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Preface

This volume of CCIS contains the revised selected papers of SACLA 2018, the 47th
Annual Conference of the Southern African Computing Lecturers’ Association, held in
Gordon’s Bay (South Africa),l during June 18-20, 2018.

SACLA 2018 provided a forum for the discussion of original research and practical
experiences in tertiary teaching and learning of information systems, computer science,
information technology, and related disciplines, as well as the use of software tools in
support of education more broadly.

The program of SACLA 2018 had a mixture of keynote addresses, contributed
papers, panel sessions, and workshops, to meet the needs of a diverse range of
attendees from across many different facets of computing education.

The keynote speakers were: Richard Baskerville, Professor of Information Systems
at Georgia State University and Professor in the School of Information Systems at
Curtin University, Perth, Australia, who spoke about cybersecurity in a digital world,
and Mark Horner, CEO of Siyavula, who spoke about adaptive and individualized
learning. The invited paper to Baskerville’s keynote lecture is included in this volume.

Contributed papers were selected through rigorous double-blind peer-review with
our international Program Committee. Every paper was peer-reviewed by at least three
members of the Program Committee. In all, 79 papers were initially submitted.

Though most of those came from within the Republic of South Africa, we also
received several international submissions with co-authors from (in alphabetical order)
Canada, UK, Germany, Kenya, Mauritius, Namibia, The Netherlands, the USA,
Zambia, and Zimbabwe. Whereas most of those papers were submitted by authors from
the above-mentioned disciplines, one submission came from a department of computer
engineering.”

Out of these initial submissions, the best 23 papers (= 29%) were accepted for
publication in this volume. A further 24 papers (not included in this volume) were
accepted for presentation at the conference. All papers in this volume were revised and
finalized after incorporating feedback from both the anonymous reviewers and the
discussions at the conference.

The Best Paper Award was presented to Douglas Parry and Daniel le Roux for their
paper titled “Off-task Media Use in Lectures: Towards a Theory of Determinants.”

The conference’s program included two affiliated workshops, which are summarized
briefly in the Appendix of this volume —one on the dividing line between schools and
universities in the teaching of IT, and another one about accreditation of IT diploma
programmes— as well as a tutorial to assist young authors to prepare publications (with
LaTeX) for Springer’s CCIS format.

! https://sacla.uct.ac.za/.

2 Indeed the participation of computer engineers ought to be encouraged more strongly in future
editions of our conference: see Baskerville’s keynote paper on this topic.
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VIII Preface

We wish to thank all members of the Program Committee and the additional
reviewers for diligently reviewing the submitted papers, as well as helping to solicit
submissions and publicize the conference in general. This year there were 42 members
on the Program Committee. Approximately half of them were from outside South
Africa, and 15 were from outside Southern Africa, the region of focus for the
conference.

We also thank conference session chairs, presenters of papers, invited speakers, and
staff who assisted with producing a high-quality program.

Last but not least, many thanks also to our sponsors, iitpsa, oracle, and sap, as well
as to the many staff members of our publisher, Springer, without the help of whom this
volume would not have appeared. Our publisher also donated several valuable com-
puter science and informatics textbooks for inspection; after the conference, these
books were handed over to academic libraries in South Africa for the benefit of the
local students and their lecturers.

July 2018 Salah Kabanda
Hussein Suleman
Stefan Gruner
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The supporters and sponsors of SACLA 2018 are herewith gratefully acknowledged
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Information Security: Going Digital
(Invited Lecture)

Richard Baskerville!2(&)

! Department of Computer Information Systems, Georgia State University,
Atlanta, USA
baskerville@acm.org
2 School of Management, Curtin University, Perth, Australia

Abstract. Because ‘going digital’ regards using digital technologies to
fundamentally change the way things get done, information security is
necessarily engaged in going digital. Society and science are going digital.
For the sciences, this digitalization process invokes an emerging model
of the science of design that incorporates the assembly of information
systems from a wide variety of platform ecosystems. According to prin-
ciples of bounded rationality and bounded creativity, this mode of design
requires more creativity to develop needed functionality from a finite set
of available platforms. Going digital requires more creativity in designers
of all types of information systems. Furthermore, the designers’ goals are
changing. The traditional model of information systems is representa-
tional: the data in the system represents (reflects) reality. Newer infor-
mation systems, equipped with 3D printing and robotics actually create
reality. Reality represents (reflects) the data in the system. This invited
paper explores the example of information security. Designers of secu-
rity for information systems not only must be more creative, they must
design for more goals. The security task is no longer just protecting the
digital system, the security task is protecting the products of the digital
system. These innovations have particular implications for information
systems curricula at university, too.

Keywords: Digitalization - Digital artifacts - Information systems
Information security * Information privacy - Education at university
Invited keynote lecture

1 Introduction

Going digital is an expression with differing meanings. For some, it is simply
a synonym for computerization: adopting a digital technology to communicate
or process data. But in the business world, the expression has a deeper mean-
ing. Going digital regards fundamentally changing the way things get done.
Going digital creates new frontiers, new experiences, and new capabilities [3]. So
inevitably, information security is going digital. This change in its nature does
© Springer Nature Switzerland AG 2019
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not imply that information security has not always been at least partly digital.
It is meant to imply that the information being protected is going digital in a
societal way [13]. It is also meant to imply that many things in the world are
going digital, among them societal information, and information security is now
charged with protecting them all.

Society is itself going digital. This unfolding event envelopes and engages
myriad aspects of information systems research such as digital natives, dig-
ital immigrants, ubiquitous information systems, pervasive computing, inter-
organizational information systems, IT diffusion and adoption, user acceptance
of IT, mobile computing, enterprise systems, I'T and new organizational forms,
and the like [11].

As society goes digital, it is changing, and in keeping with this societal change,
the reasoning about security also has to change. Such changes demand a fun-
damental rethink of the theoretical basis of information security [1]. A form of
security reasoning has been common which could be regarded as security rea-
soning around the technology. As a result of the societal change, this reasoning
must shift to security reasoning through the technology. In order to understand
the shift in security reasoning, we will need to discuss what it means to be going
digital with information systems.

2 The Digitalization of Society and Science

Information systems [7] (Sect. 1.1) are going through a thrilling period. The cur-
rent period is thrilling because the rest of the world is discovering the marvels
of digital technology. Society began going digital as mobile telephone technology
began to operate in a digital mode. It quickly became obvious that information
systems were being used as much for communications as they were for infor-
mation processing. Many started using ‘ICT’ (information and communications
technology) as a term instead of ‘IT’ (information technology). Soon after the
availability of digital services on mobile telephones, together with the availabil-
ity of personal computing, sparked the rise of myriad new kinds of applications:
online shopping, online banking, social media, the Internet of Things, big data,
FinTech, etc. As part of this emerging digitalization, science is going digital.

Gradually evolving scientific disciplines have become more and more promi-
nent. Examples of these new natural-science-related disciplines included com-
putational biology, computational physics, computational chemistry, computa-
tional neuroscience, and in silico medicine. Essentially every field of commerce,
social engagement, science, knowledge, etc. has either digitalized or developed a
digital counterpart.

The field of information systems has recognized that much of these digital
developments have been focused on the notion of a digital device broadly defined.
Such a digital device includes not just information processing, but networking,
and software applications or ‘apps’. It is an integrated, often personal, infor-
mation system within a single device. In the field of information systems, this
recognition has led us to become interested in developing Herbert Simon’s orig-
inal notions of the sciences of the artificial [9]. This interest has developed in
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information systems as Design Science Research. Information systems research
recognizes that, as society goes digital, more and more human activities are
organized with the aim of designing and creating digital artifacts. Thus the
list of societal arenas and scientific disciplines that are now engaged in digi-
tal operations has expanded. These have quietly become, perhaps unrecognized
by themselves, sciences of the artificial. Simon’s original notions were based on
an assumption that the natural sciences were different from the sciences of the
artificial. The digitalization of the natural sciences is increasing making this
assumption obsolete. For example with the development of biological science in
silico, computational biology and laboratory biology are fast growing indistin-
guishable; merging into one discipline. Many logical experiments can take place
within a computer. In this way digital biology is as much a science of the artificial
as it is a natural science.

3 Digitalization and the Science of Design

Unrecognized here is that all of these scientific fields, natural or otherwise, are
engaging in the science of design. That is, they are scientifically designing arti-
facts and studying the processes of design decisions. This form of design science
constitutes the branch of design science research within information systems.
This increasing engagement places information systems design science research
in a leadership position. This position could well serve as a model for the pro-
gression toward digital systems design in other disciplines.

These processes of design decisions have been consistently part of Herbert
Simon’s work across his career. Simons work in decision-making is best known for
what he called classical decision theory. Simon distinguished between classical
decision theory and design decisions:

“Classical decision theory has been concerned with choice among given
alternatives”
[10](p.172).

The decision process involved choosing from among alternatives that could be
found. But design decisions are quite different. Design decisions have a degree of
creativity. Design decisions are not only concerned with searching for alternatives
but also through the elaboration of these alternatives. These alternatives were
not just found, they were made:

“Design is concerned with the discovery and elaboration of alternatives”
[10](p.172).

