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Preface

The IFIP TC3 Open Conference on Computers in Education (OCCE) 2018 was held in
Linz, Austria, from June 25-28, 2018, with a doctoral consortium event held on June
24, 2018. Participation was truly international, with contributions from authors ranging
from Armenia to the United Kingdom, from Botswana to Taiwan, from Colombia to
South Africa, and from Kyrgyzstan to New Zealand. In total, lead authors came from
31 countries, across five continents.

In total, 63 papers were submitted to the conference (all subjected to double-blind
review by two independent reviewers), 35 were submitted for consideration for this
post-conference book (with 18 subjected to a second round of double-blind review by
two independent reviewers), and, following these later reviews, 27 were selected and
accepted. On average, with 162 reviews undertaken in total (independent of reviews by
the editors), each of the 63 papers were subjected to 2.6 reviews, and each of the 27
selected papers were subjected to 6 reviews. We are delighted to present the outcomes
of the research undertaken by these 27 authors and their collaborators in this volume.

The conference theme “Empowering Learners for Life in the Digital Age” drives our
attention to the increasingly urgent need to allow each citizen to be able to face a
society dramatically changed by technological evolution. Such a broad topic can be
addressed in different ways and with different perspectives, which means that not only
new skills and abilities are to be identified and addressed, but that the learning
environment as a whole is to be reconsidered and questioned. In essence, the
relationship among learners, digital tools, and knowledge is not simple and direct, and
must be approached in a critical way with due consideration for the complexity of the
underlying processes. The contributions that have been selected for this book discuss a
number of key emerging topics and evolving practices in this area that have been
divided into seven sections. These sections focus on: computational thinking;
programming and computer science education; teachers’ education and professional
development; games-based learning and gamification; learning in specific and
disciplinary contexts; learning in social networking environments; and self-assessment,
e-assessment, and e-examinations.

Section 1 - Computational Thinking. As a background to this topic, and from a
thorough literature review, Bollin and Micheuz offer a debate on computational
thinking from two complementary perspectives—that of an Austrian teacher and that of
software engineer—each reflecting on their personal expertise. They conclude that
computational thinking can be considered as a cultural technique, which leads to a
refined working definition. Considering the relationship of computational thinking and
problem-solving skills, Eickelmann, Labusch, and Vennemann describe how a
large-scale study compares students’ competences in computational thinking (CT) with
the underlying conditions of acquisition at an international level. The data are provided
by the International Computer and Information Literacy Study 2018 (ICILS 2018), and
they discuss how these competences will be compared with students’ problem-solving
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skills through a German national extension to ICILS 2018. Considering another related
skill area, Kadijevich, in a theoretical paper, examines how data modeling using
interactive displays may cultivate CT practices across a range of school subjects. The
author states that, while working with data is not explicitly mentioned in some CT
definitions, such practices might enable a range of CT needs, such as abstraction,
decomposition, and pattern recognition. In terms of students using computational
thinking skills, Fluck, Chin, and Ranmuthugala report a study of students aged 12
years, who mastered computational thinking in mathematics (integral calculus) through
use of multi-media learning materials and specialist mathematics software, demon-
strating ability commensurate with university engineering students.

Section 2 - Programming and Computer Science Education. Programming and
computer science education continue to be integrated into compulsory education in
many countries. Kelter, Kramer, and Brinda have investigated teachers’ perspectives
about some popular learning and programming environments used in secondary
computer science education in Germany. Contrary to outcomes reported in prior
studies, they have showed that teachers do not see the editor as a key identifier of
difference, while student-friendly debugging messages as well as a step-by-step
execution of programs were identified as important features, with a clear favorite being
Bluel. Considering different ways that students might be assessed in terms of their
computational thinking skills and practice, Matsuzawa, Murata, and Tani compared
three testing methods (programming testing, traditional paper testing, and Bebras
Challenges), finding that there was a clear correlation between outcomes assessed using
the Bebras Challenge and actual programming. The development of programming and
computer science across age ranges is also leading to the development of innovative
methodological approaches. Djelil, Muller, and Sanchez investigated programmer
behaviors when beginners interact with a programming microworld. They developed
and used an innovative methodology that considered an analysis of learners’ attitudes,
rather than collecting learners’ points of views or observing their score progression by
means of knowledge tests or questionnaires. Also from a methodological perspective,
Pasterk, Kesselbacher, and Bollin present a description of a semi-automated approach
to categorize learning outcomes of computer science-related curricula into the two
categories of computer science (CS) and digital literacy. Using this system, they
showed high levels of match between learning outcomes classified by this approach
and those classified by experts in the field.

Section 3 - Teachers’ Education and Professional Development. The integration of
computer science and computational thinking into wide age ranges across education
will clearly depend upon the development of skills and practices in the teaching
workforce. McLeod and Carabott’s study of pre-service teachers in an Australian
university explored whether the information and communications technologies
(ICT) content was appropriate in preparing them to implement the national curriculum.
They found that it did not meet all their needs, challenging assumptions being made
about digital competence, and recommended that universities review their expectations
of digital competence and how to address these in teaching ICT in teaching degrees. In
another country context, Tosato and Banzato’s exploratory study investigated
self-efficacy beliefs, intrinsic motivation and perceived efforts of a group of teachers
from Italian schools who, on a voluntary basis, engaged in a 20-hour workshop on CS
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teaching. They showed that there was a significant improvement in self-efficacy,
despite the teachers’ perceptions of needing to commit high levels of effort to master
the subject content. Considering how teachers can develop and integrate ICT-based
resources into their teaching, Yiannoutsou, Otero, Miiller, Neofytou, Miltiadous, and
Hadzilacos report their development of a decision-making system to support teachers in
appropriating innovative scenarios that employ uses of ICT for teaching and learning.
The system enables them to select, decompose, combine, enact, and revise different
resources, and the authors’ study investigated how teaching objectives can make use, or
not, of the potential of digital technologies. In terms of teachers developing online
courses, Haugsbakken and Langseth describe and conceptualize the outline features
and processes of an infrastructure for organizing their production in continuous and
further education. This consists of a network of employees with complementary
competences (technical, pedagogical, and multimedia) to coach, mentor, and support
educators through the entire online course production process, working in designated
teams. Considering teaching, its development and its quality, Reci and Bollin report
how their study is considering teaching as a process, and how they are looking at
existing approaches to assess teacher maturity. They introduce the idea of a teaching
maturity model (TeaM) for school and university teachers, and offer the results of a
pilot study testing its usability and acceptability with informatics lecturers in one
university.

Section 4 - Games-Based Learning and Gamification. Games-based learning and
games-based resources are both aspects that continue to emerge in the field, and they
are being explored through a range of research perspectives. Holvikivi, Juurola, and
Nuorteva describe an innovation platform development for the co-creation of serious
games, offering modes of collaboration for schools, universities, citizens, and
companies, based in three universities and two science centers in Finland. From their
findings, they offer recommendations for best practices in universities to find efficient
ways of implementation when developing serious games. In terms of using games
within educational contexts, Sanchez, Paukovics, Miiller, Kramar, and Widmer report
an empirical study carried out during a museum school visit, aiming to understand the
influence of a game on students’ conduct in the museum. Their findings have led to the
identification of different conducts and situations performed by students, depending on
their gameplay. In terms of teachers using games, Bonvin, Sanchez, Champin, Casado,
Guin, and Lefevre report a study of how a digital role-playing game allowed teachers to
create teams. They assessed to what extent the game fostered students’ engagement and
showed that social engagement varied across time and gender, which seemed to be
linked to specific features of the game and how it was played. Concerned with similar
student interaction intentions, Ehlenz, Leonhardt, and Schroeder present a multi-touch
learning game (MTLG) framework, designed to support cooperative, collaborative, and
competitive interactions, and they show how a user-centered learning analytics data
model could gather results, which led to the identification of challenges and lessons
learned.

Section 5 - Learning in Specific and Disciplinary Contexts. Researchers continue to
explore the ways in which existing and emerging technologies can be used to support
learning in different contexts. In the context of English language learning in the United
Arab Emirates, AlOkaily reports a case study exploring uses of a specific learning
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environment, integrating a dubbing project designed and implemented in an English
language listening and speaking course. Utilizing students’ mobile devices for anywhere,
anytime learning, students produced videos, which were entered in an internally
organized competition; as a result, they demonstrated high levels of motivation, increased
learning, confidence and sense of achievement, and pride in their resulting work. In the
context of second language learning in Norway, De Caro-Barek studied the making of
massive open online courses (MooCs) in a second language. Findings highlighted the
need for course developers to critically look at how to build more innovative and
interactive language MooCs within the framework of self-instructed courses using new
convergent technologies such as Web real-time communication (WebRTC). In the
context of school students aged 12—13 years learning biology in the UK, Webb, Tracey,
Harwin, Tokatli, Hwang, Barrett, Jones, and Johnson report a study investigating whether
the addition of haptics (virtual touch) to a three-dimensional (3D) virtual reality
(VR) simulation would promote learning of key concepts. They concluded that there were
significant knowledge gains, but no significant differences between the haptic and
non-haptic condition. In the context of university students in Austria and Slovakia,
Mujkanovic and Bollin report a study evaluating the extent to which it is possible to
enhance student group outcomes by systematically reconstructing the groups of students.
They found statistically significant improvements of outcomes for those groups that were
systematically constructed.

Section 6 - Learning in Social Networking Environments. Learning using social
networking environments continues to be an area of research study. Considering
different social networks that might be used, Katz reports a study where three similar
groups of students were enrolled in an ‘Introduction to Ethics’ course, exposed to either
Facebook-based, WhatsApp-based, or Twitter-based delivery of ethical concepts on
their smartphones. The author found that the WhatsApp, and to a lesser extent,
Facebook students, were associated with higher enhanced achievement and positive
feelings toward their delivery platforms compared with Twitter students. In terms of
knowledge sharing using a social networking environment, Haugsbakken reports a case
study of how a county authority in a Nordic country implemented an enterprise social
media platform. The author found that when a group of employees tried to make sense
of the practice of sharing by reflection-on-action, they interpreted sharing as an
informing practice, resulting in information-overload and disengaged users.

Section 7 - Self-Assessment, e-Assessment, and e-Examinations. An emerging area
of practice development and research study concerns uses of technologies for
self-assessment, e-assessment, and e-examinations. In the context of developing an
ICT-based method for the self-assessment of ICT skills, Voikova, Cernochova, Selcuk,
Hrabék, and Krélova report a pilot study exploring uses of anchoring vignettes in the
analysis of Czech upper secondary school students’ self-assessment of ICT skills. They
conclude that the enhanced research method they used, based on anchoring vignettes,
could be used for further studies, as they found high variability of the use of scale by
respondents in their self-assessments. In terms of using technologies for e-examination,
Hillier and Lyon report a study investigating students’ perceptions of a bring-your-own
(BYO) laptop-based e-examination system trialed in an Australian pre-university
college in geography and globalization. They found that many of the typists were
taking a computerized supervised test for the first time and concluded that there is a
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need to ensure adequate support for students who might not be all equally prepared for
the computerization of high-stakes examinations. In a follow-up paper, they report
students’ expressed strategies, habits, and preferences with respect to responding to
supervised text-based assessments. They conclude that there was significant alignment
between preferred writing strategies and choice of text production method, but that
grades achieved between typists and hand-writers did not differ significantly. In terms
of student perceptions of e-assessment, Kiippers and Schroeder report findings from a
survey, with evidence gathered from several higher education institutes. They found
that students seemed to be open-minded regarding e-assessment, but that there was a
need to completely convince the students of opportunities offered by e-assessment that
would go beyond those offered through uses of more traditional media.

The varied mix of papers presented in this book shows some of the many
perspectives and addressed topics that characterize educational computing research.
These trends can give an idea of the opportunities offered by ICT to improve teaching
and learning processes but also highlight how the integration of ICT in education is
neither straightforward nor simple, as it leads to increasing organizational and
management complexity. This raises the question of how innovative experiences and
studies can be transferred on a wide scale and which systemic changes not only in
educational practices but also in educational policies can support effective innovation.

Last but not least, we would like to thank the organizers and Program Committee
members of this conference for enabling this range of important contributions to
become accessible to us, and the reviewers for their thorough and insightful comments
that have enhanced the quality of the papers. Primarily, of course, we thank the authors
for their commitment and dedication, in providing us with a wide range of comple-
mentary perspectives that brings knowledge in this field to our attention, and highlights
the contributions that researchers are making in this field.

May 2019 Don Passey
Rosa Bottino
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Computational Thinking on the Way
to a Cultural Technique

A Debate on Lords and Servants

Andreas Bollin®® and Peter Micheuz

Universitdt Klagenfurt, Klagenfurt, Austria
{Andreas.Bollin, Peter.Micheuz}@aau. at

Abstract. Based on a thorough literature review and on personal expertise in
different areas of computer science (education) fields, we reflect and debate on
computational thinking from different perspectives. One is that of an Austrian
teacher who is confronted with a curriculum for a new subject called ‘Basic
Digital Education’, with computational thinking as an explicit part of it. The
other view is that from a reflective software engineer with a holistic perspective
on computational thinking and concrete ideas about its limitations. The debate
concludes with an agreement on computational thinking as a cultural technique
and a mutual approach to a refined working definition.

Keywords: Computational thinking - Computer science * Life-long-learning -
Engineering - Curriculum development

1 Introduction

In an interview with the German “Siiddeutsche Zeitung” at the end of January 2018,
Armin Grunwald, head of the Office of Technology Assessment at the German Bun-
destag, said that if “we just have to work to run after the technology, then something is
wrong. Hegel has already put this in a nutshell, with the relationship of master and
servant... The more the Lord relies on his servant, the more dependent he becomes on
him” [1]. Indeed, for decades, educators (and politicians) have had to deal with the
question of what to teach and how to be able to produce (or perhaps guarantee)
politically mature and technologically up-to-date people. But, what does this mean in
the context of current developments: robots, drones, artificial intelligence, smart
devices and, not to forget, the Internet of things and smart homes? Is digital education
following a scattergun approach?

With the publication of a CACM viewpoint article about computational thinking
(CT) in 2006, Jeanette Wing popularised the idea of a new fundamental skill used by
everyone in the world by the middle of the 21* century [2]. She defined computational
thinking as “the thought processes involved in formulating a problem and expressing
its solution(s) in such a way that a computer — human or machine — can effectively
carry out”. In the Godel Lecture at Vienna University of Technology on June 9 2016,
she also shared many examples of where to find computational thinking aspects in
different disciplines, be it economics, law, healthcare or geosciences. So, together with
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introducing computer science to our classes, do we have a silver-bullet for dealing with
today’s challenges?

In her 2006 seminal paper, Wing did not primarily think of computational thinking
in primary and secondary education [2]. It was not foreseeable which worldwide
avalanche has been set off by her, especially among educationalists and teachers.
Maybe it goes too far to refer to it as a hype. But if not, it could be a worthwhile
endeavour to show that Gartner’s Hype Cycle can even be applied to this phenomenon,
with the peak of inflated expectations being apparently behind us. Currently, we find
ourselves at the slope of enlightenment, in the form of reasonable and viable definitions
of that all-in-all still fuzzy term. Reviews on existing literature strengthen some core
concepts of CT: logical and algorithmic thinking, decomposition, generalisation and
pattern recognition, modelling and abstraction [13].

CT is seen as a fundamental set of mental skills used by everybody, as fundamental
as reading, writing and arithmetic [12]. Martin describes CT simply in a few words: “It
is about connecting computing to the world” [9]. Moreover, it seems to be widely
accepted that coding is an indispensable part of CT [10]. It is seen as an aid to learning
software development [11], and is thus coupled with software engineering [20, 21].

The list of publications in the context of CT is amazing. But, even more surprising
is the fact that the debate about “How much of computer science and computational
thinking should be taught?” is camouflaged by the support from technology enthusi-
asts, industry, and politicians. So, though there are numerous different curricula and
definitions of computational thinking around [3-7], there still is no common under-
standing about how far we need to go. This paper, therefore, tries to answer the
question of what computational thinking (also at primary and secondary schools) is,
and elaborating on it closer, what it is not. We try to approach the border between
computational thinking (as a set of skills that is needed due to contemporary demands,
addressing the characteristics of a new cultural technique) and the skills of an engi-
neering education that are needed by professionals.

The idea behind this paper was born during a trip of the two authors from Kla-
genfurt to Vienna, where we were trying to define computational thinking in the
Austrian context. Both authors have years of teaching experience in computer science,
but the first author has a strong engineering background, whereas the second author is
involved in political discussions, adapting the school system in Austria for many years.
It seems natural to us to approach this topic in the form of a debate, where statements
are presented and redefined along the discussion, finally coming up with a reliable
definition of the border between CT and not-CT.

2 A Debate on CT in the (Austrian) Educational System

“Basic Digital Education” is the name for a new subject which will be introduced in all
Austrian lower secondary schools beginning in the school year 2018-2019. There is
one curriculum covering four years of lower secondary education (age groups from
10-14 years) and encompassing eight main topics:
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Social aspects of media change and digitisation
Information, data and media competence
Operating systems and standard applications
Media design

Digital communication and social media
Security

Technical problem-solving

Computational thinking

Obviously, these topics stand for a broad curriculum, which encompasses digital
competence, media competence, and political competence as well. Digital competence
in particular is expected to empower pupils, based on a comprehensive overview of
digital tools (hardware and software), for coping with certain scenarios in educational,
vocational and private contexts in a reflective manner.

At first sight, informatics (computer science) does not play a prevalent and visible
role. Media pedagogy and digital literacy are apparently better represented than core
informatics. At a second glance, computer science is represented explicitly as CT. This
term has not been translated into the German synonym “Informatisches Denken” and
appears in the curriculum as the (global) driving force for implementing elements of
core informatics into a seemingly overcrowded curriculum.

Table 1. CT in the Austrian curriculum for basic digital education [23]

Computational Basic level Advanced level 1 Advanced level 2
thinking (2 h per week) (+1 h) (+1 h)

Working with Pupils Pupils Pupils

algorithms — name and describe — discover similarities — can evaluate

everyday processes
— use, build and reflect

and rules (patterns)
within instructions

intuitive user
interfaces and its

codes (e.g. secret (algorithms) underlying
writing, QR-Code) — discover the processes
— reproduce distinct importance of
instructions algorithms in
(algorithms) and carry automatic digital
them out processes (e.g.
— formulate distinct automated proposal of
instructions verbally potentially interesting
and in written form information)
Creative use of | Pupils Pupils Pupils
programming — produce simple — master basic — reflect the
languages programs or web programming boundaries and
applications with structures (decision, options of
appropriate tools to loops, procedures) simulations

solve a problem or to
complete tasks

— know different
programming
languages and
production processes
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All topics of the curriculum are divided into further subtopics and detailed com-
petence descriptions and learning goals. The main topic CT is split into a basic and
advanced level (see Table 1 for more details).

For the first time in the history of computing education in Austria, all lower
secondary schools — “some” teachers and all pupils — are exposed to a binding cur-
riculum wherein computing, algorithms and programming play a more or less clearly
defined and specified role. Digital education in general and CT in particular are no
longer optional for a special cohort of pupils, but obligatory for all. It would be too
much to go into the details of the challenging organisational issues required to
implement the curriculum. All there is to say about it is that within the framework of
school autonomy, schools can change the number of hours within a certain range. They
have to decide autonomously to introduce the curriculum for ‘Basic Education’ as an
independent subject (2 to 4 h per week, which means an assumed 64 to 128 h of
lessons) within 4 years, in a completely integrative way in other subjects (64 to 128 h)
or all hybrid forms between these extremes. But independent from the justified question
of how to cover all topics, with, all-in-all, over one hundred learning goals in a very
limited time, the main questions are: to what extent is the Austrian definition of CT in
line with international views among experts including scientists and teachers, and does
it already answer the question of what CT is definitely not? The explicit topic CT in the
Austrian curriculum could lead to the assumption that it has nothing to do with the
other topics, like standard applications, technical problem-solving or security or even
media design.

2.1 Proper or Improper

The opening statement of A. Bollin: The article of Bocconi et al. [8] about computa-
tional thinking approaches and orientations in K-12 education brings us exactly to the
point: there are still different views on what computational thinking is. Some of them
include programming; some of them do not. For motivational reasons, curricula sooner
or later will introduce coding or programming in their lecture units. According to the
new Austrian curriculum, pupils should be able to produce simple programs or web-
applications and should know different programming languages. This seems to be in-
line with the current trend, but when it is not introduced for good reasons and correctly,
this is putting the cart before the horse.

In the vision of Wing, everyone should be able to use well-established techniques
that have been applied by engineers for a long time already. It is about formulating
problems in such a way that, maybe with the help of others (or even machines),
problems can be solved easier. Thus, it is not surprising that the problem-solving
activity includes logical reasoning, algorithmic thinking, abstraction, decomposition,
generalisation, pattern detection and languages (notations) for communication and
representing information. But, this is quite individualistic, and nowadays by far not
enough to solve larger (and more complex) problems. Missiroli et al. [14] thus suggest
combining computational thinking skills and team-based skills, as needed by software
developers, when developing software in an agile manner. Figure 1 summarises their
concept, combining problem solving and social skills to a new literacy they call “co-
operative thinking”.
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Cooperative Thinking
L]

Computational Thinking Agile values
Logical reasoning Communication Quality
Algorithmic thinking Decomposition Humanity ‘tal ity
Absuacnop Generalization Evaluation (:‘ourgge change Learning from
Representation Simplicity failure
Patterns Respect
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Problem Social :
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Solving eflection ( Skills ) (Evolunon) eflection

Fig. 1. Cooperative thinking as a combination of CT and agile development breakdown
(according to Missiroli et al. [14] and following Computing at School [15] and Beck [16])

So, when introducing programming, it should not be done to just to illustrate how
algorithms can be used and executed. We should not be dumb Lords. One should be
honest and state that nowadays it is about solving real-world problems. But, this then
includes more than just being able to write some lines of (computer-readable) text. It is
also about including some software engineering skills.

2.2 Step-by-Step

The follow-up statement of P. Micheuz: “The secret of getting ahead is getting started.
The secret of getting started is breaking your complex overwhelming tasks into small
manageable tasks and starting on the first one.” This little-known quote from poet Mark
Twain on problem-solving can be seen as a remarkable historical precursor, long before
CT began to rack the brains of thousands of educational experts in the field. Every
software engineer working on solving so-called real-world problems in teams, and with
the aid of digital tools, has learned “simply to go” by practicing and internalising basic
concepts and, to a reasonable extent, also some (especially among many education-
alists), disreputable rote learning. There is another quote, “He who wants to build high
towers must dwell with the fundament for a long time” from the Austrian composer
Anton Bruckner. It supports the truism that CT as a cultural technique needs an early
beginning, a coherent and sustainable construction of skills and competences in the
form of a spiral curriculum.

Looking at the ambitious and overloaded curriculum, with CT as a comparatively
small part, and even under the assumption that motivated and CT-proven teachers
follow the intended curriculum, it is rather unlikely that all pupils can meet all goals of
the whole curriculum in 64 to 128 h of lessons within four years.

It is self-evident that CT for primary, lower/upper secondary and tertiary level
(must) have different characteristic forms. I can live with the fact that advanced aspects
of software engineering and bigger projects should play a role, at the earliest, at upper
and tertiary level, but for primary and lower secondary level that would go too far.
Nonetheless, cooperative thinking, or better, cooperative acting, can be harnessed as a
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valuable general teaching method, especially in programming and CT-related lessons.
I doubt that software engineering in its full definition is an adequate term for lower age
groups. That would overstrain teachers who are already struggling with CT, but willing
to undergo professional development in that field. But, often things are not as bad as
they seem. From this perspective, the fact that CT lacks a precise definition must be
considered predominantly an advantage, as it is scalable and adaptable for various age
groups and even interdisciplinary implementations.

The explicit learning goal of producing (simple) programs confronts Austrian
teachers and pupils with a fait accompli. CT in the new curriculum covers more than
mere algorithmic thinking, but less than dealing with (complex) real-world problems.

2.3 Past and Future

The follow-up statement of A. Bollin: Interestingly, history is repeating. The intro-
duction of spreadsheets decades ago led to a situation where every user was using
sheets without noticing that he or she was (and is) in fact programming [19] (and not
following quality standards a software engineer would naturally follow). Debugging
aids for spreadsheets are getting better nowadays, but still a lot of erroneous spread-
sheets are around, forming the basis for (private as well as industrial) disastrous
decisions. We should not educate pupils in a way where oversimplifications potentially
lead to a misuse or misunderstanding of reality.

The “proper or improper” claim does not mean that even more skills are to be
packed into the tight schedule in schools under the umbrella of computational thinking,
but it is a hint toward a problem that we are running into. In one work, Hermans and
Aivaloglou [17] show that using block-oriented languages (which are quite often
chosen for novice programmers) dramatically hampers learning programming later at
universities. Without taking care of software engineering practices from the beginning
(as examined in their paper), a lot of effort, time and resources are needed to produce
the engineers that the industry is longing for. Now, not everybody will (and should)
strive for a career as a (software) engineer. But, this is not a reason for showing
programming in a way nobody ever would and should program. The problem focus and
the context are missing, and in our classrooms, we continue having a lot of bored
pupils.

This viewpoint is partially also supported by neuro-didactic findings: people have
enormous difficulty learning when either parts or wholes are neglected. Hence, the
learning brain needs the whole and the details; it requires both a big picture and paying
attention to the individual parts [18]. In our case, the real world is needed, and the
individual parts could be programming tasks or the meaningful use of technology.

To me, programming already is part of the engineering discipline, and CT covers
parts of the skills an engineer needs to successfully solve problems and to create
something new. Sure, for didactic reasons, one might start to introduce small programs
to show the application of CT techniques in a bigger context. It is also clear that one
has to start step-by-step. But, as another comparison with a cultural technique shows,
when we start learning to read, we do not stop after recognising the letters. We continue
with combining the letters together and with learning to recognise syllables, words,
etc., until we reach some level of proficiency.
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To summarise, when defining programming as not being part of CT, then we
definitely should add computer science (and software techniques) to our curricula in
order to show the whole picture. When we say that programming is part of CT, then we
should not do it in an inappropriate (context-neglecting) way and need to add more
hours to our syllabi. It also means investing more resources and training our teachers
(including all the lecturers at universities) accordingly. This is the only way that pupils
(and parents and teachers) will responsibly know why to decide either for or against a
technical study or technique-related working place later on. It is also the only way to
keep technological change being the servant and not allow it to take over.

2.4 In the Right Place at the Right Time with a Sense of Proportion —
P. Micheuz

The final statement of P. Micheuz: Digital education in its full complexity will remain a
big challenge in traditional formal educational settings. So will the recent decision from
an expert group to embed CT explicitly into the Austrian curriculum. It does not solve
the problem of age-appropriateness and does not even guarantee dedicated lessons for
computing. It transfers the responsibility for its implementation - to what extent and at
which age level - to schools and teachers. In contrast to traditional subjects such as
language education and mathematics, the drivers of the main cultural techniques of
reading, writing and arithmetic, currently CT cannot rely on sequenced and coherent
age appropriate lessons. Accordingly, there is legitimate concern that within 4 years of
lower secondary education, CT will not be taught properly. It may be assumed that in
the initial phase of executing the curriculum of ‘Basic Digital Education’ in some
schools, CT will play little role.

Regarding the introduction of programming with a block-based approach (Scratch
or similar development environments), I am quite optimistic. The question remains
when to switch to the first steps of textual coding. As for today, the Austrian curriculum
for ‘Basic Digital Education’ has no answer for that.

It cannot be expected that (m)any teachers at this school level see the whole picture
of software development. Basic CT education with first steps in problem-solving,
algorithmic thinking and first programming experiences on a small scale should be also
feasible without having deep experiences in software engineering.

But even these first steps cannot be taken for granted. CT education for pupils
needs CT-educated teachers and professional development in that field on a large scale.
In the next years, nationwide measures in the form of pre-service and in-service
training in various formats will need to be taken.

3 A Working Definition of Computational Thinking

In the previous section, we tried to take two positions, one from the viewpoint of a
software engineer, and one from the viewpoint of teachers who need to make the next
generations fit for exciting technological changes and current threats. Now, we try to
converge and to find a working definition in the context of the Austrian situation and
with regard to CT as a cultural technique.
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3.1 About Cultural Techniques

When reflecting on cultural techniques, we think primarily of the cognitively most
fundamental cultural techniques of reading, writing and arithmetic, and of its lengthy
and laborious acquisition in dedicated school subjects. But, in our increasingly digitally
penetrated culture, there are demands for extended skills and competences as widely
elaborated in the Digital Competence Framework for Citizens [22].

If we accept CT as a new cultural technique, it might be helpful to look closer at
what a cultural technique really is. Cultural techniques are a set of skills, concepts and
competences that help human beings “function properly” in a given culture. They help
in dealing with tasks and solving problems in different situations of life, like making a
fire, using a calendar, or being able to communicate in social networks.

As cultural techniques are solution concepts for tasks and problems of human
beings, we have to be clear about current human needs (cf. Maslow’s hierarchy). In the
context of new technological demands and secondary education, this list of needs
encompasses being able to:

Communicate with others using state-of-the-art communication technology.
Search for, assess and work with available information.