These design decisions actually guide subsequent search to a certain degree.
Taking a design decision has the impact of confining future design decisions. It
is a form of bounded rationality in which the boundaries are created piecemeal
as a design progresses. Each design decision defines constraints on subsequent
design decisions. If the constraints prove overwhelming, it is always possible to
return to a previous design decision and rethink it:
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“The evaluations and comparisons that take place during this design pro-
cess are not, in general comparisons among complete designs. Evaluations
take place, first of all, to guide the search[, to] provide the basis for deci-
sions that the designs should be elaborated in one direction rather than
another”

[10](p.172).

This means that designers create their own future design prisons. All designs are
bounded by rationality. Bounded rationality means that individuals and orga-
nizations are limited by their collective knowledge, cognitive abilities, and the
constraints of finite resources. But because our design decisions guide the search
for future designs, and design decisions must be elaborated, design decisions are
also bounded by creativity. Because one design decision constrains future design
decisions, such constraints create a frame of reference, a confining box within
which new design decisions must be taken. Whenever you have such a frame of
reference, such as rational constraints, you actually have a more creative situa-
tion: all the constraints put new demands on human creativity in order to create
solutions to achieve goals in a highly constrained environment [6,12]. Individuals
are known to be more creative when given operating limits [4].

The growth of digitalization means that there are growing creative demands
being placed on people who are now engaged in digital design in all walks of soci-
ety. These creative demands are actually stronger than those that were placed on
the pioneers of information systems. This increasing demand strength is because
the pioneers of information systems had such a broad range of design decisions
that they could take; and they had so few constraints on these design decisions.
But today designers and disciplines of wide variety are constrained by the exist-
ing consumer devices and platforms from which they must work. Their creative
problem is, how to create a functional system that provides the means to their
goals [7], out of the existing panoply of digital devices and platforms.

This problem is well-known. It is similar to the design of junk art. Junk yards
offer domains of miscellaneous objects that have been thrown away, discarded,
or sold for scrap. The junk artist assembles works of beauty from these found
objects. They design and create junk art from the junk. While it is totally unfair
to suggest that the marvels of the digital devices we have available today can be
construed to be junk, the idea nevertheless is similar. The digital world is the
domain of miscellaneous digital found objects that are available to consumers
at very low cost. Across all walks of society and science, we are now assembling
marvelous information systems out of these found objects. It involves a higher
degree of rationality, and a higher degree of creativity, because of the boundaries
being placed on the ultimate designs by these pre-determined, and pre-defined
objects.

The notion that today’s computer information systems are junk art is not
new. Such agile mash-ups are a return to notions of bricolage. Information sys-
tems bricolage is the pulling together of just the right kinds of digital technologies
to solve the information problems [2]. In today’s rapid digitalization of society
and science, these found objects include digital platforms, ecosystems, apps,
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devices, etc. Our design task in information systems is to assemble useful infor-
mation systems out of this constellation of digital platforms, ecosystems, apps,
devices, etc.

4 Descriptive Versus Prescriptive Information Systems in
a Digital Society

This progression of digitalization has not only changed the way we design sys-
tems, it has also changed the underlying systems themselves. Information sys-
tems have evolved. Yesterday’s information system essentially processed the data
into information which was then used by a human decision-maker. It was a sim-
ple four element system with input data, the information system, the output
information, and the decision-maker: see Fig. 1.

Tomorrow’s information system may be quite different. It is still a simple
four-part system, but now it includes a decision engine that makes many of our
decisions in silico. So the four parts are quite different in some cases, namely
sense, decide, instruct, and execute: see Fig. 2.
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This revised system comes about because we have the Internet of Things to
enable us to sense data as it is created (an event), we have artificial intelligence to
make the decisions within the digital system, and we have robotics to actually
execute, producing the system products without necessarily involving human
actors. In this way the information system must be designed to go from events to
products. The designs use found objects, and involve as little human interference
as possible. Such information systems are not that far in the future. These newer
kinds of information systems already decide what music we will hear and what
movies we will watch. They do this by sensing our listening and viewing patterns,
using artificial intelligence to decide what other music and videos we might wish
to watch, and then executing these by offering us those digitally determined
pre-selections for our enjoyment. With the increasing use of robotics and digital
printing it is not impossible today to create similar systems that themselves
create physical products as well as digital products. For such systems the stepwise
process is sense, decide, instruct, and execute. The digital process runs from event
to product.

As a result of this digitalization of information systems, many of our previ-
ous information systems research assumptions are inverted. Those assumptions
included the notion that information systems were a representation of reality
[7] (pp.- 34, Fig.1.1). For example, the data models are assumed to represent
information about the world. They have a semantic relationship that is descrip-
tive. Our notion of information quality relied on things like information accuracy,
objectivity, timeliness, etc. These venerated research assumptions no longer hold
in the digital world. Our new assumption ground holds that information systems
now create and shape reality. The real world is often a reflection of the system,
not the other way around. This inversion arises because information systems cre-
ate reality. They have a semantic relationship that is prescriptive. There is even
an ethical dimension: is it morally proper to create the reality that is digitally
determined? The implications for information security are profound. Information
security is no longer obligated to protect a representation of an existing reality.
It is becoming an obligation to protect a representation of a future reality. The
security task becomes one of protecting our next world. Information security is
thus moving from protecting the digital assets and is now becoming involved in
the digital consequences. In other words, today’s information security is protect-
ing not only the information system, but also protecting the products that it is
producing. For security this is a means-end inversion. When information systems
represented reality, that reality was the end, and the information system was the
means. When information systems create reality, the information systems is the
end, and reality is the means.

5 Security Around the System Versus Security Through
the System

The previous mode of information systems, that of reflecting reality, defines
the traditional information security goals of protecting the information and the
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Fig. 3. Case IH Magnum autonomous tractor in field with a planter implement

system that produces it. But the newer mode for information systems, that of
producing reality, forces us to ask: what exactly are we securing? Are we still
protecting the computer system itself? If so it means the security concept is
one of providing a protection perimeter around the information system. Alterna-
tively we can ask, are we protecting the digital consequences of this information
system? If the security concept is one of protecting not only the system but its
digital consequences, its digital and physical products, then now we must think
of providing a protection perimeter that encompasses not only the information
system but also the products of that system. Security protects the products
through the system rather than just around the system.

As a simple example, let us consider the Case IH Magnum autonomous trac-
tor of Fig. 3.1 It is a driverless robotic tractor designed to be released into a field
with whatever implements and attachments that are required for agriculture.
The tractor does its work under computer control that is guided by electronic
signals (such as GPS locations) and other Internet of Things devices. In previ-
ous times, the security mission would be that of protecting the computer system,
and the security mission would seek to provide security around the computer
system. The protection perimeter would extend around the computer, the com-
munications network, and the various data input devices. It is security around
the system.

But with newer modes of digital systems, the whole ag-robotic tractor
becomes part of the system. The tractor is conceptually the robotic endpoint of
the information system. This incorporation of robotic output extends the pro-
tection boundary to include the robotic tractor as well as the other information
elements. We would still provide security around computer system, the network
elements and now the ag-robotic tractor: see Fig.4. But such security designs

! http://www.cnbe.com/2016,/09/16 /future-of-farming-driverless-tractors-ag-robots.
html.
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The communications
YA system to the tractor

The tractor

Fig. 4. Security around the system, protecting the tractor system

are made problematic because of the increasing use of platforms in the design.
Security perimeters must account for the platforms and platform ecosystems
that become involved in ‘going digital’.

However, this system is not a traditional information system in which the
human decision-maker is receiving information. This artifact is an information
system that is producing agricultural products. In this case, this information
system (because of its links to sensors artificial intelligence and its robotics)
is producing a crop. The information in the system is creating a crop. In this
way the mission of information security is no longer just protecting the tractor,
its computer, and its communications. Now, the mission of information secu-
rity includes protecting the crop. It requires a reset in the goals of information
security. Information security now has the mission to protect the crop through
information security: see Fig. 5. This shift is a dramatic extension of the mission
of information security and extends the information security perimeter in order
to protect the system products.

For information security, going digital means a new set of design principles
to guide the convergence of information security and the security of its product.
The first of these principles is that when data integrity falls, so can the integrity
of our reality. When data is irrationally changed in an information system, it can
change reality in irrational ways. This consequence arises because reality is the
product that is an output of this information system. Because this product may
be either digital or physical, changing the data will change the real world. The
result arises from the inversion of the system-reality relationship in that data is
no longer representing reality, reality is representing the data.
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The communications The maize corn

system to the tractor

\ The computer system in the tractor

Fig. 5. Security through the system, protecting the crop

For example, suppose we gain access to change the viewing history data for
an online, on-demand entertainment system. If we can configure this history to
indicate that a happy and peaceful community prefers angry and violent films,
then the intelligence routine of the entertainment system may shift to one that
suggests only angry and violent films to the community. As a consequence, angry
and violent films may become ever so slightly more popular, and it may even
be possible that the community itself becomes ever so slightly more angry and
violent. Changing the viewing system can create a different reality.