Solve tasks in a sustainable manner with the help of new state-of-the-art technology.
Protect him- or herself against fraud.

Apart from these needs, which are well covered also in the new Austrian cur-
riculum for ‘Basic Digital Education’ (see Sect. 2), one also needs to know about the
limits of the solution concepts and being able to protect oneself from a misuse, so the
list has to be extended by:

e Knowing what computer science and software engineering is about.
e Being aware of potential limitations and side-effects.

Last, but not least, computational thinking definitely does not include the cultural
technique of typewriting or information technology (IT)-literacy such as using office
software and digital devices at a cursory level. And, it is rather unthinkable that there
are computational thinkers who are not fluent in harnessing computers, but it is quite
possible that fluent computer users are not yet educated computational thinkers.

With all these reflections in mind, one can give a quite crisp definition of what
computational thinking in secondary education is and what it is not.

3.2 A Working Definition

Computational thinking is a cultural technique consisting of a set of skills needed to
complete a task in a responsible, sustainable manner including problem-solving, evo-
lutionary and reflection steps. These steps encompass logical reasoning, algorithmic
thinking, abstraction, generalisation, decomposition, design/solution patterns, evalu-
ation techniques, and as computers might be involved in the solution process, different
representation forms. It also includes knowing about related disciplines like computer
science and software engineering. As such, it should be thought about to its fullest
extent, but in an age-appropriate manner, at the secondary level in Austria.
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Computational thinking is not about being able to work like a software engineer or
computer scientist. It is not necessarily about finalising (software) products in a cor-
rect, efficient and cost-oriented manner. It is also not about proving and searching for
algorithmic properties or creating new physical devices. But, it is knowing about the
limits of one’s own solution ideas.

Now, as our debate was also about programming and coding, it is up to the educator
to what extent to include programming languages (in graphical or textual form) to
motivate for a technique or skill. However, it is then his or her responsibility to make
the difference to software engineering clear. The implications for a teacher (and for
teacher education) are obvious: he or she needs to know more about computer science
and software engineering, as at least a portion of teaching CT is about teaching the
differences/boundaries to neighbouring disciplines.

4 Summary and Outlook

In this paper, we tried to further the approach to defining computational thinking,
reflecting on discussion among scientific and educational experts in the educational
field of computing. It stresses the fact that CT is at the border of engineering disci-
plines, and, when coding is involved, it is also close to the border of software
engineering.

More than a decade after the seminal work of Jeanette Wing [2], the wave of its
public perception reached Austria. Since computational thinking is an explicit part of
the new curriculum ‘Basic Digital Education’, it will be a starting point of many
discussions and debates.

The debate in this paper results in a working definition from the perspective of
software engineering and CT as a cultural technique, having in mind the limits and
challenges of school education in general and the introduction of a new subject in
particular.

We agree that CT in the way we see it must be considered an important cultural
technique in the 21* century. But, we are realistic enough to know that CT as imagined
in the heads of many educational experts, including our abstract working definition
above, still has a long and difficult way to go from the conception stage to its
implementation.

There is hope that its future will not be that of the term and subject of informatics in
Austrian lower secondary schools where, according to a very broad interpretation of its
definition, the subject informatics in Austrian schools created its own reality. Maybe a
reality with some CT-related parts were included, but from a vast majority of teachers
they were not realised as CT defined above. Only when carefully knowing the borders,
were we able to deal with current and future human needs. And thus, it is more likely to
keep the role of a Lord not being dependent on his or her (technical) servants.
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Abstract. Computational thinking has grown in importance in recent years as
an important key competence of the 21* century [1]. In order to equip students
for life in the digital age, it is necessary to enable them to acquire competences
in this area. In this context, there are a number of concepts of computational
thinking; and the curricular embedding of these competences in schools has
progressed to varying extents in educational systems [2]. What is therefore
required is a large-scale study that compares students’ competences in compu-
tational thinking and the underlying conditions of acquisition at an international
level, as provided by the International Computer and Information Literacy Study
2018 (ICILS 2018). In addition, to draw on well-proven problem-solving the-
ories and facilitate access for non-computer scientists, it is important to compare
these competences with students’ problem-solving skills [3]. This will be
accomplished through a German national extension to ICILS 2018 which, on a
representative basis at the national level, will enable comprehensive analysis of
this relationship. The purpose of the present paper is to introduce computational
thinking and problem-solving in the context of ICILS 2018. This study should
then provide a starting point for empowering students for life in the digital age.

Keywords: Computational thinking - Problem-solving + ICILS 2018

1 Introduction

In today’s knowledge and information society, competent handling of information and
communication technologies is indispensable in order to meet the diverse requirements
of the various areas of life. In this context, it is important that students develop the
necessary skills to use these technologies in their daily lives to allow them an active
and full participation in today’s digital age [4—7]. Based on research studies and on
recent developments, changes in the digital technologies themselves and changes in the
notions of the importance of digital skills, an understanding of the required skills and
competences has been expanded to include computational thinking [8, 9]. Since pub-
lication of Wing’s [10] influential article, in which she states her grand vision that
everyone should have skills in this field and be able to use them, computational
thinking has been the subject of research and scientific discourse. However, it also
assigns an important role to the school systems and thus to the school as a mediating
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authority for corresponding competences [2, 11]. As a result, many initiatives have
been launched in K-12 schools [12].

In this context, there are differences between educational systems in the integration
of computational thinking into compulsory education. This leads to the need to study
the results of the implementation of computational thinking and related teaching and
evaluation methods [13], also with a view to enabling comparability of computational
thinking outcomes within and between educational systems.

However, the broad spectrum of perspectives on computational thinking also means
that various elements of definition have emerged, resulting in a lack of clarity as to
what computational thinking should be [14].

When it comes to the question of how computational thinking can be conceptu-
alised, it becomes apparent that the construct of computational thinking is known to be
poorly defined [15], that there is no universally accepted definition [16] and that there is
thus the challenge to assess computational thinking [17]. These circumstances com-
plicate the widespread integration of computational thinking in the learning and
teaching context, as educational systems place different emphases on how to learn and
teach computational thinking. This is also reflected in teacher education, as there is a
great need to prepare well-trained teachers to integrate computational thinking into
their daily teaching activities [18]. Yet, there is still only marginal understanding of
how non-computer science teachers can be engaged in computational thinking [19, 20].

What is taught, however, are problem-solving skills. Students are expected to work
in new environments, overcome problems they are unfamiliar with, and apply multi-
disciplinary reasoning skills that are not tied to specific content [21]. The majority of
existing computational thinking definitions and a few existing studies suggest that there
is a high correlation between student competences in computational thinking and
problem-solving skills [9, 22-24].

If it can be shown that this high correlation between computational thinking and
problem-solving does in fact exist, then this finding can be used to structure compu-
tational thinking lessons accordingly, which necessitates investigation of the relation-
ship between computational thinking and problem-solving [25].

Measuring this relationship has several benefits. In addition to the referral to well-
proven problem-solving theories to explain computational thinking, it might provide an
explanatory approach for variation in students’ achievement in computational thinking.

Summarising all these aspects related to the increasing relevance of computational
thinking, the inconsistent conceptualisation, the different emphases in learning and
teaching computational thinking in different educational systems, and the resulting
advantage of measuring the correlation between computational thinking and general
problem-solving, leads to three major challenges: conceptualising computational
thinking and problem-solving; finding an appropriate research design; and highlighting
the benefits and nature of the results. This raises the three research questions, which are
addressed in this article:

1. How are computational thinking and general problem-solving to be conceptualised,
where do they overlap and how can this be presented on a theoretical level?

2. Which data and which research approach are appropriate for an empirical exami-
nation of the theoretical understanding?
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3. Which kind of results with respect to the overlap between computational thinking
and problem-solving will be obtained in such a research process?

Section 2 is concerned with answering the first question, whereby, firstly, the
conceptualisation of computational thinking (Sect. 2.1) and problem-solving (Sect. 2.2)
and then their overlapping areas (Sect. 2.3) and, thus, the relationship at the theoretical
level, are covered. Section 3 responds to question 2 by introducing the International
Computer and Information Literacy Study 2018 and thereby presenting the international
option computational thinking (Sect. 3.1) and the German national extension to
problem-solving (Sect. 3.2). Finally, Sect. 4 addresses question 3 and outlines the
expected results related to the overlap between computational thinking and problem-
solving.

2 Computational Thinking and Problem-Solving
at a Theoretical Level

2.1 Conceptualisation of Computational Thinking

The identification of the spectrum of computational thinking skills is a balancing act
between algorithmic procedural thinking related to computer programming and a wider
range of transferable problem-solving skills and dispositions [1, 22, 26].

There are many definitions and conceptualisations of computational thinking, all
with different emphases. Wing, for instance, argues that computational thinking should
not be limited to programming and that it should be added to the analytical skills of all
people [10]. Denning [27] asserts that definitions of computational thinking are “vague
and confusing” (p. 33) when they do not originate in the field of computer science.
Thus, it makes a difference whether the definition comes from the field of computer
science or from the field of education.

In the International Computer and Information Literacy Study 2018 (ICILS 2018),
computational thinking is defined as “Computational thinking refers to an individual’s
ability to recognize aspects of real-world problems which are appropriate for compu-
tational formulation and to evaluate and develop algorithmic solutions to those prob-
lems so that the solutions could be operationalized with a Computer” [28] (p. 27).

The computational thinking construct in ICILS 2018 consists of two general
conceptual categories (strands) and three or respectively two specific content categories
within a strand (aspects). Strand 1 focuses on the conceptualisation of problems,
assuming that before developing solutions, problems must first be understood and
designed in such a way that algorithmic thinking or system thinking can support the
process of solution development. This includes, for instance, the aspect of knowing
about and understanding computer systems, whereby students should have the ability
to recognise and describe the characteristics of systems. On a declarative level, a person
should be able to describe rules and boundary conditions. A second aspect describes
the formulation and analysis of problems. For this purpose, a problem is broken down
into smaller, manageable parts (decomposition) and the properties of the task are
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systematised in such a way that a computational solution can be developed. The third
aspect of the first strand refers to the meaningful collection and representation of
relevant data in order to effectively assess the problem solution within a system.
Strand 2 comprises the operationalisation of solutions in the form of planning,
implementation, testing and evaluation of algorithmic solutions to real-world problems.
On the one hand, the strand focuses on the aspect of planning and evaluating solutions.
Typically, there is a wide range of possible computer-based solutions for a particular
problem. It is therefore important to be able to plan and evaluate solutions from different
perspectives and to understand the advantages, disadvantages and effects of different
solutions. On the other hand, the second strand includes the developing of algorithms,
programs and interfaces. This does not assume that the students are familiar with the
syntax and functions of a particular programming language, but rather with the logical
reasoning underlying the development of algorithms for problem-solving [2, 28].
Computational thinking processes emerge from the framework on three levels. On
the level of problem conceptualisation (strand 1), problem identification and definition
are important, as is decomposition, in which a problem is broken down into sub-steps to
make it easier to deal with. On the second level - the operationalisation of solutions
(strand 2) - various processes play a role, such as pattern recognition, pattern matching
and algorithmic thinking, which contain abstraction. On the third level - the evaluation
of solutions - the focus is on the debugging and evaluation of the solution. This level is
closely linked to the second level of operationalisation of solutions, which is reflected in
the fact that this is included in aspect 2.1 of the framework under the second strand [29].

2.2 Conceptualisation of Problem-Solving

When considering computational thinking as a competence and/or a competence area,
it becomes apparent that it requires the development of both domain-specific and
general problem-solving skills [9]. Nevertheless, the investigation of general problem-
solving is not the approach considered in the above-mentioned computational thinking
construct, but rather it focuses on domain-specific problem-solving (although the
framework would also apply to general problem-solving).

Problem-solving can be described as a transformation from an undesirable initial
state to a desirable final state [30] by overcoming a barrier. Achieving this requires
higher order thinking skills [31].

A problem-solving process is frequently described as a seven-stage cycle [32]. On
the level of problem conceptualisation, it comprises the recognition or identification of
a problem and the definition and mental representation of the problem. On the level of
the operationalisation of solutions, the development of a strategy to solve the problem,
the organisation of knowledge concerning the problem, as well as the allocation of
mental and physical resources needed to solve the problem, all play a role. Monitoring
of progress towards the goal, and evaluation of the solution in terms of accuracy are on
the third level, which focuses on evaluating solutions.
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2.3 Overlapping Areas of Computational Thinking and Problem-Solving

On a theoretical level, there are apparent indications of a strong correlation between
computational thinking and problem-solving processes [29]. When comparing the two
constructs, there is considerable overlap between them, as illustrated in Fig. 1.
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Fig. 1. Overlapping areas of computational thinking and problem-solving

Therefore, introducing students to problem-solving and algorithmic thinking at an
early age is useful in enabling them to learn computational thinking step-by-step. This
ensures that all students have sufficient skills at the end of their schooling to keep up
with technological progress. To further develop these initiatives, it is necessary to know
which competences the students already possess and where similarities and differences
exist with regard to their general problem-solving skills.

For this purpose, it is necessary to introduce a study in which empirical research
can be conducted into the introduced theoretical constructs, also to support students’
acquisition of computational thinking in schools and taking school context and learning
as well as student characteristics into account.

3 Computational Thinking and Problem-Solving in ICILS
2018

3.1 Computational Thinking as an International Option of ICILS 2018

Based on the described computational thinking construct, the International Computer
and Information Literacy Study 2018 (ICILS 2018) meets the challenge of measuring
student competences in the field of computational thinking on a representative basis,
with an international comparison, by having integrated computational thinking as an
international option (as a response to the increasing relevance of this field in research,
scientific discourse and school life).

With ICILS 2018, the International Association for the Evaluation of Educational
Achievement (IEA) provides for the second time after ICILS 2013, with the help of an
internationally developed and elaborated set of tools, the empirically validated assess-
ment of students’ computer and information literacy (CIL; comparable to information
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and communication technologies (ICT) literacy) in the participating countries with an
international comparison. For the first time, the IEA also supplied the international
option computational thinking [8]. In addition, the relationship of these competences to
the school and extracurricular context of learning was examined [2].

Educational systems participating in ICILS 2018 could decide whether they also
wanted to participate in this international option. Denmark, Finland, France, Germany,
Luxembourg, Portugal, the Republic of Korea, the United States of America (USA), as
well as North-Rhine-Westphalia (Germany) as benchmark participant, took the
opportunity to do so.

The international option for ICILS 2018 is essentially aimed at clarifying the
research questions as to: (1) which computational thinking competences students have
and how the conditions for acquiring these competences are related to the competence
level of the students; and (2) how students’ achievements in computational thinking
relate to their computer and information literacy skills. While the first question aims to
capture computational thinking as a new area of competence for the first time and to
explain the conditions for acquiring competences at student, school and educational
system level, the second research question focuses on empirically clarifying the rela-
tionship with the area of computer and information literacy.