6 Discussion

Going digital in information security also highlights how security is itself evolving
into a digital construction. Information security is no different than other aspects
of reality. This evolution means that security exists first in the digital world, and
this digital existence creates security in the physical world. Such an evolution
would mean that it is no longer possible to have physical security where there
is digital insecurity. As a result of such logic, digital security is now security of
the first kind. It is the antecedent of security in the other aspects of our world.
Physical security such as locks, fences, gates, and burly guards may become
ineffective if digital security is absent. They cannot operate correctly without
operating digital security correctly first.

Unfortunately, it appears to be the current case that our digital security is
growing less and less effective. We have tended to underinvestment in security, at
least partly because simply measuring security is difficult [8]. While our depen-
dence on digital security grows deeper and deeper, digital security is encountering
more and more issues. Currently, these problems surface as the inability of our
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information systems to prevent privacy losses that are a consequence of security
failures [1]. Digital perimeters are highly permeable and difficult to protect [5].
They are easily violated. There is also an asymmetry between the attacker and
the defender that makes attacks on digital systems easy. We currently have few
effective ways to adjust this asymmetry such that attacks become more difficult,
more dangerous, more costly, and more work.

These problems have fundamental implications for how we teach information
security at the university level. Our present curriculum is focused on security
systems such as the model in Fig. 1. Such courses only consider risks to a digital
system that has data inputs and information outputs. When digital systems are
modeling the physical world as it is about to become, the scope of the curriculum
must broaden to encompass the physical reality that will be generated by the
digital system.

Information security curricula must evaluate risks that the system generates
with its outputs. The subject of risk analysis is the outputs of the system as
well as the system. This means the risks to the physical realities affected by
the digital system should be inventoried and estimated. Information security
curricula must also ensure that the security control set encompasses the physical
realities created by the digital system. Designing information security controls
must consider their utility for protecting the physical realities generated by the
system. For example, if the system generates a classroom meeting for learning
security, the system must be designed not only to provide security for the system
(as traditional) but also for the classroom meeting. When dealing with incident
response and disaster recovery, information security curricula must now consider
detection and recovery not only of the digital system, but how that digital system
can regenerate an operational physical reality when this reality is interrupted.
For example, if the system generates a classroom meeting, and a fire disrupts
this meeting, security controls within the information system must be available
to detect the disruption and provide recovery mechanisms to restore classroom
operations.

Of course these examples assume that the information system is generating a
physical reality. In ‘going digital’, many previously physical realities themselves
grow more digital. For example, the physical classroom meeting used in the
examples above may indeed become online, existing only as a digital reality.
The extension of scope remains just as important. In previous curricula, we
have taught students how to recover the computing system. ‘Going digital’, we
must also teach students how to recover the digital realities generated by these
systems.

Because ‘going digital’ implies that information systems generating physi-
cal and digital realities will encompass myriad digital devices (large and small),
the task of information systems professionals will increasingly incorporate the
Internet of Things. Data capture devices, 3D digital printers, robotics, and pro-
cess control embedded in machinery grow increasingly under the purview of
information systems designers. As we have discovered with data scientists, it is
difficult to find single individuals with all of the skills necessary to perform such
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designs. Design teams must grow diverse to incorporate experts in the platforms
and devices being integrated into the information system. The socio-technical
world of the information systems security designer is gradually becoming the
techno-social world. ‘Going digital’ can shift the center of the information sys-
tems security designer’s world from the social to the technical. Of course it will
be impossible to create a ‘super-curriculum’ that will cover the traditional social
and economic focus of information systems security, plus the computer science,
plus the computer engineering that the new designers will encounter. But the
curriculum can extend to better prepare the information systems professionals to
work in teams made up not only of users, but also of more technical profession-
als with computing and engineering expertise. For example, student projects with
wider scope ‘gone digital’ topics could include a ‘mixture’ of team members from
students of information systems, computer science, and computer engineering.

7 Conclusion

Future research is needed into ways to overcome such fundamental problems.
The issues are in motion: both the issues of what information security is charged
to protect; and how information security must go about protecting it. In terms of
what information security is charged to protect, the security perimeter is moving
outward. First, to incorporate the (multiple) platforms and platform ecosystems
that are inevitably drawn into the digital system design. Second, to include
the digital consequences of information systems. These consequences include
an increasingly broad range of digital and physical products. In terms of how
information security goes about achieving such protection, our security mode is
shifting from one of security around the system to one of security through the
system. More creativity is required on the part of the security designer because
the platforms create more rational and creative boundaries, and because the
goals of information security have grown.

Currently, the provision of security on the basis of reasoning around the sys-
tem is growing less and less effective in proportion to the broadening demands
society is placing on its information systems. Such a system only provides secu-
rity for a representation of the world without providing security for the world
that the representation creates. Reasoning information security through the sys-
tem is growing more essential as we progressively increase our use of systems that
create reality. Reasoning about the protection of the world that is being created
by digital technology has potential to provide a more thorough approach.

This unfolding world of digitally generated realities broadens the scope of
information and computer security curricula. Students must be prepared for
this wider scope and the wider range of expertise that this scope will require.
This curricula not only must deliver concepts for protecting and recovering infor-
mation systems, but also deliver the additional concepts needed to enable the
information systems to protect, regenerate and recover any digital realities that
these systems have generated. Digital security designers will increasingly work
with more technical professions. Our curricula should also prepared students for
this new, more diverse work environment.



14 R. Baskerville
References
1. Anderson, C., Baskerville, R., Kaul, M.: Information security control theory:

11.

12.

13.

achieving a sustainable reconciliation between sharing and protecting the privacy
of information. J. Manag. Inf. Syst. 34, 1082-1112 (2017)

Ciborra, C.U.: From thinking to tinkering: the grassroots of strategic information
systems. Inf. Soc. 8, 297-309 (1992)

Dérner, K., Edelman, D.: What ‘digital’ really means. McKinsey (2015)

Finke, R.A., Ward, T.B., Smith, S.M.: Creative Cognition: Theory, Research, and
Applications. MIT Press, Cambridge (1992)

Griffy-Brown, C., Lazarikos, D., Chun, M.: How do you secure an environment
without a perimeter? Using emerging technology processes to support information
security efforts in an agile data center. J. Appl. Bus. Econ. 18, 90-102 (2016)
Hoegl, M., Gibbert, M., Mazursky, D.: Financial constraints in innovation projects:
when is less more? Res. Policy 37, 1382-1391 (2008)

Olivé, A.: Conceptual Modeling of Information Systems. Springer, Heidelberg
(2007). https://doi.org/10.1007/978-3-540-39390-0

. Pfleeger, S.L., Cunningham, R.K.: Why measuring security is hard. Secur. Priv. 8,

46-54 (2010)
Simon, H.A.: The Sciences of the Artificial. MIT Press, Cambridge (1996)

. Simon, H.A.: Theories of bounded rationality. In: Decision and Organization: A

Volume in Honor of Jacob Marschak, pp. 161-176. North-Holland (1972)
Vodanovich, S., Sundaram, D., Myers, M.D.: Digital natives and ubiquitous infor-
mation systems. Inf. Syst. Res. 21, 711-723 (2010)

Ward, T.B.: Cognition, creativity, and entrepreneurship. J. Bus. Ventur. 19, 173—
188 (2004)

Yoo, Y.: Computing in everyday life: a call for research on experiential computing.
MIS Q. 34, 213-231 (2010)


https://doi.org/10.1007/978-3-540-39390-0

Playfulness



®

Check for
updates

Continuance Use Intention of a Gamified
Programming Learning System

(=

Marisa Venter®™ and Arthur James Swart

Department of Information Technology, Central University of Technology,
Bloemfontein, South Africa
marisa@cut.ac.za

Abstract. The gamification of education offers various advantages
including increased engagement of students. Limited research is currently
available that can shed light on the influence of various gamification ele-
ments in on-line learning environments on the engagement and continu-
ance use intention of students. The objective of the study was therefore
to investigate the influence of gamification elements in on-line learning
environments on the engagement of students and consequently on the
continuance use intention of students. The population of the study con-
sisted of 192 second-year Information Technology students enrolled at the
Central University of Technology (Free State). An on-line questionnaire
was used to collect data from students. The results indicated that the
rewards that students received, as well as their self-expression and status
in a gamified programming learning environment are very important to
enhance their engagement in these environments. Furthermore, the study
revealed that meaningful experiences in on-line learning environments is
the leading predictor of continuance use intention of students in gami-
fied programming learning environments. The results of this study could
assist instructors in information technology departments of higher edu-
cation institutions to incorporate gamified programming learning envi-
ronments into their learning offerings.

Keywords: Gamification - Online learning environments
Khan Academy

1 Introduction

Gamification of education is an emerging approach for increasing student engage-
ment and motivation in educational settings [9]. The excitement surrounding
gamification results from the belief in its potential to make monotonous tasks
more enjoyable [24]. The term ‘gamification’ has been defined in several ways,
such as ‘the phenomenon of creating gameful experiences’ [16], or ‘the use of game
design elements in non-game contexts’ [8]. Gamification in education refers to
the introduction of gameful experiences and game design elements in the design
of learning processes [9].
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Regardless of the widespread belief in the benefits of gamification, various
studies have stressed the difficulty of sustaining user engagement due to the
fact that effects of game elements are often short-lived [18,30]. A substantial
percentage of gamified information system users seemingly discontinue their
engagement with the system within a short period after initial system adoption
[15,31]. Therefore, it is essential to understand the mechanisms that explain why
users would continue to use gamified information systems in higher education
settings [9]. Without an understanding of how a gamified electronic learning sys-
tem engages students and encourages them toward continued system use, higher
education institutions will forfeit the opportunity to make productive use of
these emerging technologies [40].

The purpose of this paper is to investigate the influence of gamification ele-
ments in on-line learning environments on the engagement of students and con-
sequently on the continuance use intention (CUI) of students. The paper is struc-
tured to provide an overview of prior research conducted on CUI with regard to
e-learning contexts in Sect. 2, followed by an explanation of the gamified on-line
learning environment that was used in this study (called Khan Academy) in
Sect. 3. In Sect. 4, the development of the theoretical model for the study is dis-
cussed. Section 5 presents the research method, followed by the results in Sect. 6.
Discussions are given in Sect. 7 and the conclusions in Sect. 8.

2 CUI in the E-learning Context

While previous research in e-learning has focused on the initial adoption [43]
the ultimate success of an information system (IS) is really determined by the
continued usage thereof. Until the continuous usage of an IS can be confirmed, it
is premature to classify it as a success [44]. CUI can be defined as an individual
user’s intention to continue using a particular IS or the long term usage intention
of a technology [2]. A review of prior research that was conducted in the wider
e-learning domain in terms of CUI is summarized in Table1, sorted according
to the year of study.

After analysing the tabulated CUI research from the broader e-learning
domain, the following trends were observed. Only two studies focused on game-
based learning environments [23,42], with other e-learning environments not
featuring any game based elements. Furthermore, studies focusing on the CUI
of e-learning systems have only been conducted in countries like Brazil, Canada,
Taiwan, USA and Turkey. It can be concluded that research on CUI in the
e-learning context has not yet reached maturity, since approximately only one
study per year was conducted over the last ten years. This study will therefore
contribute to the limited existing body of knowledge of CUI in the broader e-
learning context and specifically in a gamified electronic learning context in an
area that has not featured prominently in the literature.
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Table 1. Prior research conducted on CUI in the e-learning context

Reference | Year | Country of study | Type of e-learning
[35] 2005 | Canada On-line learning system
[33] 2006 | International E-learning course
[42] 2009 | Taiwan Business simulation games
[21] 2010 | Taiwan Web-based learning system
[23] 2011 | Taiwan Business simulation games
[5] 2012 | USA Information-oriented mobile applications
[32] 2015 | Brazil Learner management system (Moodle)
[7] 2016 | Turkey On-line learning portal

3 Khan Academy

3.1 Learning Environment

Khan Academy originated as a set of YouTube tutorials which MIT graduate
Sal Khan made for his cousin who was struggling with mathematics. Today it
is a multi-million-dollar non-profit organization with the stated mission of ‘not-
for-profit with the goal of changing education for the better by providing free
world-class education for anyone anywhere’ [27]. It provides a comprehensive
set of resources, with over 5000 courses delivered in 65 languages. The Khan
Academy website has delivered more than 600 million lessons worldwide, with
four million exercises completed per day [27].

In addition to mathematics, Khan Academy covers many areas of science,
arts, humanities, computing and economics. The computer programming section
of Khan Academy offers the following subjects: Introduction to JavaScript and
Animation; Introduction to HTML/CSS: Making web pages; Introduction to
SQL: Querying and managing data; Advanced JavaScript: Games and Visual-
izations; Advanced JavaScript: Natural simulations [19].

The Khan Academy learning environment mainly comprises watching a video
explanation of the topic followed by self-assessments in the form of questions
(multiple choice or short answer). In contrast, the computer programming learn-
ing environment involves a code editor and execution window as shown in Fig. 1
[27]. The programming subject, from Khan Academy, that was investigated in
this paper was ‘Introduction to SQL: Querying and managing data’. The code
editor and execution window of one of the SQL lessons are shown in Fig. 1.

The left-hand frame comprises an editor with the SQL code that produces
the output in the right-hand frame. The video is a demonstration of how to code
the solution for a given topic. In this example, it is restricting group results with
HAVING in SQL [19]. The video contains a developer discussing the development
of the code. While the code is being generated, the output on the right changes
instantaneously to reflect the code that is added in the editor window [19]. At any
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Restricting grouped results with HAVING
70, 90); - . tree
15 INSERT INTO exercise_logs(type, minutes, 6 climbing 25 72 80
calories, heart_rate) VALUES (“hiking”, 6@,
80, 85); 7 rowing 30 70 9@
16
17 SELECT * FROM exercise_logs; 8 hiking 60 80 85
18
19
20 type total_calories
21 SELECT type, SUM(calories) AS total_calorie
s FROM exercise_logs biking 160
22 GROUP BY type
23 HAVING total_calories > 150 dancing 365
24 :
25
26 SELECT type, AVG(calories) AS avg_calories type avg_calories
FROM exercise_logs .
27 GROUP BY type biking 8@
28 HAVING avg_calories > 70
29 X & dancing 182.5
30 hikin 80
3 ¢
32 tree climbing 71
33
I !

Fig. 1. SQL programming environment

given time, the user can pause the video and start to change the code, and the
alterations are instantly reflected in the right-hand frame [19]. The SQL lessons
demonstrate various SQL topics and directly after the video demonstration on
a particular concept, the user is provided with the opportunity to complete
a challenge by typing SQL code into the editor window. Instead of compilation
errors, a character appears in the output frame with the explanation of the error,
along with a prompt to show the user where the error occurs in the code as shown
in Fig. 2 (on the left). Once the error has been corrected, and the challenge is
successfully completed, the user is rewarded with points and a character that
appears on the screen telling the user that all steps have been completed; see
Fig. 2 on the right.

3.2 Gamification

Khan Academy has implemented several specific gaming elements within its
on-line environment including badges, points, specific goals, leader boards and
progress indicators which will be discussed next. Khan Academy has five different
types of badges which can be earned while interacting with the learning material:
see Fig. 3 [19]. The most common badge is the Meteorite (viewed as entry-level)
with the Black Hole being the rarest (viewed as advanced-level). In addition,
completing activities will allow the students to earn energy points, which are
then displayed on their personalised dashboard, along with the number of videos
they have completed. Moreover, Khan Academy gives a student the opportunity
to enroll in a class with an instructor. The instructor can assign various goals to
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Please take a moment to fix any syntax errors.

1 dress pink polka dots
REATE TABLE clothes (
id INTEGER PRIMARY KEY AUTOINCREMENT, 2 pants rainbow tie-dye
type TEXT, .
design TEXT); 3 blazer black sequin
INSERT INTO clothes (type, design) )
VALUES ("dress", "pink polka dots"); id type design
INSERT INTO clothes (type, design) X
VALUES ("pants", "rainbow tie-dye"); 1 ts
INSERT INTO clothes (type, design) > o s o
,,,,, VALUES_("blazer", ); All steps complete! * W y
3
9
Oh noes! x
© . .
There's a syntax error near ) . Do id type design
“ you have a semi-colon after each 1 dress pink polka dots
statement? - —
ye
Show me where Congratulations!
You earned 2100 points!"
-
ots

-

NULL
NULL
NULL

price
10
20
30

price
10
20
30
40

Fig. 2. Error condition (left), success condition (right)

students with due dates when these goals should be achieved. Goals can also be
suggested by the system, based on past performance, or may be defined by the

user.

)

Meteorite badges are
common and easy to earn
when just getting started.

al

Sun badges are epic. Earning
them is a true challenge, and they
require impressive dedication.

O

Moon badges are

uncommon and
represent an investment
in learning.

Black Hole badges are legendary
and unknown. They are the
rarest Khan Academy awards.

Earth badges are rare.
They require a
significant amount of
learning.

®

Fig. 3. Badge types in Khan Academy

In order for users to see their status on a leader board in Khan Academy, they
must be enrolled in a subject with an instructor. The instructor has access to
the leader board consisting of a list of students and the number of energy points
they have gained and minutes they have spent on specified activities. In order
for users to see their rankings, the instructor should post the leader board for all
users to see. Furthermore, Khan Academy provides several different indicators



22 M. Venter and A. J. Swart

for showing progress to the user. It will display information for achieving goals
(Fig. 4: on the left) as well as activity indicators (Fig.4: on the right).

O Only show completed content -y

mC

pouse siuiog ABroug

Fig. 4. Progress indicators in Khan Academy

Activity information is displayed through a bar graph indicating the amount
of activity within Khan Academy each day and how many energy points were
earned within a specific time period. Khan Academy also sends each registered
user an email once a week detailing the progress that was made during that
particular week.