The sample in ICILS 2018 is 20 students per school in Grade 8 with a minimum
age of 13.5 years, 15 teachers per school who teach in Grade 8, and the school principal
and ICT coordinator at school level. In all participating countries, a representative
random sample of at least 150 schools was drawn and a sample of students and teachers
was taken in these schools [28].

The concept of the additional module in computational thinking is that students’
achievement in computational thinking is measured in the same student cohort by
extending the computer-based student tests by two test modules.

Computer-based testing with authentic tasks in a software-based test environment is
essential for measuring the construct to be captured. A major challenge in test design
has been that the computer-based student tests must be applicable to eighth graders,
whether they have learned a programming language or not, must be applicable in a
wide range of countries and curricula, and must have the least possible overlap with
other disciplines (e.g. mathematics). In ICILS 2018, this area is made accessible for the
first time using an adequately developed test instrument in the form of computer-based
measurement with an international comparison, which can be used without knowledge
of programming languages, but includes typical features of computer-based problem-
solving processes such as the use of algorithms and loops for systematic and repeated
problem-solving steps. A visual coding approach is used to consider algorithmic logic.
The international computer-based student tests consist of questions and tasks that are
embedded in real-life contexts [28].

All students complete two computer and information literacy modules. In the
countries participating in the international option computational thinking, students
complete two additional 25-min test modules. According to the computational thinking
construct in ICILS 2018 with two strands (problem conceptualisation and solution
operationalisation), each of the two computational thinking test modules concentrates
on one of these strands. The computational thinking test modules contain information-
based response tasks and nonlinear competence tasks.
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Since competences are always embedded in a context, the research questions fea-
tured in ICILS 2018 focus in addition on the measurement of Grade 8 students’
computer and information literacy as well as the relationship between Computational
thinking literacy and Computer and Information literacy in terms of individual char-
acteristics and the school context. By means of supplemented items in the background
questionnaires of ICILS 2018, factors related to specific individual, school and
teaching contexts and conditions in the field of computational thinking are also con-
sidered. The student and teacher questionnaires collect process-related context factors,
including students’ reports on the extent of learning about approaches to computational
thinking at school, and teachers’ emphasis on teaching approaches to computational
thinking in class. School ICT coordinators were asked about their perceptions of school
emphasis on teaching computational thinking activities to students. The data obtained
from the so-called National Context Survey are intended to support the interpretation of
the results of the student, teacher and school questionnaires [28].

The results of ICILS 2018 will be published in the international and national report
on November 5, 2019.

3.2 Problem-Solving as a German National Extension to ICILS 2018

In addition, the participating educational systems had the possibility to add national
extensions, of which several took advantage [3, 33]. In Germany, reading tests and tests
on cognitive abilities [2], items aiming to examine the correlation between computa-
tional thinking and general problem-solving skills [3], information about students’ self-
reported proficiency in completing computational thinking tasks, and items focusing on
computer science and its practice in schools, were therefore also gathered within the
context of computational thinking. This means that the relationship between compu-
tational thinking and problem-solving could only be addressed for Germany.

The aim is to design an empirically verifiable theoretical analysis model that
investigates this relationship with statistical controls for individual student character-
istics such as students’ self-reported proficiency in computational thinking and their
background characteristics, as well as for the school context such as students’ reports
on the extent of learning about approaches to computational thinking at school and
teachers’ emphasis on teaching approaches to computational thinking in class.

4 Expected Outcomes and Discussion on the Overlap
of Computational Thinking and Problem-Solving

Studying the relationship between students’ computational thinking achievement and
their general problem-solving skills, taking into consideration individual student
characteristics and the school context, aims to provide a starting point for achieving a
deeper understanding from a theoretical and empirical perspective as well as a holistic
picture of computational thinking. The benefit of this is that all relationships are
examined in the same sample and are calculated in one model on two levels [34].
Focusing on the relationship between computational thinking and general problem-
solving and on their links would be of interest for the development of educational
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systems. As a matter of fact, this would allow in the coming years to work specifically
on computational thinking and to use well-proven problem-solving theories, thus
making it possible to implement development measures in each considered country
(e.g. Germany).

Obviously, the question arises as to whether everyone should be able to learn and
apply computational thinking [34] as Wing [3, 10] proposed, but in the spirit of equal
opportunities, it would not necessarily be reasonable to deny some students the pos-
sibility of acquiring computational thinking skills that are becoming increasingly
important for their professional future. When it comes to bringing computational
thinking into schools as a cross-curricular competence, there is no alternative to con-
ceptualise computational thinking in such a way that it can also be taught by non-
computer science teachers and can also be learned by students who do not attend
computer science classes. In doing so, it must also be kept in mind that neither students
nor teachers with little knowledge of computer science can be expected to be familiar
with a programming language. The logical conditions behind computational thinking
can, however, be explained to them and it can then be left up to them to decide whether
they want to gain a deeper understanding of the subject matter and acquire knowledge
of or skills in a programming language or not.

However, society has the responsibility to offer young people the opportunity to
acquire at least basic competences in the field of computational thinking, which they
can then upgrade in line with their own particular preferences and needs. Students need
a different kind of knowledge that enables them to succeed in a rapidly changing
environment. If schools only prepare their students to meet current expectations, the
knowledge and skills they may have to use in their private and professional lives can
soon become outdated [21].

To ensure students are properly prepared for life in the digital age, it is of great
relevance to consider and investigate computational thinking in the context of general
problem-solving. This is addressed on a representative basis in the German national
extension to ICILS 2018. Germany is currently thus the only educational system,
which, with the help of a national extension to ICILS 2018, is able to investigate the
relationship between computational thinking and general problem-solving, in an
analysis controlling for other individual student characteristics and the school context.
Results will be published in November 2019 and in-depth results in 2020.
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Abstract. After summarising the research context regarding defining, culti-
vating, and assessing computational thinking (CT), this theoretical paper
examines data modelling using interactive displays, a CT practice that may be
cultivated across several school subjects. Although working with data is not
explicitly mentioned in some CT definitions, this work may activate different CT
components, such as abstraction, decomposition, and pattern recognition. Fur-
thermore, interactive displays, which are primarily a means for visualising data,
can also be tools for modelling purposes if used within a modelling cycle.
Focusing on this modelling in secondary education, we first consider main
activities and their underlying skills, and outline what kind of support should be
given to modellers, especially novices, in assisting them to complete this as
easily as possible. We then consider what computational environment to use,
which learning path to follow, and what assessment of learning to apply.
Implications for teacher professional development are included.

Keywords: Computational thinking - Data modelling - Interactive charts -
K-12 education - Teacher education

1 Introduction

Today, education needs to prepare students to cope successfully with increasingly
complex life and work environments, which often rely on technology (i.e. on auto-
mated computations). Because of that, following Wing’s account of computational
thinking (CT) as one of the basic student abilities [1], many studies have dealt with CT
in primary and secondary education across a number of school subjects by using
various cultivation means. It seems that, in doing so, CT has not been intended to
replace other contemporary approaches (e.g. problem-solving, critical thinking, cre-
ative thinking), but rather to complement and strengthen them by using concepts, tools,
and techniques from computer science (e.g. [2]). As a result, students will be more than
just technology-literate [3].

CT was originally used to denote thinking processes applied in problem-solving to
formulate solutions in such representations that could be efficiently processed by
computers [1]. It was viewed as an important literacy of the 21* century, which would,
to some extent, enable everyone (all learners) to: recognise aspects of problems
amenable to computation; match those aspects to appropriate computational supports
(concepts, tools, techniques, strategies); understand the opportunities and limitations of
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those supports; apply the supports in adapted or novel ways; and use computational
strategies (e.g. a top-down approach) in any domain [4]. On the other hand, regarding
scientists, engineers and other professionals, it was supposed that CT would enable
them to reformulate problems to be (more) amenable to computation, develop and use
new computational methods, ask and answer questions that rely on large data sets or
intensive computations, and use computational terms to explain problems and solutions
[4]. It can thus be said that CT may, in general, be viewed as a process whereby we
recognise aspects of computations in our surroundings and deal, at introductory or
advanced levels, with various systems and processes in these surroundings by applying
tools and techniques from computer science [5].

Increasing societal reliance on technology and data calls for connecting CT and
data practice in the classroom. In the rest of this theoretical contribution, we first
summarise the research context regarding defining, cultivating, and assessing CT. We
then examine data modelling in secondary education by using interactive displays.
Focusing on this, we first consider main activities and their underlying skills, and
outline what kind of support should be given to modellers, especially novices, in
assisting them to complete the modelling as easily as possible. We then consider what
kind of computational environment should be used (one in which CT components may
additionally be fostered), what learning paths could be followed in doing that, and how
modellers’ progression along this path might be assessed. The paper ends with
implications for teachers’ professional development.

2 Research Context

2.1 Defining CT

Various definitions of CT have been proposed in the literature (e.g. [2, 6, 7]). Although
the term has been used broadly, there has been no widely accepted definition so far [8].
For some researchers, from a general perspective, CT is concerned with algorithmic
thinking, critical thinking, problem solving, and working cooperatively [9]. For some
others, core CT facets are abstraction (data collection and analysis, pattern recognition,
modelling), decomposition, algorithms (algorithm design, parallelism, automation),
iteration, debugging, and generalisation [7]. Other researchers, looking at K-12 edu-
cation, assume that CT is a critical component of problem-solving supported by tech-
nology [10, 11], and propose concepts, such as data collection, data analysis, data
representation, problem decomposition, abstraction, algorithm and procedures,
automation, parallelisation, and simulation as core ideas. It seems that the main goal
behind the request to cultivate CT in K-12 education is to prepare students to use
computational tools in productive and creative ways within different school subjects [6].

Apart from general frameworks, CT has been examined within subject-specific
frameworks. For example, in the context of programming with Scratch, Brennan and
Resnick [12] applied a CT framework with three dimensions, namely: CT concepts (e.g.
data, operators, loops), CT practice (e.g. abstracting, modularising, debugging), and CT
perspectives (e.g. questioning, connecting). In the STEM (Science, Technology,
Engineering and Mathematics) context, focusing on high school mathematics and
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science education, a CT definition was given in the form of a taxonomy comprising four
main practice categories [13]: data practices (e.g. collecting, visualising), modelling and
simulation practices (e.g. building and using computational models), computational
problem-solving practices (e.g. programming, troubleshooting), and system-thinking
practices (e.g. defining systems, managing complexity). Another general CT framework
[14], exemplified for mathematics pedagogy, comprises four overlapping activities with
various objects (of digital, tangible, or conceptual nature). These activities are: un-
plugging (not using computers), tinkering (taking objects apart and changing/modifying
their components), making (constructing new objects), and remixing (appropriating of
objects or their components to use them at other places or for other purposes).

Clearly, a standard definition of CT is lacking. However, because of its pedagogical
utility, it seems promising to define CT using various CT practices and activities,
examined in terms of underlying CT concepts and skills (extrapolated from the NRC
[15]). Although working with data is not explicitly mentioned in some CT definitions,
one CT practice, namely data practice [13], should be included, since it may activate a
number of CT components (e.g. abstraction, decomposition, and pattern recognition).
Not only was the relevance of this practice for CT development (in particular, of data
collection, representation, and analysis) recognised by the Computer Science Teacher
Association (CSTA) and International Society for Technology in Education (ISTE)
[11], but work with data has also been included in an international assessment of
students’ computer and informational literacy, which assumed that, apart from pro-
gramming, the CT domain deals with structuring and manipulating data sets as well
(for more details, see https://www.iea.nl/icils).

2.2 Cultivating and Assessing CT

Despite a relevant educational goal “CT for all” (initiated by Wing [1]), our knowledge
of how to integrate CT in K-12 education is still in its infancy, because research on
integration is scarce [6]. However, teacher education may, for example, benefit from
examining examples of the use of CT in daily life. In other words, CT concepts (e.g.
algorithm, abstraction, debugging) may be illustrated with concrete examples from
teachers’ daily experiences [16]. This approach, basically exemplifying various CT
activities, has, for example, been applied by CSTA and ISTE [11]. If teacher education
is based on the framework of technological pedagogical content knowledge [§], the
main focus should be on developing knowledge of CT-related concepts, tools, and
practice (technological knowledge) and combining them with disciplinary content (i.e.
content knowledge) and pedagogical strategies (i.e. pedagogical knowledge). Addi-
tionally, to promote appropriate CT within specific subject domains, teachers should be
encouraged to avoid using just a few tools (e.g. concepts mapping tools, interactive
whiteboards) and CT concepts and practices (e.g. automation, problem decomposition).

Research also evidences that, in general, we should cultivate CT within rich
computational environments (in different domains such as game design and develop-
ment, and with various CT instances such as abstraction and automation), and, in doing
so, apply a use-modify-create learning path [17]. Of course, having in mind different
school subjects or university courses, CT practice should support or empower relevant
scientific practice involving disciplinary knowledge and skills. Although CT may be
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promoted through activities without the use of computers (e.g. CS Unplugged [18]), the
use of computing tools is nevertheless indispensable as they help learners test and
revise their solutions involving CT concepts and practices (i.e. CT is primarily pro-
moted through problem-solving with computing tools [10]).

Regarding CT assessment, there seems to be a vacuum in measuring and assessing
CT achievement, which makes it difficult to judge the effectiveness of CT-based
instruction [19]. In particular, because a standard definition of CT is lacking, mea-
surements of this construct are diverse, which, as Shute and colleagues [7] underlined,
not only raises questions regarding results obtained, but also makes them difficult to
compare. These researchers also stressed that assessing CT in classrooms is challenging
and that to support a teacher’s instruction, real-time assessments that monitor students’
progress may be required.

Having in mind Brennan and Resnick [12], appropriate assessments could be based
on the analysis of students’ project portfolios (involving artifact-based interviews with
them), assuming that novice students progress in developing projects along, in our
terms, an understand-debug-extend trajectory (i.e. from understanding a developed
project via debugging this project to extending it). With more experienced students, a
use-modify-create learning path [17] might be applied and assessed. To assess
instruction that promotes CT among students by using computational tools in con-
junction with content and pedagogy, we might use a technology integration rubric,
whose criteria, as in [8], evaluate choosing and using tools and practices with respect to
curriculum goals and instructional strategies, simultaneously aligning content, peda-
gogy, and technology.

3 Data Practice Using Interactive Displays

Despite the fact that a standard definition of CT is lacking, data practice, data analysis,
or work with data can, as already mentioned, be recognised in a number of CT defi-
nitions (e.g. [7, 11, 13]). Even when work with data is not mentioned explicitly in a CT
definition (e.g. as in Google’s main CT elements: decomposition, pattern recognition,
abstraction, and algorithm design; https://youtu.be/sxUJKn6TJOI), it is clear that, for
example, pattern recognition, dealing with regularities and trends in data, are based on
data practice, which may make use of suitable technology, such as interactive displays.

3.1 Interactive Displays and Their Educational Relevance

Interactive charts are digital devices for the visual presentation of data, whose content
updates automatically after changes in considered data or variables. Interactive displays
are digital artifacts comprising one or more such charts, possibly coupled with other
interactive reports, such as tables or summary measures. Interactive displays composed
of two or more interactive reports, usually interactive charts, are called dashboards.
Typically built in a drag-and-drop fashion, interactive charts can be, as a descrip-
tive, exploratory tool, (relatively effortlessly) used to visualise regularities and trends in
data, if any. Several interesting interactive charts may, for example, be found at https://
www.dur.ac.uk/smart.centre/. The application of these charts, especially for dashboards
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(typically also built in the drag-and-drop fashion), has increased considerably in recent
years (e.g. [20]; visit https://www.idashboards.com/dashboard-examples/, to view
dashboards concerning various industries and areas). Learning analytics is, for exam-
ple, one domain in which dashboards are widely used (e.g. [21]).

Because of such widespread and increasing use of dashboards, as well as possible
learning and professional benefits, it is not surprising that there has been noticeable
demand recently for the introduction of work with data using interactive displays in
secondary education (e.g. [22-26]). Although this work has traditionally been asso-
ciated with data analysis, possibly based upon complex mathematical and statistical
models, it is unlikely that most students would be required to perform such analyses in
their future jobs. They would rather do some basic data modelling using dashboards,
whether produced by others or resulting from their own modelling, to support their
professional claims and actions (e.g. “peer feedback has been used by less than one-
third of e-learners”; “another drug dose must be administered to that patient”), which
may particularly be relevant to the STEM disciplines [27]." This modelling just makes
use of simple mathematical models (e.g. frequencies, sums, and means) connecting
independent and dependent variables; each model is, after the developer’s chart
selection, automatically applied by the tool used. Although interactive displays are
primarily a means for visualising data, they can also be tools for modelling purposes if
used within a modelling cycle.

3.2 Considering Data Practice Through Modelling

Knowing that even simple data preparation (e.g. querying datasets, (re)organising data)
may be quite challenging for novice modellers [25], data to model (with just a few
variables) should be given to them. In that case, data modelling may only require them
to complete three main activities, namely: asking questions; visualising data; and
answering questions. In other words, there may be just three key stages in the mod-
elling cycle, usually advanced in a nonlinear way. For experienced data modellers,
remaining activities could eventually be added: validating modelling (recommending
changes) after answering questions; and preparing data after asking questions [28].
To attain successful realisation of these activities, teachers need to identify their
main underlying skills, and provide modellers, especially novices, with support to
complete such modelling as easily as possible. Some of these underlying skills are, for
example: choosing relations to examine; identifying dependent and independent vari-
ables (asking questions); selecting charts to use; selecting measures to apply (visual-
ising data); recognising regularities in charts produced; and connecting regularities
observed with corresponding questions asked (answering questions). These and other
underlying skills should be fostered through suitable scaffolding, taking into account
potential modelling challenges and reasons for these challenges (discussed elsewhere
[25], for example). As the three activities depend on each other, many scaffolds would

! Job candidates with data practice skills (in particular data science and analytics skills) will soon be
preferred by most employers in the United States, for example (see http://www.bhef.com/sites/
default/files/bhef_2017_investing_in_dsa.pdf, for reported figures).
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connect their underlying skills (e.g. variables selection with charts production; charts
production with regularities recognition). Of course, when interactive charts, especially
dashboards, are created from scratch, data modelling becomes a design task, whose
central activity of problem structuring [29] needs meticulous scaffolding, possibly with
(special) attention paid to the role of context in doing so. To ease contextual challenges,
the data to model may be coupled with a short description of the underlying context.
Furthermore, modellers may be scaffolded to develop problem structuring skills (e.g.
selecting variables, measures, table, and charts to use) while improving knowledge of
context under scrutiny (e.g. clarifying what other issues to examine, how they have
been measured, and for what points in time to use data available), and vice versa
(derived from [30]).

3.3 Performing and Assessing Data Practice Through Modelling

As underlined above, CT should be cultivated within rich computational environments
[17]. Regarding dashboards, Zoho Analytics is, for example, such an environment
(https://www.zoho.com/analytics/).” Apart from using and combining various interac-
tive reports, it supports data preparation by querying relevant datasets. It also enables
collaborative work on dashboard projects, which, if skillfully managed (e.g. in
designing, building and combining charts of increased structural complexity), would
promote other valuable CT assets, such as computational strategies.

Country report: overnight stays
Grand total: 38,807,892

Total overnight stays by year Total overnight stays by year and country of residence
2010-2015 2010-2015
7,000,000 6,000,000
6,000,000 - 5,000,000
5,000,000 4,000,000 === Domestic
4,000,000 == Foreign
3,000,000
3,000,000
2,000,000 2,000,000 /‘/‘
1,000,000 1,000,000
2010 2011 2012 2013 2014 2015 2010 2011 2012 2013 2014 2015

Fig. 1. Dashboard with two interactive charts and one summary measure: although not
dominant, overnight stays by foreigners are increasing (modified from [25])

To illustrate some of these strategies, let us consider a dashboard presented in
Fig. 1. Its design may be the result of decomposition (i.e. a divide and conquer
strategy) of an issue under consideration (e.g. overnight stays in a country). This
strategy is clearly applied in building each individual chart concerning its elements,

2 Contrary to interactive charts, work with dashboards has only been supported by recent versions of
some spreadsheet environments. To simplify dashboard creation, on-line publication and use, work
with on-line dashboards has usually been realised in specialised, dashboard-tailored environments.
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especially variables. Other strategies are top-down and bottom-up approaches. When
we go from a dashboard as a whole to its individual reports as parts, a top-down
approach is applied. When we start from some individual reports and combine them to
create a dashboard, a bottom-up approach is used. (Instead of a single approach, we
often apply a combination.) Furthermore, to get feedback and validation from peers and
future users, building a chart or dashboard may make use of rapid prototyping, i.e. an
iterative process through which we incrementally show what this display will look like.
If we apply this interactive process to a chart, we may go from two variables (overnight
stays by year) via three variables (overnight stays by year and country of residence) to
four variables (overnight stays by year, country of residence and region, with values of
the last variable used as a filter). In that way, we can examine whether the pattern of
total overnight stays by year (the number of these stays is rather stable between six and
seven millions in each year) holds true when we compare domestic and foreign guests,
especially when we go from region to region.

As the dashboard development examines calls for simple system engineering, this
development would only promote a basic understanding of these computational
strategies. For a complex system, a top-down strategy could first be applied to identify
its major units, followed by the main components of each unit. This strategy would
then be repeated until the system is fully understood from top to bottom [31]. Note that
contrary to decomposition, the three other strategies, especially rapid prototyping, have
been under-represented in CT-related research (exceptions can be found [32, 33]; cf.
CT facet named iteration [7]). For all these strategies to be put into practice, the use of a
computing tool is indispensable, although some preparations for applying them may be
done in an unplugged, paper-and-pencil environment.

Which learning path could be used to promote data modelling using interactive
displays, and how may progression along this path be assessed? For work with digital
artifacts in rich computational environments, Lee and colleagues [17] proposed
applying the use-modify-create path (e.g. for our data practice, from playing with
developed displays via modifying developed displays to creating displays from
scratch). If we combine this path with the understand-debug-extend learning trajectory
(i.e. from understanding a developed project via debugging this project to extending it
[12]), we may arrive at the following learning path: use displays to understand or
evaluate data modelling done — modify displays to debug or extend data modelling
realised — create displays to perform full data modelling by yourself (cf. Dagstuhl
perspectives, [34]). The evaluation of modellers’ collaborative work may, as in
Brennan and Resnick [12], be based on analysis of students’ project portfolios,
involving interviews with them about displays they have just evaluated, improved, or
fully developed. To achieve this end, a rubric may be used with criteria that evaluate
the success of pursuing each data modelling activity, making connections among them
(e.g. in terms of major skills underlying these activities and links among them).
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4 Closing Remarks

To empower learners for life in the digital age, various digital practices should be
mastered. One of them, suitable for many (most) learners, especially in vocational
education, is the data practice presented in this paper.

Although this practice is linked to CT in a mathematical context (and such studies
are quite rare [35]), it may, embedded in other contexts with different learning cycles,
contribute to the learning of computer science or statistics. For example, an extended
context could ask for the preparation of data through a CT-based work with databases
[36], whereby this practice becomes more relevant to computer science education
where CT has become a critical component [37]. Or, instead of a modelling cycle, a
data inquiry cycle could be used [23], making this practice relevant to statistics learning
as well.

Apart from its relevance to developing CT, our approach seems to focus on CT
pedagogy. Through considering a range of disciplines, it was recently proposed that
pedagogical CT environments should primarily focus on interactive visualisations or
simulations, modelling and troubleshooting of data sets, and searching for patterns in
large data sets [38]. Clearly, our approach aligns with this focus.

To attain successful implementation of our approach in classrooms, professional
development may primarily support teachers in realising and making connections
between key data modelling activities in terms of their underlying skills (extrapolated
from Niess and Gillow-Wiles [39]), being aware of potential challenges in this mod-
elling and reasons for these challenges (e.g. [25]). To avoid some of these challenges
(e.g. concerning data preparation and context understanding), teachers may be sup-
ported in preparing materials that will be given to students (e.g. data to model and short
context descriptions). Detailed support may be provided for them to prepare scaffolds
that would help students develop problem-structuring skills while improving context
understanding, and vice versa. Professional development may also support teachers in
applying particular learning paths and assessing their outcomes (e.g. use displays to
understand or evaluate data modelling completed — modify displays to debug or extend
data modelling done — create displays to perform full data modelling by yourself) [12,
17].

Apart from teachers and their appropriate professional development, successful
implementation of our approach to data practice requires the support of other stake-
holders (e.g. school administrators, policy makers, curriculum and assessment devel-
opers), who would eventually bring CT into classrooms and have it widely and
skillfully applied (e.g. [13]). However, to support the claims that particular CT-
interventions are beneficial to students, we need to improve assessment to provide solid
evidence that specific CT components/facets were indeed promoted [7].
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Abstract. The Calculus for Kids project showed how Year 6 (aged 12 years)
students could master integral calculus through the use of multi-media learning
materials and specialist mathematics software. When solving real-world prob-
lems using integral calculus principles and the software to perform their cal-
culations, they demonstrated ability commensurate with university engineering
students. This transformative use of computational thinking showed age-
extension, because the students were enabled to redefine the curriculum by
accessing content normally taught to much older children. To verify this was not
an accidental finding, further work was undertaken with a relatively smaller
cohort of (n = 44) Year 9 (aged 15 years) students. The results were similar to
the earlier findings with an effect size of 24 (Cohen’s d) recorded. The article
explores the implications of these new findings, and the potential application to
other subject areas and student age groups.

Keywords: Computational thinking - Transformative uses - Integral calculus -
Students

1 Introduction

There is a problem with computers in schools. Schools can rarely guarantee every
student access to a computer, so the curriculum is largely designed without assuming
this equipment will be available. Yet outside school, students, citizens and profes-
sionals use digital technologies intensively. This study aimed to reconcile this incon-
gruity, and to counter diminishing learning achievements in Australian schools.
School curricula change very slowly. They are not controlled by content experts,
but by communities, politicians, educators and others. Therefore, new knowledge can
take time to be adopted. In 2005, we celebrated the centenary of Einstein’s special
theory of relativity [1], but this is rarely found in primary schools. Technology and
science continue to advance rapidly [2], often outstripping community discussion and
legal controls. Disparities between the school curriculum and the lived world of chil-
dren embedded in artefacts created from recent knowledge can lead to tension for them
and their teachers. One way to bring new knowledge into schools may be to use
computers. However, even computers are not making the desired impact in education.
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An OECD report [3] showed a weak inverse relationship between computer invest-
ments in schools and student achievement in the Programme for International Student
Assessment (PISA). This is, therefore, a wicked problem in education. When students
regularly use computers to create text using keyboards, they are unlikely to develop the
handwriting skills demanded in the current curriculum. So, these findings are not
entirely unexpected. But how can learning achievements be improved and new skills
and ideas enter the curriculum? A transformative perspective is necessary, looking
beyond the current curriculum to new skills and higher order thinking [4]. These
authors initially saw transformation as “an integral component of broader curricular
reforms that change not only how students learn but also what they learn” and went on
to suggest it could become “an integral component of the reforms that alter the
organisation and structure of schooling itself” (ibid, p. 2).

It is suggested that new theoretical approaches are needed to compare transfor-
mative uses of computers in schools. Puentedura’s Substitution, Augmentation,
Modification, and Redefinition (SAMR) model [5] provides a framework for thinking
about transforming school curricula with computers, but there is still neither a clear
way of defining transformation, nor of measuring it. In this study, we tried using
computers to change what students learnt in a very specific way. Material within the
school mathematics subject is structured in a similar way across many jurisdictions. In
particular, we could not find evidence of integral calculus being taught in primary
school (up to age 12 years) in any widespread fashion. Therefore, the Calculus for Kids
project used computers to teach this topic to both younger and older students. This
article looks at the similarities and differences between the two groups.

2 Previous Work

Before explaining how this project could solve these entwined wicked problems, it is
important to have an accepted way to measure the impact of an educational innovation.
Meta-studies such as that by Hattie and Yates [6] have established ‘effect size’ (often
using the statistical measure of Cohen’s d) as a measure of innovation impact on
learning achievement. A hinge point effect size of 0.4 has been identified as the
minimum for a significant innovation [7]. Studies have shown that “supplementing
traditional teaching... computers were particularly effective when used to extend study
time and practice, when used to allow students to assume control over the learning
situation... and when used to support collaborative learning” [3]. In these meta-studies,
computer aided instruction was found to have an intervention effect size of 0.55 to
0.57.

When assessing the learning of any group of students, their achievements generally
lie on a normal curve: a few do well; some under-perform; and most perform close to
the average. After a group of students receives a successful teaching intervention, the
group demonstrates higher achievement, so the distribution curve of achievement
moves to the right. The quantum of the improvement is crucial to determining the
effectiveness of the intervention. An effect size of 1.0 corresponds to an improvement
of one standard deviation. Glass et al. [8] indicated that normal learning progress is
about one standard deviation per year.
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The Calculus for Kids intervention taught both Year 6 (aged 12 years) and Year 9
(aged 15 years) students to solve real-world problems using integral calculus with
computer algebra software. This achieved a published intervention effect size between
1.85 and 25.53 [9] for the Year 6 students. The effect size of this transformative
intervention was over four times the size of Hattie’s hinge point (0.4) for a significant
intervention [7]. The nearest other high effect size for new ways of using computers in
class was reported by Puentedura [10] with ‘redefinition’ types of computer uses
providing effect sizes of 1.6.