4 Theoretical Model

A theoretical model was developed in order to predict the influence of gam-
ification elements in the Khan Academy on-line learning environment on the
engagement of students and consequently on the CUI of students. Gamifica-
tion research over the past decade provided many constructs that might predict
a user’s CUI, including social influence [13], attitude toward a gamified IS [14],
self-efficacy and satisfaction [40]. Flow experience (FE) is one of the predominant
constructs that has been used to explain the CUI of users in various gamifica-
tion and game-based learning environments [17,23]. Flow is a concept that was
recognised and named by [6] to describe the psychological state of operation in
which a person performing an activity is completely immersed in an emotion
of full immersion, energised focus and enjoyment [6]. This emotional state is
considered to be so rewarding that a person is inherently motivated to repeat
the activity for its own sake [12]. When studying the CUT of users, researchers
find this characteristic of flow particularly useful to predict the CUI of users.
According to [6], the characteristics of flow include a loss of self-consciousness, a
distortion of time, intense concentration, and a sense of being in control [37]. FE
is therefore the first construct that was included in the theoretical model in order
to predict the CUI of students towards a gamified learning environment. FE in
the current study was measured by a combination of four constructs namely
enjoyment, immersion, time distortion and control [1].
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FE has been used extensively in IS research as a construct that represents the
depth of engagement from a hedonic viewpoint. However, researchers presently
stress that a gamified IS should not rely solely on hedonic user experience that is
based on deep engagement, but it should also focus on the creation of pathways
that will assist users to discover meaningful relations between their own interests
and system use [30,39]. Meaningful engagement (ME) refers to a state of mind
in which a person experiences a sense of meaning and deeply comprehends the
essence of the experienced events [40]. ME derives its theoretical basis from the
Self-Determination Theory which is focused on what motivates an individual to
make choices without external influence [29]. In a ME state, people are constantly
aware of the contextual situation in which given tasks are performed, and people
actively discover new paths to achieve their goals and feel that they are utilising
power to meet environmental challenges [30]. Consequently, a users’ ME in the
interaction with the gamified IS has been proposed as a key determinant for the
continued use of the system [4]. ME was therefore selected as the second construct
that was included in the theoretical model in order to predict CUI. Drawing on
existing literature, ME was measured in the current study by a combination of
three constructs, namely self-expansion, meaning, and active discovery [40].

One of the key objectives of gamification is to make an activity more engaging
[9]. To identify the antecedents of FE and ME, a literature search was conducted
in order to identify frequently used gamification elements that influence user
engagement. Four gamification elements were identified from gamification litera-
ture, namely rewards, status, competition, and self-expression, that may increase
user engagement in the context of gamification [3,16,36,38]. The rewards con-
struct in this study refer to the perception of students that it is possible for
them to earn and accumulate points, and that they will have the possibility to
earn more points if they try harder [18]. In addition, the status construct refers
to the perception of students that it is possible for them to have a higher status
than others, and to be regarded highly by others, and that it is possible for
them to increase their status [47]. Moreover, the self-expression construct in the
study refers to the perception of users that it is possible for them to express
their identity through game elements in a way that is distinct from others [25].
Finally, the competition construct refers to the perception of students that it
is possible for them to compete with others and that it is possible for them
to compare their performance to other students and to threaten the status of
other students through their active participation [20]. These four constructs were
therefore entered into the model created for the study as antecedents of FE and
ME. The theoretical model that was developed for the study is shown in Fig. 5.

5 Method

The research instrument that was used to test the theoretical model of the study
is a survey. Multiple-item summated rating scales were used to measure each
construct that consisted of a 7-point Likert scale with two anchor points namely
(1) ‘Strongly Disagree’ and (7) ‘Strongly Agree’. The items in these scales were
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Fig. 5. Theoretical model for CUI of gamified on-line learning environments

adapted from existing literature in order to ensure content validity of the survey
instrument. The items were adapted by replacing the specific type of IS used in
the original wording of the item to ‘Khan Academy’. For example if the original
item was ‘I enjoy using the Web’ [1], the adapted item would be ‘I enjoy using
Khan Academy’.

Scales for CUI contained 3 items that were adapted from [22]. Scales for FE
contained 14 items and 4 sub scales, namely immersion (3 items), time distortion
(3 items), control (3 items) and enjoyment (3 items) that were adapted from
[1]. Scales for ME contained 9 items and 3 sub scales, namely self-expansion (3
items), meaning (3 items) and active discovery (3 items) that were adapted from
[40]. Scales for rewards contained 3 items and were adapted from [18]. In addition,
scales for status contained 3 items and were adapted from [47]. Scales for self-
expression contained 3 items and were adapted from [25]. Finally, the scales for
competition contained 3 items and were adapted from [20]. The reliability of each
scale of the survey instrument was evaluated by calculating Cronbach’s alpha
[11]. Acceptable values of alpha range from 0.70 to 0.95 [11]. Cronbach’s alpha
for the constructs were as follows: CUI (0.77); FE (0.85); immersion (0.70); time
distortion (0.78); control (0.70); enjoyment (0.75); ME (0.91); self-expansion
(0.75); meaning (0.75); active discovery (0.71); rewards (0.74); status (0.70);
self-expression (0.70) and competition (0.70). All scales fell into the acceptable
range and the data collection tool for the study was deemed to be a reliable
measuring instrument. Regression analysis using SPSS version 19 was used to
analyse the collected data.

The population for the study was limited to students enrolled for the subjects
Databases II (DBS216C) and Information Systems IT (NIL20DB) at the Cen-
tral University of Technology in the Free State province. The content of these
subjects offered in the first semester are the same. The theory component of the
subjects focus on database design while the practical component focuses on SQL
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database programming. In the practical periods of these subjects, students were
exposed to the ‘Introduction to SQL subject on Khan Academy. The lecturer
of these subjects created a subject on Khan Academy (called Databases II) and
then enrolled all the students for this subject. The instructor assigned various
tasks to students in Khan Academy, which they had to perform in the Khan
Academy environment. All these assignments were part of the ‘Introduction to
SQL’ subject on Khan Academy.

Students were exposed to the Khan Academy on-line platform for the first
academic term. After this period, a survey was administered on-line by making
use of QuestionPro. The link to the questionnaire was placed in the learning
management system used by the students, and students were asked to voluntary
complete the questionnaire. Ethical procedures as stipulated by the Central Uni-
versity of Technology were adhered to.

6 Results

From Table 2 it can be seen that 72% of the students were male, and 28% female.
Furthermore, Table 3 shows that the majority of students (64.7%) accessed Khan
Academy two or three times a week, and that 15.7% of students accessed Khan
Academy more than three times a week.

Table 2. Gender

Gender |n | Percent
Male |139| 72%
Female | 53| 28%
Total | 192 | 100%

Table 3. Khan Academy Access per Week

Access per week n | Percent
Not at all 3 1.5%
About once a week 31| 15.2%

Two or three times a week 132 64.7%
More than three times a week | 32| 15.7%
Total 204 | 100.0%

Three regression models were constructed in order to test the theoretical
model of the study. These results are discussed next. The first stepwise multiple
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regression model was constructed in order to determine what predictive power
the four gamification elements (rewards, status, competition and self-expression)
had towards FE. Three gamification elements, namely rewards (8 = 0.333, p <
0.001), self-expression (5 = 0.317, p < 0.001) and status (8 = 0.233, p <
0.001) made a statistical significant contribution to the prediction of FE and
were entered into the model. This resulted in a significant model R? = 0.559,
F(3,192) = 84.53, p < 0.001, adjusted R? = 0.552. The adjusted R? value
indicates that approximately 55% of the FE construct could be accounted for
by the rewards, self-expression and status constructs. Competition (G = 0.018,
p = 0.789) was the only construct that did not make a statistically significant
contribution toward the prediction of FE. The following guidelines, presented by
[10], were used to interpret R?: very weak (0-4%); moderate (16-36%); strong
(36-64%) and very strong (64-100%). From these guidelines, it can be seen that
the model that was constructed had strong predictive power towards the FE
construct.

The second stepwise multiple regression model was constructed in order to
determine what predictive power the four gamification elements had towards
ME. The following three gamification elements, namely rewards (8 = 0.492,
p < 0.001), self-expression (8 = 0.266, p < 0.001) and status (§ = 0.148,
p = 0.017) made a statistical significant contribution to the prediction of ME
and were entered into the model. This resulted in a significant model R? =
0.606, F(3,192) = 102.41, p < 0.001, adjusted R? = 0.600. The adjusted R>
value indicates that approximately 60% of the ME construct could be predicted
by the rewards, self-expression and status constructs. As with FE, competition
(8 = 035.018, p = 0.567) did not make a statistically significant contribution
toward the prediction of ME. From the guidelines presented by [10], it can be
seen that the model that was constructed had a strong predictive power towards
the ME construct.

The last stepwise regression model was constructed in order to determine
what predictive power the FE and ME constructs had towards CUI. Both ME
(B = 0.464, p < 0.001) and FE (8 = 0.276, p = 0.002) made a statistical
significant contribution to the prediction of CUI and were entered into the last
regression model. This resulted in a significant model R? = 0.503, F(3,192) =
101.90, p < 0.001, adjusted R? = 0.499. The adjusted R? value indicates that
approximately 50% of the CUI construct could be predicted by the FE and
ME constructs. The resulting model had strong predictive power towards CUI,
according to [10]. The results of the stepwise multiple regression models are
shown in Fig. 6.