David Perkins provided the concept of ‘person-plus’ to embody the shared cog-
nition of a learner assisted by their notebook [11]. In our project, we acknowledge this
notebook could be a notebook computer, or any kind of specialised electronic assistive
device. This ‘person-plus’ view supports arguments for open book assessment, because
it is closer to real-world problem solving. The assistive device improves information
retrieval and accuracy, and Perkins argues this leads to higher order knowledge. By
extension, a student using modern digital technology can solve problems that are more
complex. This models human adoption of other mind tools such as language, num-
bering systems and so on. Moursund’s extension [12] divided problems into three
groups: those which are more readily solved by humans alone; those best solved by
computers alone; and those which are best solved by humans working in combination
with computers. This project probed the transformative effects of students learning in
partnership with their computers.

Computational thinking was popularised by Jeannette Wing [13] and encourages us
to solve problems using method which can be automated. This approach promotes the
application of computers beyond computer science. Wing sees computational thinking
as recursive, parallel processing, choosing an appropriate representation for a problem,
and modeling. Algorithms are explicitly labelled in computational thinking and involve
decision steps. Many of these mental tools in computational thinking were used in
Calculus for Kids, because the students had to decide how to represent problems in
MAPLE and how best to model the real world.

This study grew from the Calculus for Kids work reported previously [9] with Year
6 students. That project trained teachers to use supplied multi-media materials to teach
the core concepts of integral calculus and how to solve real-world problems using
them. Students were provided with a copy of the MAPLE specialist mathematics
software for learning and assessment. The assessment test was based on a first year
engineering degree integral calculus examination.

While the overall results with Year 6 students have already been reported, some
schools in our project undertook work with Year 9 students as well. This paper
compares the performance of these older students with the younger ones.

3 Method

Schools were invited to become part of the project, with a teacher attending our
university campus for one day of training. During the training day, we introduced the
teachers to the animated Microsoft (MS) PowerPoint files they could use to teach each
concept; introduced them to the ideas of integral calculus and trained them to use the
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MAPLE computer algebra software. MAPLE was selected over Mathematica, Micro-
soft Mathematics and Maxima because it used conventional notation and because we
were approached by a local re-seller of the product who supported our research.

We provided a MS PowerPoint slide deck for each lesson, together with a MAPLE
worksheet and a Portable Document Format (PDF) page of example questions. Stu-
dents were shown how to perform simple calculations using MAPLE, starting with
those they already knew (addition, subtraction, area of a rectangle) and then moved
immediately to the correct terminology for setting up algebraic expressions (see Fig. 1).
Integral calculus was introduced as a tool for calculating the area under a function
curve. This area might represent the distance travelled for a speed-time function curve.
Our basic approach was to use the strips method, whereby a curve is approximated by
successively shorter straight lines. The animated MS PowerPoint slides provided
powerful visual representations to illustrate the techniques of integration. While this
introduction to calculus as the area under a curve was very conventional, we skipped
the task of calculating examples by hand. Students were shown the integral of the sum
of any number of functions is equal to the sum of the integrals of the several functions.
Some ‘principles’ of integral calculus were not taught, such as manipulation of
trigonometric functions, since the MAPLE software could perform this activity. Nor
was differentiation discussed, since it was outside the scope of the project. Teachers
were provided with a comprehensive document with solutions to all the activities.
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Fig. 1. Example of working in MAPLE with text and mathematical expressions



38 A. E. Fluck et al.

Figure 1 shows a screen from the MAPLE application. In the left-hand menu bar
can be seen components for constructing mathematical expressions. The bottom-most
left-hand icon is the template for a standard definite integral. When the user clicks on
this icon, the template is transferred to the main page, whereupon the values of the
lower bound (x;) and upper bound (x,) can be inserted. The mathematical expression
for the target function ‘f” can also be inserted to complete the definite integral. MAPLE
recognises this notation and evaluates the numerical value of the integral when
[CTRL] = is pressed. The MAPLE software is capable of symbolic manipulation in
many other areas of mathematics. The advertising for the product claims “Maple has
over 5000 functions covering virtually every area of mathematics, including calculus,
algebra, differential equations, statistics, linear algebra, geometry, and much more”
(www.maplesoft.com/products/Maple/features).

In the Calculus for Kids project, it is salient to recognise the software works with
mathematically correct expressions and automates their calculation. From a student’s
point of view, a mathematically correct expression will generate a numerical result
even if the expression does not fit the related real-world example. Similarly, a nota-
tionally deficient expression will not generate a numerical result, even if it has some
semblance to the real-world situation. To obtain correct results, students need to use
correct mathematical notation (on-screen) and frame their algebraic expressions to
precisely match the real-world problem.

Question Student response
The stainless-steel Gateway Arch in St
Louis, Missouri, has the shape of a

catenary, which is a curve that 160
approximates a parabola. It is 192 140
metres wide and 192 metres tall. 120

Determine an equation that models the
curve. Plot this curve on Maple

0 20 40 60 B8O 100 120 140 160 180

x

1
= ——(x—96)?+ 192
y 48(x 96)- + 19

Fig. 2. A real-world problem to be solved in the Calculus for Kids project
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Many of the activities contained real-world problems. Since our collaboration
involved academics from the Australian Maritime College, such real-world problems
often involved engineering or sailing boats. Other examples involved finding the area
of a billboard to be covered with a poster, finding the amount of cloth to make a curtain
for a stage, the amount of metal for a drain cover, and the quantity of grass seed for a
curved garden path. Students calculated the area of a sail and the amount of fabric for
the curved gable end of a tent. In some cases, students were expected to devise the
parabolic equation representing a real-world situation. See Fig. 2 for an example of this
question type, with a student response.

To solve these real-world problems, students needed to use their computational
thinking skills of modelling to formulate the curves as a mathematical expression for
MAPLE. It was important to select data points which correctly matched the limits of
the function to be integrated, and ensure the correct units were applied to the result.
One topic relevant to this discussion was that relating to parabolic curves. We used this
as an early introduction to non-linear functions, and taught how the parameters of the
descriptive equation could be found from two known points on the curve. It is
important to remember that students did not have to work out the value of mathematical
expressions by hand. Instead, they needed their computational thinking skills to put the
right parameters and equations into MAPLE, so the computer could undertake the
calculation for them. This provides a new way of understanding the skill of integral
calculus, and shows how computational thinking can render old methods of learning
redundant.

Moving now to ways in which our results could be compared with other teaching
interventions, it was previously noted that effect size is the commonly accepted mea-
sure of the impact of an innovation. It is dimensionless, and therefore allows findings
from different-sized cohorts to be compared fairly. However, in the context of trans-
formative uses of computers in schools, it has some disadvantages.

The calculation of an effect size uses the following equation [14]:

Effect Si [Mean of experimental group] — [Mean of control group]
ect Size =

Standard Deviation

When contemplating a transformative computer innovation, this equation can
provoke speculation about the nature of the control group. Ordinarily, if students are
randomly allocated to the experimental or control groups, the investigation would
consider two different teaching methods. It goes without saying that the groups would
be taught the same content in such a context, to show the difference in learning
achievement between the two methods. However, in the current study, the definition of
transformation that was adopted required new content to be taught; specifically, new
content traditionally programmed for students at a much higher year level. Should the
control group then comprise students in the higher year level? If so, there are two
conflicting variables to consider: learning achievement and student age. If both groups
are taught using the computer-based methods and tools, then it would not be easy to
distinguish their impact on learning.

Another way to calculate an effect size without a control group is to compare
learning achievement before and after the computer-based intervention. Where students
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are delivered content within the prescribed curriculum, standardised assessment tools
can be used for this. However, age-accelerated transformative innovations cannot use
such instruments. Therefore, Calculus for Kids used a method to calibrate each student
to a notional academic year level scale. The initial measure was derived from national
numeracy testing (www.myschool.edu.au), and effectively located each student as a
bona-fide member of their chronological year group. Since the common post-test was
derived from a first year university examination, it was possible to translate demon-
strated learning achievement onto the same academic year level scale in the range Year
12—-13 [9]. This study followed the same protocol. The mean numeracy score was used
in conjunction with the Australia-wide mean numeracy score and standard deviation to
deduce a pre-activity numeracy Year level for our students. A similar process was used
to map the post-activity test score percentages onto the notional national numeracy
scale, on the assumption that a 50% pass mark would map onto the Year 12/Year 13
boundary between high school and university. The demographics for the Year 6 and
Year 9 samples are given in Table 1.

Table 1. Demographics for the two student groups

Year 6 students | Year 9 students

N 434 44
Females 199 16
Lowest age at time of post-test | 9.97 13.28
Highest age at time of post-test | 13.82 14.95

Mean age (standard deviation) | 11.96 (0.74) 14.27 (0.38)

There were more males in each cohort, with 54% males in the younger group, and
64% males in the older group. There was a slight overlap between the cohorts in terms
of age, but at least 2 years between their mean chronological ages. This provided the
opportunity to see if student age had any effect on the learning outcomes.

4 Results

Teachers of Year 9 students used the same protocols as for Year 6 students. Therefore,
the three teachers attended a training session in Launceston, and then taught the
material over 13 lessons (including a post-test lesson). The post-tests were sent to the
research team and after marking were returned to the teachers with a community report
for inclusion in newsletters to parents.

The data from each class were added to the national database for the project, and
effect sizes extracted for the Year 6 and Year 9 cohorts (see Table 2).

Table 2 shows the numeracy aptitude for both cohorts was as expected for their
respective ages. The older students demonstrated greater mastery of the high-end
mathematics content than did the younger Year 6 students at the end of the interven-
tion, but with greater variance among them.
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Table 2. Effect size measures for younger and older students in the Calculus for Kids project

Year 6 students | Year 9 students
Mean pre-treatment academic year level (s.d.) | 6.47 (0.32) 9.49 (0.12)
Mean post-test academic year level (s.d.) 12.64 (0.12) 13.47 (0.39)
Pre/Post correlation (p) 0.56 (0.048) 0.69 (.000)
Effect size
Cohen’s d 25.53 13.79
Glass by annual maturation 6.17 2.98
Wiliam by annual maturation 1.85 0.89

The effect size has been calculated in three ways for each cohort. Firstly, the
standard calculation using Cohen’s d is given. Then, two annual maturation measures
have been used. The first uses Glass et al.’s [8] supposition that one year of learning
advancement corresponds to one standard deviation. Wiliam’s refinement [15] showed
annual growth in achievement between Grades 4 and 8 (as measured by standardised
national testing) was 0.30 standard deviations. This has been used in the final part of
the table.

5 Discussion and Conclusion

These very high effect sizes are unusual in the study of teaching innovations. However,
they are derived from standard practice for comparing the effectiveness of different
approaches to learning. When proponents make claims to have enacted a transformative
change through the use of computers, the SAMR model predicts dramatic results,
especially at the redefinition end. These very large effect sizes of 25.53 and 13.79,
using Cohen’s d, justify such claims. They are well above the ‘hinge point’ of 0.4 for
an effective intervention, and greater than the intervention effect size of 0.57 ascribed to
computer aided instruction. It can be deduced that computer use is highly effective in
schools when used to teach transformative content, and much more so than when used
to teach traditional content.

The Year 9 student cohort performed in a very similar way to the Year 6 cohort.
This is promising in several ways. First, it shows the original Calculus for Kids project
did not accidently hit a mysterious ‘sweet spot” which was only available for younger
students for this topic of integral calculus. Second, the result validates the earlier work
by showing a slightly different context does not change the outcome. Finally, it pro-
vides evidence this method of incorporating computational thinking [16] into the
curriculum can be done at any age between 12 and 14 years with the same beneficial
effect. Others may wish to see if these chronological boundaries can be expanded
further.

To progress this work, we propose to continue working with Year 6 students using
short and effective computer-based interventions involving specialist application soft-
ware. Schools will be invited to participate in guided workshops that will generate
specific plans appropriate for their own students. Key elements in each of the inter-
ventions will be:
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Short in duration (typically 5 to 7 lessons).
Students to use a single computer software application for each intervention, gen-
erally free of cost to schools.

e Learning outcome will be a significant departure from the existing curriculum (4-6
years in advance of chronological age).

e Effect size will be calculated by comparing each student’s National Assessment
Program — Literacy and Numeracy (NAPLAN) ranking with a calibrated post-test of
learning achievement accompanied by pre- and post-activity attitudinal surveys. We
will modify the Attitudes toward Mathematics Inventory [17] to make it subject-
generic and link with our previous work; also, the Mathematics and Technology
Attitude scale [18, 19] will be similarly adapted.

e Participating schools will be drawn from a wide range, going beyond the 26 schools
from 5 the states of Calculus for Kids, and drawing on mixed-ability classes from a
range of ICSEA [socio-economic and locational status] backgrounds.

If we can demonstrate similar high effect size transformations by applying com-
putational thinking in subjects across the breadth of the school curriculum, this would
provide experimental evidence supporting curriculum change. We do not suggest every
student should be taught in conjunction with a computer and powerful software in
every lesson. However, there may be good reason to teach some topics, and perhaps
introduce new knowledge into the curriculum where this is possible and desirable.
Should we be able to demonstrate accelerated learning achievement of 4+ years with
primary school students, similar processes can be put in place at other educational
levels. For instance, first year undergraduates will be able to achieve learning outcomes
at the Masters or even initial PhD candidate level. Year 10 students would be
empowered to demonstrate understanding from first year degree courses. We seek to
engender this quantum leap in learning in areas where humans working with computers
can perform better than either alone. Our work with Year 6 students can be a lever for
future work at all educational levels.
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Abstract. Teaching and learning programming is a challenge. Although several
learning and programming environments have been proposed for classes, there
seems to be more dissent than consensus as to which tools are preferable over
others. This paper investigates teachers’ perspectives on popular learning and
programming environments used in secondary computer science education in
Germany. The environments investigated are: Bluel], Scratch, Greenfoot,
Eclipse, MIT App Inventor, Processing IDE, and Alice. Based on prior research,
a catalogue of environment features supporting the learning processes of stu-
dents was constructed. Using these criteria, an online-survey was conducted
with computer science teachers in North Rhine-Westphalia, Germany. In the
survey, the participating teachers evaluated the selected tools’ adequacy for
teaching object-oriented programming. The findings support the results of prior
research conducted with students, stressing the importance of a simple and user-
friendly graphical user interface (GUI) as well as the option to visualise classes
and objects. Contrary to prior studies, the results show that teachers do not see
the editor as equally important, as students do, and that there is no consensus
about the role of the area of application for choosing an integrated development
environment (IDE). Student-friendly debugging messages as well as a step-by-
step execution of programs were identified as important features. Although no
tool excelled for every criterion, the clear favourite was Bluel.

Keywords: Educational programming environments *
Teaching and learning programming - Object-oriented-programming

1 Introduction

Teaching and learning programming constitute a challenge. In Germany, a focus in
secondary computer science education lies on object-oriented programming (OOP) in
Java. While there is a variety of suitable learning and programming environments for
this task, teachers are free to choose what best fits their personal preference. Given this
situation, it is important to find out what exactly constitutes a beginner-friendly
environment that supports the learning process. The advantages and problems of
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common integrated development environments (IDEs) have been discussed by Xino-
galos et al. [1], Georgantaki [2] and Uysal [3], all of them focusing on students’
perspectives. While the results show important features from the students’ points of
view, there is no information available about which features teachers regard as nec-
essary to enhance the learning process. While students’ perspectives are often based on
a short period of use, most teachers use such environments for a long period of time
and therefore have valuable knowledge about common fallacies or benefits of a given
environment from a currently uninvestigated perspective. Therefore, teachers’ per-
spectives are investigated in this paper, adding a new perspective to the debate about
which aspects are important when selecting an educational OOP environment.

2 Background and Related Work

Extended research has been carried out investigating educational IDEs. To give a
framework for orientation in computer science education research, Hubwieser et al. [4]
constructed the so-called Darmstadt model, which defines “educational relevant areas”.
According to this paper, teaching methods and media are two crucial research areas in
computer science education. Hubwieser et al. [5, p. 7] give a definition of what con-
stitutes these areas: “(12) Media: Technical Infrastructure, (...), Tools, Didactical
Software, ( ...). Which ( ...) programming languages or environments, personal learning
environments were found to support motivation (5), (...)?"" Nevertheless, no consensus
has been established on what makes a good educational IDE. Xinogalos et al. [1] stress
that there is no universally accepted framework for evaluating educational IDEs. Already
in 2002, Mclver [6] discussed how educational IDEs should be analysed. Mclver [6, p. 2]
points out that while there “is some evidence that a well-designed programming envi-
ronment can assist students learning to program (...) there have been few, if any, direct
evaluations of whether the choice, or design, of programming development environ-
ments has a real impact on learning ”. Gross and Powers [7] additionally showed that the
results even for environments which have been evaluated, cannot be replicated in a lot of
cases. Georgantaki [2] built upon Mclver [6] and investigated important features of
IDEs. The results showed that the graphical user interface (GUI) and visualisation of
program dynamics is important to students. Xinogalos [8, 9] showed in multiple studies
that the educational IDE used does have an impact on learners’ outcomes. To make
analyses of environments more standardised, Uysal [3] proposed a framework for
evaluating educational IDEs. Xinogalos [10] also isolated multiple important features of
programming environments by conducting a study in which students compared a
selection of IDEs in terms of effectivity and adequacy for different goals like pro-
gramming in general, OOP or fundamental object-oriented concepts.

3 Goals

One key aspect missing in prior research is the influence of the learning or program-
ming environment used on students’ success compared to other factors. To judge the
relevance of results, it is important to know which role the environment used plays at
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all. Also, while prior studies focused on isolating important features of such tools based
upon students’ views, the perspective of teachers has not currently been investigated.
Therefore, direct evaluations of learning and programming environments — exploring
which framework components are crucial, as well as benefits and disadvantages — from
the perspective of teachers are missing. Additionally, there is a clear lack of knowledge
about the spread and use of such tools in classrooms. Thus, four research questions
have been formulated for the study:

o RQ1: What influence does the educational OOP environment have on students’
learning success compared to other factors, according to teachers?

e RQ2: What features should an educational OOP environment have, according to
teachers?

e RQ3: Which educational OOP environments are used and preferred for classrooms
by teachers?

e RQ4: Which benefits and disadvantages exist for selected educational OOP envi-
ronments, according to teachers?

To investigate the influence of the environments on students’ successes in relation
to other factors, RQ1 was formulated. To answer RQ2, based upon the results from
Xinogalos et al. [1], Uysal [3] and Georgantaki [2], a framework of six components for
an educational programming environment was constructed for the study: graphical user
interface (GUI), visualisation tools (visual), editor (editor), compiler and error mes-
sages (compiler), execution system and debugger (debugger), and area of application
(area). Based upon the evaluated tools previously listed [2, 9, 10], six educational
environments were then selected to answer RQ3 and RQ4: Bluel, Greenfoot, Scratch,
Eclipse, MIT App Inventor, Processing, and Alice.

4 The Study

The chosen format of the study was an online survey, which was answered by 102
secondary education computer science teachers in North Rhine-Westphalia, Germany,
from which 79 were filled out completely. The format was chosen to reach as many
teachers as possible, as well as making the process of filling out the survey as easy as
possible. The 79 questionnaires built the basis of the analysis, out of which 57 were
filled in by male and 18 by female teachers (on 4 questionnaires no gender was
selected). Fifty-two of the 79 teachers had mathematics as their second teaching sub-
ject, 12 had physics, with the rest split equally on other subjects.

4.1 Influence of the Environment on Learning Success Compared
to Other Factors According to Teachers

The target of RQ1 was to investigate whether, according to teachers, the environment
plays a significant role for students’ successes, compared to other factors. Teachers
were asked to rate the importance of different factors for the learning success of
students. The given factors were the used API, the used textbook, the used IDE as well
as the student’s (student) and teacher’s personality (tfeacher). The used application
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programming interface (API) refers to the programming library used in class to enhance
a student’s learning process. Just as different textbooks and IDEs exist, there also exist
a variety of available APIs for teaching OOP (e.g. GLOOP for Java), often with helpful
examples and projects for classroom usage. Next to the IDE, teachers are free to choose
an API for their lessons in Germany, so it is reasonable to investigate its influence
compared to the selected IDE and textbook, as well as the personality of teachers and
students. The answers were Likert-scaled, with 1 = unimportant, 2 = rather unimpor-
tant, 3 = rather important, and 4 = important. The results showed that while the used
textbook seems to play a rather unimportant role according to the teachers, with a mean
of 2.26, the used IDE and API have a definitive impact on students’ outcomes (means
of 2.84 and 2.90). In total, the student’s and teacher’s personality are the most
important factors for teachers, with means of 3.60 and 3.69.

4.2 Evaluation of Framework Features

To answer RQ2, the identified framework features were evaluated. Teachers could
agree or disagree to given statements about educational OOP environments on a Likert-
scale including 1 (=don’t agree), 2 (=rather don’t agree), 3 (=rather agree) and 4
(=agree). The statements were constructed based upon the six selected components,
which were based on prior research (see Sect. 3):

A programming environment for learning OOP should

have a simple, intuitive user interface,

have the option to visualise objects and classes,

have the option to execute a program step-by-step,

have a code editor, which allows next to the entry of text also puzzle-like code

snippets,

e provide comprehensive, beginner-friendly error messages instead of normal error
messages of the compiler,

e have a wide area of application and therefore allow the development of different

kind of program type (e.g. animations, web applications, apps).

The results are shown in Fig. 1. The order of components on the x-axis in Fig. 1
follows no specific logic. The highest agreement can be found in the categories GUI
and visual with means of 3.73 and 3.61. Similar is the rating for a debugger that allows
step-by-step execution of the program (debug), with a mean of 3.46. Beginner-friendly
error messages have a mean rating of 3.16 and the rating for the area of application
(area) has a mean of 2.66. Nearly half of the teachers rather agree here, and the other
half rather does not agree, so the opinion is split. With a mean of 2.20, the editor
component has the lowest mean of all six components. Therefore, an editor supporting
puzzle-like code snippets is not seen as a necessary feature, according to the teachers’
perspectives, contrary to the students’ points of view described in Xinogalos et al. [1],
Uysal [3], and Georgantaki [2].
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Fig. 1. Rating of framework components according to teachers

4.3 Use and Preference of Educational OOP Environments

Figure 2 shows that 85% of teachers already used BluelJ in class. Greenfoot and Scratch
have been used by 58% and 59% respectively, and Eclipse has been used by 39%. There
were plenty of other IDEs not listed in the survey, and 42% of the teachers did already
use some other IDE. This underlines the vast dissent currently existing in the use of IDEs
in classrooms. Teachers listed additionally Java Editor (16 teachers), Netbeans (7
teachers), Java Karol (4 teachers) or the Lego Mindstorms IDE (4 teachers).
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Fig. 2. Spread of different programming environments
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When asked for their personal preference for classroom use, teachers’ answers

showed the distribution in Fig. 3. Clearly, BlueJ seems to be the most preferred OOP
environment (48), while Eclipse (6) and Greenfoot (8) are preferred by a few teachers.

50-

48

40-

Favorite for classroom use
n =
3

0-0|2 =

Alice Appln‘m’enlo) BlueJ Ech'pse Eilee’ntoo(oncéssing Scratch

IDE

Fig. 3. Favourite programming environments of teachers for classroom use

4.4 Evaluation of the Selected Environments

Depending on the environments they already used in class, teachers had to answer
additional questions. If a teacher selected BlueJ, he or she had to rate the following
statements on a 5-point Likert-scale using 1 = do not agree, 2 = rather do not agree,
3 = neutral, 4 = rather agree, 5 = agree (and the same for every other environment, but
with replacement of ‘Bluel’ for the appropriate name in the following):

BlueJ has a structured, student-friendly user interface.

BlueJ offers the option to visualise objects and classes supporting the under-
standing of the program dynamics.

BlueJ offers the option to execute a program step-by-step to retrace the program
Sflow.

BluelJ offers a code editor which allows the use of puzzle-like codeblocks, to write a
program.

BlueJ shows student-friendly error messages easy to understand.

BlueJ can be used for the development of a variety of program types, e.g. apps, web
applications or animations.

Table 1 shows the evaluation of the selected environments with regard to the

framework components given in Fig. 1.
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Table 1. Teachers’ evaluation of the selected environments with regard to the framework
components

IDE GUI | Visual | Debugger | Compiler
editor area
Framework-components | 3.73 | 3.61 |3.46|2.20|3.16|2.66
BlueJ 4.1213.88 |3.75|1.64(2.40|2.36
Greenfoot 431(4.10 |3,64|1.61|2.45|1.92
Scratch 437(3.08 |3.36/4.78|3.03|2.45
MIT App Inventor 4.00/3.06 |2.41|4.72|2.65|3.11
Eclipse 4.8413.00 |4.44/2.04(2.424.84

4.5 Evaluation of BlueJ and Greenfoot

The evaluation of BlueJ and Greenfoot can be seen in Table 1. The mean of every
framework component is listed for the selected environment as well as the mean for
agreement to the framework components themselves, as shown in Fig. 1.

Bluel excels in most categories, especially the GUI, visualisation options and a
step-by-step execution option. The environment lacks user-friendly compiler messages
and a broad application area, but, especially in the last case, it is unclear if this
component is necessary for a good educational OOP environment. BlueJ also offers no
editor allowing puzzle-like statements, fitting into the results of Fig. 1.

The results for Greenfoot show a similar picture. According to the teachers,
Greenfoot has a good GUI, visualisation options and step-by-step execution option.
The editor here also allows no puzzle-like code blocks and therefore is rated poorly.
However, there seems to be a consensus that such a component is not necessary at all
for a good educational OOP environment (see Fig. 1). While the area of application is
smaller than Bluel’s, the compiler seems to offer a degree of user-friendlier error
messages.

4.6 Evaluation of Scratch and the MIT App Inventor

Scratch scores very high on the editor component with a mean of 4.78 (see Table 1).
Offering its unique puzzle-like code-drag-and-drop system, it excels in this category.
The GUI is structured and user-friendly according to the results. A weak point
according to the teachers is the area of application (area). Taking a look at the step-by-
step execution option (debugger), user-friendly error messages (compiler) and visu-
alisation options for objects and classes (visual), Scratch is rated as ‘good’.

The MIT App Inventor also has a very high rating in the Editor category, with a
mean of 4.72 (see Table 1). However, it is only used by a few teachers, which may bias
the results. The MIT App Inventor’s editor seems to be highly capable of supporting
students’ learning successes by allowing the use of puzzle-like code blocks for building
apps. Problematic indeed is the fact that most teachers do not see such an editor as a
necessary feature for a good educational OOP environment (see Fig. 1 and compare the
mean). The GUI is still rated ‘good’, with a mean of 4.06. While the area of application
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(area) still has a mean of 3.11, there is a slight tendency of teachers not to agree with
the fact that the MIT App Inventor allows step-by-step execution to support students’
learning processes, as can be seen by the mean of 2.41 of the debugger component.

4.7 Evaluation of Eclipse, Processing and Alice

Eclipse differs a lot from the teachers’ general rating for the different framework com-
ponents, as can be seen in Table 1. While its GUI and debugger are rated high, with
means of 4.84 and 4.44, the error-messages (compiler) seem not to be beginner-friendly,
with a mean of 2.42, and the visualisation options (visual) are also rated worse than every
other environment with a mean of 3.00. The editor also is not capable of using puzzle-
like code blocks; therefore its rating is quite low. A definitive strength can be seen with
the high rating for the area of the application area, which has a mean of 4.84.

For Alice and Processing, there was so little data that summarising them would not
have been useful. In total, 3 teachers gave feedback about the Processing environment.
Alice was evaluated only by 2 teachers, who basically underlined that it is more
appropriate for non-secondary education. Therefore, no data for Processing and Alice
are included in Table 1.

5 Discussion and Conclusions

The study presented in this paper investigated the perception of secondary-school
computer science teachers regarding seven popular educational learning and pro-
gramming environments, with a focus on OOP, and the features that an ideal intro-
ductory environment should have. The study findings were based on an online
questionnaire filled in by 79 secondary education computer science teachers in North
Rhine-Westphalia, Germany. The results can be summarised as follows. Measuring the
influence of the educational programming environment for learners’ successes in OOP
according to teachers was the target of RQ1. The results showed that while the text-
book is seen as rather unimportant, the educational IDE used and the API used are seen
as rather important. However, the personality of the student and teacher are regarded as
even more important. Future research should further investigate how exactly the
educational programming environment plays a role for students’ successes and how the
influence can be separated by the influence of the API used.

The necessary features of educational OOP environments were the target of RQ2.
The constructed framework of six components was evaluated by the teachers. In
summary, teachers did agree with the fact that the GUI and visualisation options are
highly relevant for a good educational OOP IDE. Additionally, a step-by-step execu-
tion system and understandable error messages are regarded as important. Contrary to
the results from Xinogalos [1], Uysal [3] and Georgantaki [2], the edifor component
was not seen as crucial and may not be a good candidate for the framework.