7 Discussion

When the results are investigated, it can be seen that the rewards gamification
element had the strongest predictive power towards FE and ME. This result is
consistent with research that found that rewards in mobile educational games
was one of the most important reasons learners wanted to continue playing these
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Fig. 6. Results of multiple stepwise regression

games [46]. Moreover, the strong motivational appeal of rewards found in this
study can be compared with research that found that learners enjoyed an educa-
tional game with in-game rewards twice as much as an educational game without
rewards [28]. The implication of this finding is that the rewards that students
earn in a gamified on-line learning environment could sustain engagement in
these environments which could lead to higher levels of CUI.

The self-expression construct had the second strongest predictive power
towards FE and ME. This finding is consistent with prior research that found
that providing users with opportunities to express their self-identity through
choosing the types and names of their avatars, increased their intrinsic moti-
vation and learning of the subject matter [34]. In Khan Academy, users can
customise their profiles by selecting their own avatar which develops and grows
as the user makes progress. The implication of this finding is that in a gamified
learning environment it is important to provide users the opportunity to express
their unique identity in order for them to distinguish themselves from others.

The status gaming element also made a statistical significant contribution
towards the prediction of FE and ME. Users will be able to observe a higher
status in a gamified environment if they notice that they can efficiently track
their performance and level-up when they achieve certain mileposts [41]. These
results can be compared to research conducted by [40] that indicated that the
status construct made a statistical significant contribution towards the predic-
tion of FE (8 = 0.388, p < 0.001) and ME (8 = 0.326, p < 0.01) in their study.
This implies that when users are able to effectively track their performance in a
gamified learning environment, it could improve the engagement of users.
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The only gamification element that did not make any statistical significant
contribution towards the prediction of FE or ME was the competition construct.
These results are similar to various findings in digital game-based learning envi-
ronments that showed that learners strongly preferred to collaborate with other
learners and did not want to compete with them [45,46]. Another reason could
be that some students at the bottom of the leader board become downtrodden
and disheartened, thinking that it is not possible for them to surpass their fellow
students, which lead them to disengage with the system [46].

The study lastly confirmed that the FE and ME are both statistical signif-
icant predictors of the CUI in gamified learning environments. What is note-
worthy in the current study is that ME had a much higher predictive power
(nearly twice as much) towards CUI than FE. This finding is in accordance with
an experiential study that found that users of a gamified IS consider FE to be
less important than ME for their CUI [26]. This study showed that users who
perceive their interaction with an IS as personally meaningful were more likely
to continue to use the IS [26]. This implies that it is more important for stu-
dents to perceive that they are meaningfully engaged by the system, as opposed
to experiencing a state of flow. Moreover, higher perceptions of ME will lead to
higher levels of CUI.

8 Conclusions

The contribution of this study is that it sheds lights on the influence that several
gamification elements have on sustaining a user’s engagement in a gamified pro-
gramming learning environment. Moreover, the theoretical model of the study
made a novel contribution to the literature on CUI by incorporating gamifica-
tion elements as predictors of FE and ME in a CUI model for an e-learning
context. The model developed for the study indicated that the rewards that stu-
dents receive, as well as their self-expression and status in a gamified learning
programming environment are very important to enhance their engagement in
these environments. Furthermore, the study revealed that ME in on-line learning
programming environments is the leading predictor of CUI of students in these
environments.

A shortcoming of the current study is that the population was limited to two
student groups in one province in South Africa with only one gamified learning
environment being investigated. Therefore, the results obtained from the study
cannot be generalised to the broader population of South Africa or to other
gamified learning systems. Suggestions for future research would therefore be an
invitation to researchers at institutions from other provinces to test the model
developed for the study in similar or other gamified learning environments in
order to validate the findings of the current study.
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Abstract. In the Information Technology course offered at the North-
West University, students do two subject modules during their second
year on Information Systems Development. During their third year the
course scaffolds on this knowledge base by extending exposure to novel
technologies including robotics, cyber security, etc. The focus of this
paper is on the design and evaluation of the robotics project offered over
a six-week period. After the project a focus group interview with several
students provided feedback regarding their experience.

Keywords: Robotics + Project based learning - Learning tools
Arduino - JellyBeanBot

1 Introduction

During the exit year of study in the Information Technology (IT) degree offered
at the North-West University, students complete a project based subject module.
This module challenges students to explore new and unfamiliar technologies with
the purpose to prepare them for industry. Some projects are industry projects
provided by industry partners that are at times set up as a competition, with
scholarships or internships offered to the winning students. Other projects are
more focused on the introduction of new concepts such as mobile applications.
During 2017 the robotics interest group at the North-West University had the
opportunity to offer a six-week project course on robotics with the purpose to
expose students to the basic concepts of robotics. In this paper we describe and
discuss our experiences with this project.

2 Related Work

In education, robotics is applied in a variety of ways and for a multitude of
purposes [15]. Robotics may relate to education in one of two ways [15]: first,
robotics in education and, second, robotics for education. The latter refers to
robotics being used as an educational tool, whereas the first is goal orientated
using robotics to have fun while teaching something useful.
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Table 1. Core robotic concepts adapted from [2]

Core concept Sub-categories

Robotics and society History, application, manufacturing, ethics
Hardware Components, embodiment, mechanical design
Sensors/perception Distance/proximity, tactile

Types of error Sensors, thinking, acting

Planning/thinking/control schemes | Remote control, autonomous control,
feedback control, behavior-based control,
navigation, localization, mapping

Acting Actuators, motors, manipulators, wheels,
gears, kinematics, forward, inverse

Algorithms Conditionals, loops, interrupts

Inexperienced lecturers would sometimes shy away from teaching with tech-
nology, because they are not aware of its uses and abilities [10]. Unfortunately,
such inexperience not only limits the use of technology in education and robotics
for education, but also poses a problem for robotics in education; since the inabil-
ity to use technological tools forms gaps in the knowledge acquired by students.
Consequently they do not have the necessary opportunities to utilize new tech-
nology in their learning and therefore do not become aware of advances prevalent
beyond textbook theory.

With the intention to provide students with some background knowledge
regarding key robotics concepts, the facilitators of the robotics course have drawn
on the research of [2] who proposed a list of core robotic concepts: see Table 1.

In the robotics course of [16] at university, LEGO kits were used which culmi-
nated in a contest in the context of a predetermined theme. Students collaborated
with a peer with the intention to ease frustrations and challenges accompanying
working with hardware [16]. In a similar course for a high school [20], students
designed and produced a feature-rich programmable robot that would be robust
for hundreds of hours of use.

Arduino® includes software and hardware on a prototyping platform that is
electronics-based. The software is open-source and written in Java [23]; the hard-
ware is user friendly and usable in more than one context, making it attractive
to people working in interactive environments. The Arduino UNO includes the
following components: a microcontroller (ATmega328 microprocessor), a USB
to serial chip, and a DC power connector. An Integrated Development Environ-
ment (IDE) installed on a user’s computer allows such a user to program the
Arduino UNO. The IDE includes a number of features such as LEDs, sound, etc.
In Table 2, reasons are given for using Arduino as a learning tool according to
[8,11].2

! http://www.arduino.cc/.
2 https://massimobanzi.com/.
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Table 2. Reasons for using Arduino as a learning tool

Reason

Description

An active community of users exist

A group of people who uses the
Arduino microprocessor makes up its
user community. They act as support
when problems are encountered by
the newcomers in this community.
The expert users also guide the
development of the open source code
and hardware®

Developed in an educational environment

The Arduino micro-processor was
developed in the context of education,
keeping students in mind in its design

The hardware is affordable

The Arduino hardware is relatively
inexpensive, while designs are free to
obtain. Damaged components may be
replaced at a nominal fee. This allows
users to focus on tinkering

Hardware and software are both open-source

Given the free license for Arduino
hardware and software designs, users
may make changes and build circuits
without paying Arduino [13,14]

Based on the processing IDE

The development environment [19] in
the processing software was designed
to be easy-to-learn

Programmable via USB cable

With the absence of serial ports from
computers and the introduction of
USB cables, the Arduino board
becomes accessible outside the formal
laboratory environment [9]

It is a multi-platform environment

The Arduino IDE being written in
Java, it can run on various platforms,

including Windows, Linux and mac
OS X

*http://www.fastcolabs.com /3025320 /howarduino-is-becoming-the-worlds-social-

network-for-hackers-and-makers

In the work environment of computer science or information systems profes-
sionals one expects that problems need to be solved, and that in many cases
these problems would be complex problems requiring a group of people with
a variety of skills to solve the problem jointly. When imitating such scenarios
at university, project-based and problem-based learning (PBL) is well-suited. To
distinguish between the two approaches it is sufficient to say that problem-based
learning would center around individual study units, while project-based learn-
ing would integrate a number of study units (possibly all the study units) of a
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subject module [22]. The constructionist approach to PBL, where students work
in teams to solve open-ended projects large enough to challenge a group [7],
enables such students to acquire knowledge, learn skills, and build confidence in
their abilities. Cappelleri and Vitoroulis, for example, replaced a semester-long
robotics competition with project-based learning tasks stretching over one week
periods [4]. They found that this changed approach made the course easier to
manage and more enjoyable for their students [4].

The course offering reported on in this paper was building on the strengths
and knowledge of the studies mentioned above; with the guidance of one robotics
expert three facilitators offered the robotics course. The course culminated in
a competition to stimulate students’ interest; the course utilized a robot that
was built in-house to save costs. The students worked in groups to draw on the
benefits of project-based learning within a constricted budget.

A focus group interview (FGI) uses interaction to generate data [17]. Carey
elaborates by classifying FGIs as a group interview guided by a moderator [5];
questions are semi-structured, the setting is informal, and data are collected on
a focused theme. Various authors are not in agreement regarding the nature of
the data collected. For example [3] claims that data gathered may be qualitative
and quantitative, while [1] classifies data to be qualitative. This study aims to
hear the students and understand their experiences, relating to qualitative data
and an interpretive stance towards the topic under discussion.

The number of groups to be used in research is also a point of contention
among various authors. As many as 12 are suggested by [12], while [18] deems 10
to be mostly redundant. As a minimum, [21] suggests that four FGI are sufficient,
whereas [24] claim that there are no rules when it comes to the optimum number
of FGIs; one FGI may already be enough. The notion of ‘saturation’ [17] may be
of much value here, since it may guide each study accurately. In the study under
discussion the fairly small group of students and the invitation to students to
willingly participate resulted in one FGI.

The size of the focus group influences the actual discussion [6]. Fern found
that a larger group of eight tends to generate more concepts than a smaller group
of four [6], but he also poses that it is easier to manage smaller focus groups.
Therefore focus groups should be large enough to provide a sufficient number
of concepts [17], but also small enough to allow all participants to participate
freely. In this study a group of three students participated with one facilitator-
researcher and one researcher.

3 Setting

The aim of the study is to establish a formalized robotics subject module to be
offered as part of the I'T course. Towards this purpose a subject sub-module cov-
ering introductory robotics concepts along with a project, are suggested in this
paper. The offering was conducted during the first part of the second semester
of 2017. After the finalization of the offering students were invited to participate
in a focus group interview (FGI). The purpose of the interview was to learn from
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(b)

Fig. 1. (a) Robot used during the course. The playing field (b)

the student-experience and to gather data that may guide subsequent offerings
of the robotics project.

At the start of the FGI, participants were informed regarding the purpose
of the study, their privacy were assured, and they were allowed to ask ques-
tions. The moderators participated in the FGI along with the students, testing
their observations and opinions as well as guiding the conversation. Data were
gathered using an audio-recorder. The recordings were transcribed and analyzed.

A number of factors had an influence on the form the robotics project took on.
Within the confinements of the subject module, six weeks were allocated to the
robotics project. A strict budget was made available to attain the components
necessary to construct the robots to be used in the projects. The budget was not
sufficient to supply each of the 64 students enrolled for the module with his or
her own prebuild, ready to program, robot and students needed to form groups of
four members. Groups were formed by the facilitators based on students’ second
year Java marks to ensure groups include both stronger and weaker students.
As an example, the best Java student would form a group with the person in
the 16th position, the 31st, and the 46th. A large percentage of students from
the Vaal Campus, where this intervention took place, come from disadvantaged
families. For this reason, students were not expected to buy robots; the robots
were returned to be used in subsequent years. The intention is to extend the
number of robots to allow for future growth in the course, and accommodate
groups of at most three members and possibly only two in future offerings.

The set of robots that was constructed to be used in this course made use
of the Arduino platform which uses the Arduino Uno 3 as a microcontroller.
The microcontroller board were supported by a custom designed shield known
as JellyBeanBot. Two sensors were utilized as input for navigation purposes, a
3-line sensor and an ultra-sonic sensor, finally all this were fitted to a Romi-
Chassis which provided for a base for the robot, driving motors and wheels.
Figure 1(a) shows the complete robot used during the course.

Students were not allowed to remove the robots from the laboratory, and all
work needed to be completed in the 3h per week over the six weeks allocated
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to the offering. Initially classes were started with an offering of the supporting
theoretical concepts before students worked on their robots. During the last
few weeks only practical work were done during class time. With this being a
first offering, some teething problems were experienced. Initially the groups of
students were not allocated a particular robot and picked the next one upon
entering class, but slight differences between the robots posed a problem with
this strategy and from week 3 it was decided that a robot will be marked for the
use of a particular group.

The final objective of this project was for the groups to complete a playing
field. Successful completion awarded a project pass. The playing field included
the aspects of line following, object detection and object avoidance. Figure 1(b)
shows the playing field designed to be completed by each robot.

Although three facilitators were tasked with the responsibility of this offering,
only one had the expertise to acquire and build components, and to construct
the robots. This route was taken because of the substantial saving that realized
from constructing robots from self-bought and 3D-built components, instead of
buying prepared kits. Unfortunately, a difference in opinion among the facilita-
tors resulted in 16 groups of four students being formed, instead of 10 groups of
six students. This was suggested by the facilitator responsible for building the
robots, based on the available funding which allowed for acquiring the compo-
nents for only 10 complete robots. The extra six robots were to be assembled by
using old equipment from other robotics projects and courses stripped for parts
to be re-used in creating six robots similar to the 10 already acquired.

4 The Robotics Course

The aim of the robotics project was to introduce students to the novel technology
of robotics. The associated concepts that was covered, include micro-processor
programming, movement, object detection and object avoidance. Providing the
groups of students with a constructed robotic, moved the focus of the inter-
vention from being inter-disciplinary (including both engineering and computer
science disciplines) to centering on programmatically preparing the robot for the
tasks set out. The practical preparation and testing of a preconstructed robot
to follow a simple line with some obstacles along the way was the end goal of
the project. The six-week project subject sub-module is discussed subsequently.

The components included in the construction of the robot allow students to
use programming code to prepare the robot for its tasks on the playing field.
These components are listed, described, and shown in Table 3. The completely
assembled robot is shown in Fig. 1(a). The discussion of the design and assembly
of the robot is beyond the scope of this paper. The cost incurred in acquiring the
components are listed as well. It may be noted that the cost incurred for a similar
project is in the region of R1400.00; this compares favorably to off-the shelf kits
ranging between R2256.00 (AfrikaBot) and R5800.00 (LEGO Mindstorms EV3).

As a tool to guide student groups through the project, continuous assessment
was utilized since its initiation. Every week groups were required to submit the
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Table 3. Planned six-week robotics group project

Item and Cost

Description

Use

Arduino
UNO
Estimated
Cost: R179.40

The Arduino UNO is
a micro controller
based on the
ATMEGA 328 Chip.
The Arduino UNO
R3 was used

This is the brain of
the robot and needs
to be programmed
to execute the
programmers
commands

Romi-Chassis
Estimated
Cost: R447.35

The Romi-chassis is
a basic embodiment

kit

It includes basic
mechanical
components such as
motors and wheels,
making it an easy
setup to be used for
the course

JellyBeanBot
Shield
Estimated
Cost: R600.00

This shield is custom
designed and
developed by the
robotics expert as
facilitator to
facilitate easy

The board is use to
connect the
Romi-chassis motors
and the various
sensors to the board
for interaction with

interaction the Arduino UNO
Sensor The HC-SR04 is an | The sonar sensor
Ultrasonic - |economical provides a way of
HC-SR04 ultrasonic sensor. It |detecting the
Estimated provides a range for |opponent
Cost: R67.85 detection from 2cm

to 400cm of
non-contact
measurement
functionality

Line Follower
Module
Estimated
Cost: R28.75
(each, 3
needed)

This Infrared (IR)
reflective sensor
utilizes a TCRT5000
reflective optical
sensor to detect
color and distance

Infrared rays are
emitted and
returned to detect if
it reflects or not.
These sensors are
mostly used in line
following robots,
because this module
can sense if a surface
is white or black

code they generated, as well as a video clip of the accomplishments of their robot.
The facilitators used the code and videos to determine obstacles and bottlenecks
in the learning that took place that week. This action allowed the facilitators to
address these problems at the start of a subsequent class with the purpose to
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enhance the learning. In the subsequent sub-sections reference are made to these
components as they are introduced throughout the robotics offering.

4.1 Week 1: Introduction to Robotics

The objective of week 1 is to provide an overview of robotics, its place in soci-
ety and to introduce students to the Arduino UNO micro-processor board. An
overview on the functionality of Arduino UNO, focusing on the possibilities it
opens up for users are covered. Student are requested to reflect on possibilities
that are not available without using the Arduino micro-processor. Then they
are guided towards using the Arduino platform and the software associated with
the boards. The basic electronic concepts are discussed, along with what to do
and not to do in robotics, as well as tips and tricks. The basic concept of input
and output are discussed. An important focus during this session is on the com-
munication and coding of the Arduino UNO by using a USB-Type-B cable and
the software downloadable which students had to download from the Arduino
website. In addition to introducing concepts from a theoretical point of view, the
project groups are formed and a shield, the Arduino experimentation shield, are
introduced to students to facilitate the interaction with hardware. The shield
(see Fig. 2) is a simple interaction interface that was developed and used in the
first year IT extended undergraduate course. This shield features three buttons,
10 LEDs, a variable resistor, two servo motor output pins-sets, and a buzzer.
Project groups are prompted to interact with the hardware by being tasked to
illuminate a light-emitting diode (LED) by means of the push of a button. Also,
for each subsequent button push, another LED should light up.

4.2 Week 2: Motor Functions

The objective of week 2 is to provide an overview on movement functions asso-
ciated with robotics. Therefore, the focus is on motors responsible for enacting
movement. Three types of motors are introduced, namely stepper motors, direct
current (DC) motors and servo motors, covering the requirements, functional-
ity, advantages and disadvantages of each. Students were also introduced to the
JellyBeanBot shield, its functionality and how to utilize it correctly. From an
implementation point of view, project groups are challenged to do the coding
necessary to direct the motors to move around the outer skirts of a playing field.
The same playing field to be introduced in week 4 is used, but students use the
outer border of the field to practice on. This red outer border can be seen in
Fig. 1(b). The objective of this challenge is to show students that without the
use of sensors, navigating a straight line or making a 90-degree turn is not sim-
ple. Furthermore, students should understand that not all hardware components
such as motors are created equal and therefore differences may arise between the
same models of a motor.
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Fig. 2. Arduino experimentation shield

4.3 Week 3: Sensors

The objective of week 3 is to introduce two sensors, the line sensor and the ultra-
sonic sensor to project groups. Line sensors enable a robot to navigate around
a field, while a sonar-sensor detects obstacles with the purpose to avoid them.
After week 2 students should appreciate the value of using sensors as a means to
orientate and navigate a robot successfully. The project group challenge for this
week is similar to that of last week, but this week the groups are to make use
of line sensors to follow the black line all around the playing field. In a separate
task students have to use the ultrasonic sensors to avoid the wall by remaining
30 cm from it, while moving perpendicular to it.

4.4 Week 4: The Playing Field

The objective of week 4 is to introduce the complete playing field (Fig.1(b))
to the students. Time is also spent on the expectations regarding the successful
completion of the line-following on the playing field, as well as obstacles to be
identified. The playing field requires the robot to follow the black line diligently,
and at indicated instances (Fig.1(b)), stop to perform an action, specifically
to avoid an obstacle, this allows interaction with the ultrasonic sensor intro-
duced during week 3. From an implementation perspective, at this point, groups
are familiar with all components and are allowed time to refine their program
through practice during this session.

4.5 Week 5: A Working Robot

No new concepts are introduced at this point and project groups are using the
time to test and refine their robotic system. Since robots are not allowed out-
side the robotics laboratory, groups requested additional time in the laboratory.
This additional time was provided by utilizing a smaller laboratory. Students
could sign out their robot and returned it after the session. The following rules
and penalties were communicated to the students in preparation for the final
evaluation of the project:
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Fig. 3. Average results per assessment task

— Robot starts with a 5s delay.

— Robot must follow the line to the end of the course (except at the wall and
at task 1).

— Robot must stop dead at the end of the course with no movement afterwards.

— The course may be restarted only once.

— Any robot available to the class may be used, but each group’s code needs to
be implemented.

— Any group found using another group’s code will be deemed as plagiarism.

— Code uploaded to the robot should be done with at least one assessor present.

— Time limit per group to complete assessment is 10 min.

— Every robot touch is a penalty.

— Removing the wall is a penalty.

4.6 Week 6: Game Time

The last class is allocated to the final assessment of the programming code. This
is done on the playing field, performing the explicit tasks (such as following the
line and avoiding obstacles) and implicit tasks (induced by the playing field, the
rules and penalties introduced). Marks allocated are indicated in brackets. The
assessment schedule is shown in Table 4.

The graph in Fig.3 shows the average percentage of each task completed.
It shows that the line following task as the main outcome of the project had
the highest success rate. However, task two, object avoidance, were the least
successful. From the assessment of all groups only one of the 16 groups failed
the project (pass rate 93.5%) and the average mark obtained was 72.25%.

5 Discussion

At the end of the second semester the students were contacted and invited to
a FGI. Six students indicated that they would participate in the FGI, but only
three attended. The session was moderated by us. With the first cycle of anal-
ysis a coding table was compiled. Table5 shows the suggested codes and its
corresponding descriptions.
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Table 4. Assessment schedule

Achieved Partly Not achieved
achieved
Complete circuit
Explicit task 1: Lost the line at |Lost the line | Could not
Line following one turn several complete the
only (8) occasions (5) |circuit at all (2)
Explicit task 2/Implicit|Both targets One target | No action (0)
task 2: reached (2) reached (1)
Stop at two indicated
black blocks
Isolated implicit tasks
Implicit task 1: Avoid the wall | Avoid wall No action (0)
Wall avoidance successfully (2) |but fails to
find line (1)
Implicit task 3: Stop and move |Stop or move | No action (0)
Stop at and/or avoid around around
object object (2) object (1)
Implicit task 2: Successfully Stops at No action (0)
Stop at line for 5s stops at black |black
block for 5 block (1)
seconds (2)
Time limit
Complete the circuit Complete Complete >4 min (0)
within time limit within within
3min (2) 4min (1)
Team spirit & documentation
Documentation Complete (2) |Limited (1) |No action (0)
Team spirit Enthusiastic, Not everyone | No action (0)
everyone did is enthusias-
their part (2) |[tic (1)

It should be noted that since one FGI was conducted, only one discussion is
analyzed. This fact realizes the manifestation of short discussions on issues that
are not brought up more than once. In some cases, a challenge (as an example)
is mentioned, all participants agree, and the discussion moves on to a next topic
of discussion. Also, every participant is cognizant of what all other participants
says. In some limited instances, an issue will be discussed more than once, in
different contexts. These multiple conversation threads are all listed.

The small group did facilitate all participants to actively take part in the
discussion. In addition, from the discussion it was clear that discourses took
place during the robotics project offering, since participants mentioned chal-
lenges and issues that was not necessarily their own experience. For each of the
eleven codes identified in Table 5, a representative response is also listed with the
responsible participant (P;) mentioned. The participants are numbered, where
P1 is the researcher-moderator who was not part of the facilitation team, P2 is
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Table 5. Encoding and description of FGI responses

Code

Description and responses

Group formation < STU:GF>

How groups were formed and the experience of participants regarding
group formation: P3 = We would also prefer it if we could choose our
own groups. I think it would have been a better experience if he had ten
complete fully functional robots and siz members in a group. It would
have been a better experience, because there is not a lot of us third years
here. I've heard enough of everybody complaining about the robots. Some
of them are not working as they should, etc.

Team work < STU:TW>

How well groups of students worked together in their teams: P5 =
If you tell group members they should help you with this and they never
come up with a solution: I feel like they were not committed to the project

Reflection < STU:R>

Students reflecting on the success of their implementations: P5 = We
tested our code before we presented. Obstacle avoidance, read with num-
bers, sensors. After the facilitator placed the instrument to measure the
speed, our robot ended up seeing those as objects and tried to avoid them:
that’s why it couldn’t go through the line. So I think the manner in which
we coded the application was where the problem lies. I feel if we did know
those objects were going to be placed there, we could have found a solu-
tion to avoid those and not recognize the speed measuring instrument as
an object

Laboratory access < STU:LA>

Students were not allowed to take robots out of the robotics laboratory,
their feedback regarding this limitation: P5 = Because of this, we only
got to work with them while we were on campus

Hardware malfunction < STU:HM>

Identification of hardware malfunctions: P5 = Our sensors were not
working, or we could not find the right pins or where they are connecting

Time constraints < STU:TC>

The time-constraints experienced with the project: P5 = If there were
enough robots and they would let us work not only on Mondays, I think
we could have accomplished a lot more with our project. We only found
out late that there was extra time to use

Variety of robots < STU:VOR>

Project groups were receiving any robot at each subsequent class, while
robots differed which implied that the work done during a previous
week needed to be revised: P3 = I did not like the fact that some robots
had more on it than the others. Some of them had extra boards on it,
which I'm not exactly sure what for. On the top left side there was that
little board that restricted your view of the sensors or your sonar

Higher-orderthinking < STU:HOT>

Challenging concepts encountered in completing the project: P3 =T
would have liked if we created the groups and build your own little robot.
The group knew the wiring and exactly how to do it, because if you know
how the circuitry works the coding is easy. In our group, one time we used
a mobile battery pack on it to get it to work

Job opportunity < STU:JO>

A robotics job opportunity presented itself: P4 = I think robotics should
continue, because as I can say right now yesterday I went for an interview
and it was for a robotics company, so I think it has an advantage for us

Coding < STU:C>

The experience regarding the coding, the main focus of the interven-
tion: P38 = I did learn that there are about ten different ways to just code
line-following

Learning < STU:L>

According to the participants, did they learn, and how well? P3 =1
learned sort for the first time, that was kind of fun

the researcher-moderator who was the facilitator who acted as robotics expert,
whereas P3, P4 and P5 represent the student participants.
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