The use and preference of educational OOP environments was the target of RQ3.
The most used OOP environment was BluelJ, but 42% of the teachers had also used
other environments. When asked for preference in classrooms, the highest scorer was
BluelJ.
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The benefits and disadvantages of the environments were investigated in RQ4.
Clearly, no single IDE excelled in every framework component. However, BlueJ and
Greenfoot had ‘good’ to ‘very good’ ratings in most components. While Greenfoot
seemed to be good as an introductory environment, BlueJ was also seen as a stable
long-term solution by teachers, according to comments. Scratch (as well as the MIT
App Inventor) were evaluated as ‘good’, especially with regard to the editor compo-
nent, but they did not score as equally high as BlueJ or Greenfoot in other components.
Eclipse was evaluated as the most professional, but also complex environment, and
Alice and Processing had too few evaluations to construct meaningful results.

In the next step, the proposed framework of six components needs to be specified
further by defining which features exactly make up a ‘good’ component. While an
editor component supporting just puzzle-like code blocks is not regarded as necessary
by teachers, there may be other features like auto-completion which may be regarded as
helpful. Future work should further investigate these structures in detail.
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Abstract. Towards the establishment of an evaluation platform for computa-
tional thinking (CT), in this paper, we use the “Bebras Challenge” coined by Dr.
Dagien¢ as a measurement tool of CT skills. This paper presents a “triangle
examination” which includes three kinds of testing methods (programming
testing, traditional paper testing, and Bebras Challenges). Approximately one
hundred and fifty non-computer science (CS) undergraduate students partici-
pated in the examination as a part of an introductory programming course. The
result indicated a weak but positive correlation (.38—.45) between the three
methods. Additional qualitative analysis for each task in Bebras showed that
requirements of algorithm creation and interpretation, and explicitness of the
description, are two critical factors to determine a high correlation between other
testing methods. We conclude our research by showing a clear correlation
between the Bebras Challenge and actual programming.

Keywords: Programming - Literacy - Computational Thinking -
Bebras Challenge

1 Introduction

With the banner of “Computational Thinking (CT)” [1], a movement of promoting
programming education as literacy for all citizens is increasingly growing all over the
world. Following European and North American countries, the Japanese government
issued a statement which includes compulsory programming education at elementary
schools from 2020 [2]. The purpose of the education is not merely to increase computer
science engineers in the future, but to increase ‘good users’ of computers. While
advanced technologies have made a fundamental change in science practices over the
past 50 years, a renovation of learning environments for both teachers and learners is
required to empower computing [3]. Hence, the purpose of education is to develop
citizens who can naturally employ new science practices and live in the knowledge
society over the next 50 years.

However, the problem is how we can measure (or know) CT has been laid in front
of teachers/researchers. Brennan and Resnick stated “there is little agreement about
what CT encompasses, and even less agreement about strategies for assessing the

© IFIP International Federation for Information Processing 2019
Published by Springer Nature Switzerland AG 2019

D. Passey et al. (Eds.): OCCE 2018, IFIP AICT 524, pp. 56-66, 2019.
https://doi.org/10.1007/978-3-030-23513-0_6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23513-0_6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23513-0_6&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23513-0_6&amp;domain=pdf
https://doi.org/10.1007/978-3-030-23513-0_6

Multivocal Challenge Toward Measuring Computational Thinking 57

development of computational thinking” on the basis of their long-term experiences in
teaching children with Scratch [4]. Weintrop et al. [3] asserted that “much of the
difficulty stems from the fact that the practices collected under the umbrella term CT
[1, 5]1”. Recently, several studies on CT have been published under the IFIP umbrella
(e.g. [6, 7]); however, in these papers, the discussion around assessment is limited. We
think that a further clarification of CT needs a deeper discussion on assessment.

A number of research studies to evaluate student performance in undergraduate
programming classes have been conducted using paper examinations. For example,
Lister et al. [8] reported on reading and tracing, and Ford [9] tried to assess the
achievement of classes incorporating tests used in cognitive studies in programming.
However, there have been very few research studies that discuss methods of evaluating
CT as formative problem-solving skills, instead of skills to tackle programming lan-
guage elements.

Our purpose in this paper is the establishment of an evaluation platform for CT
based on the “Bebras Challenge”, a measurement tool of CT skills. A “triangle
examination” is conducted, which includes three types of testing methods (program-
ming testing, traditional paper testing, and the Bebras Challenge), and the correlation
between them is analysed.

2 Theoretical Framework

2.1 Computational Thinking

There is some consensus between researchers that the movement of computing edu-
cation is a revival of 1980s programing education with Logo [10]. The origin of this
movement originated from Papert, who coined the term computational thinking [5], but
was not primarily intended to develop programming skills but to open a new method of
learning mathematics through programming. By working in situated environments,
children could construct their ideas by directly operating these ideas in a situated world
[11]. Papert criticised technocentrism of programming education, and he expressed the
purpose as “to give children a greater sense of empowerment, of being able to do more
than they could do before” [12].

More than 20 years after the first generation of programming education, as dis-
cussed above, Wing started to use the term CT [1] independently. Wing’s CT has
similarities with the term introduced by Papert, since both of them focus on the
necessity of developing those general skills which are needed by all citizens in the
knowledge society. Wing’s CT was initially discussed in the computer science
(CS) community, whereas Papert’s term was considered from Piaget’s constructivism
perspective and has been discussed in the cognitive and learning sciences. This dif-
ference brought about a difference in focus: Wing’s definition sounds like CS,
technology-centric concepts; whereas Papert’s use of the term is aimed to foster a
greater sense of empowerment in solving problems through computing.

Weintrop et al. [3] offer a recent attempt to define CT by comprehending the
literature over 30 years including the two generations of CT discussion, as mentioned
above. They emphasised the change in science practices while advancing technology,
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and how to educate to develop a sensibility in order to literally survive in the world
where changed practice is common sense. The higher level problem-solving skills are
summarised as: “Data practices”; “Modeling and Simulation practices”; “Computa-
tional Problem Solving practices”; and “Systems Thinking practices”. The practice to
formulate a problem into computational models is defined as “Designing Computa-
tional Models”, which is included in “Modeling and Simulation practices”. “Computer
Programming” or “Creating Computational Abstractions” is merely a part of “Com-
putational Problem Solving”. Accordingly, the large problem-solving cycle from the
formulation of a problem to an evaluation of solutions was defined as “Computing” and
then the competencies to conduct the process were defined as CT. Although the paper
claimed it was originally designed for application of CT in science and mathematics,
the definition is applicable to other disciplines.

2.2 The Bebras Challenge

The Bebras Challenge is an educational practice where students are challenged to do
several small tasks, using CS/CT concepts to complete those tasks [13, 14]. It is also an
international informatics contest where a large number of students participate from over
40 countries. Although the activity looks like quizzes that can be used in a classical
classroom for grading students, we can see the difference in task design, being
described as “wrap[ping] up serious scientific problems of informatics and the basic
concepts into playful tasks, inventive questions thus attracting students’ attention” [13].
Accordingly, the thoughtfully-designed tasks are playful and appreciated by students.

Bebras includes a “contest” where students can compete with each other through
their scores, but that is not the main goal. The goal is “to motivate pupils to be
interested in informatics topics and to promote thinking which is algorithmic, logical,
operational, and based on informatics fundamentals” [13]. In other words, it can be
explained as promoting the enjoyment of thinking, the learning of activities embedded
in the procedure, and consequences performed as a formative evaluation of the learning
process.

The Bebras international contest was created in 2004 by Dr. Dagiené¢, with a first
report published in 2006 [14]. From the practice and research conducted over a decade,
a review paper was published in 2016 [13], which included approximately 50 papers
published during the previous ten-year period.

2.3 The Bebras Challenge as Assessment Tools

Although the Bebras challenge is not designed to assess students’ knowledge or skills,
Dr. Dagiené refers to the capability of Bebras as an assessment tool over a long time
period [13]. One paper [13] describes how one of the most important and required
cognitive operations in CSTA (Computer Science Teachers Association) K-12 Stan-
dards - using visual representations of problem states, structures, and data - investigates
the “task-based assessment” approach to assess CT. Hubwieser et al. validated the use
of item response theory, focusing on whether Bebras tasks could assess CT in CSTA
[15, 16]. Dolgopolovas et al. [17] expanded on Hubwieser’s work and tried a validation
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of Bebras as assessment tools of CT with first-year software engineering university
students. This study included the following two research questions (RQs):

RQ1: How can the CT skills of novice software engineering students be evaluated
independently of programming language?

RQ2: What is the relation between novice software engineering students’ compu-
tational thinking skills and programming course results?

For RQ1, a study was attempted by Bebras with 65 university students. They
succeeded in validating the test using item response theory, as described in a previous
study [17]. However, for RQ2, they failed to find a correlation between Bebras and
examination scores in the programming course. The paper [17] discussed how the
failure resulted from the quality of questions in the examination, which asked for
practical knowledge in programming (e.g. grammar and knowledge of a particular
library) instead of algorithms, formalisation, or abstraction that are required in CT.

Djambong et al. [18] offers another influential study, which attempts a summative
assessment of programming education where both grade 6 and grade 9 students engage
in a robot programming activity using LEGO Mindstorms. Bebras was examined using
a pre- and post-test after five hours (during a five-week period) in a classroom, but
significant differences were not identified.

The study detailed in this paper can be seen as a revised version of this work. We
conducted an experimental study using the same research question (RQ?2), but we asked
for actual programming construction in the examination in order to reveal any corre-
lation between computer programming and Bebras activities with non-CS students.

3 Method

3.1 Research Question

Our research question is as follows:

RQ: Could we use Bebras as an assessment tool for computational thinking, and if
so, to what extent? (What is the correlation between Bebras, the actual programming
test, and the paper test?)

The aim of the RQ is an evaluation of Bebras as an assessment tool of CT by
examining the correlation between Bebras, the actual programming test, and the paper
test. Although the result of this question in the previous research [17] was negative, we
hypothesised that a positive result could be achieved by improving the paper and
programming tests by asking about CT instead of practical programming knowledge.

3.2 Experimental Study Environment

An experimental study was conducted in an introductory programming course designed
for social informatics (non-CS) major students. The class was designed to develop
language independent CT skills through the practical programming experiences with
Visual Basic, and HTML (HyperText Markup Language) for all students in the major
class (compulsory).
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The time schedule of the class and the examination is shown in Fig. 1. The class
was scheduled over 15 weeks (three hours per week), including an examination in the
16™ week. Students engaged in programming with Visual Basic during the first nine
weeks, and then engaged in web page authoring in HTML during the last four weeks.

| | Visual Basic Programming (9 weeks) | HTML (4 weeks) | |
W1 W2 W9 W15 W16
Bebras1 Progre;.mming Bebr"‘asZ Paber
Test Test

Fig. 1. Time schedule

The first trial of Bebras (Bebrasl) was carried out in week 2 as a pre-test, and the
second trial was carried out in week 15 as a post-test. The programming test was
conducted in week 9 and the paper test was conducted in week 16. As there was a
winter break in week 13, there was an approximate 10-week interval between the
programming and paper tests. Despite this gap, we assumed the skill levels of the
students were essentially the same, as the content of the class during the term was on
web page authoring in HTML. As the Bebras trial was addressed as a part of the
lectures, students were given as an incentive a maximum score of 10% of their grade.

3.3 Design of the Bebras Task

The Bebras task used in this study was from the senior level Japanese version of Bebras
tasks. We considered that the difficulty of the senior tasks fitted well for first-year
university students. Ten tasks were selected from Bebras 2015 and 2016 Challenges for
the first trial (Bebrasl). As a pilot trial had been carried out with a different student
cohort one year earlier, the tasks which had a statistically high correlation were
selected. Twelve tasks in all were selected from the Bebras 2017 Challenge for the
second trial (Bebras2). All of the selected tasks are listed in the results section.

The time limit for the challenge was set to 40 min in both trials. The time was a
little longer than that in the international challenge in order to encourage students to
think deeply while doing each task. The web-based system used in the international
challenge was used for the experiment. Students were given 10 min to practice the use
of the system; consequently, there were no students who failed to answer the tasks.

3.4 Design of the Programming Test

The programming test examined during the 9™ week of class was an examination to
develop a program to meet the requirements presented to students using a specification
sheet. All of the students were assigned a single computer, and then were asked to
submit a workable code in Visual Basic. The students were allowed to access all course
materials during the examination, although access to the Internet was prohibited.
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Students were required to create four tasks, given on the specification sheets, within
85 min. The easiest task did not require using any loops, but to use branching. The
most difficult task required using a collection (the course teaches Listbox for abstract
data collection) and developing an algorithm to process inside the collection.

During the test, the students could use a development environment (Visual Studio).
Therefore, the activity measured comprehensive skills of program construction:
designing data structure and algorithms; correcting compilation errors; or debugging.
Additionally, the time constraint required a certain level of fluency in their program-
ming processes; we observed that some students gained full marks close to the time
limit.

3.5 Design of the Paper Test

The paper test administered during the 16™ week of the class was the traditional
examination carried out using paper and pencil. Students could access all course
materials during the examination as well as the programming test, while the use of all
electronic devices was prohibited. The test was in six sections, lasting 85 min.

There were three kinds of tasks (code tracing, code complementing, and code
ordering) among the sections analysed. Code tracing is a type of task where students
read the code written in Visual Basic and then answer the outputs, values of variables at
a particular state, or figures expected to be drawn by the code. Code complementing is
a type of task where students complete a part of the code to complement the blanked,
uncompleted code. Code ordering is a type of task where students initially order code
fragments in random order to complete a workable code. In this manner, the tasks of
the paper test were designed to assess algorithmic thinking, which is located within
basic grammar knowledge.

4 Results

4.1 Descriptive Statistics

The study was conducted in our introductory programming class during the 2017
academic year. Approximately 200 students in the school are required to register for
this course, with the students being randomly assigned to one of four separate classes in
order to reduce the number of students in each class. Each of the four classes was
managed by different teaching staff, but the course materials and examinations were the
same.

Three of the four classes were randomly selected for the analysis. The descriptive
statistics of the four examinations are shown in Table 1. In Table 1, “n” refers to the
number of students, and the other number indicates the average score of the four tests:
Programming; Paper; Bebras1; and Bebras2, respectively. A total of 137 students’ data
were used in the analysis. No significant differences in scores were found between the
classes according to these descriptive statistics.
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Table 1. Descriptive statistics

n | Programming | Paper | Bebras1 | Bebras2
Class A |43 |49.2 50.5 |64.9 554
Class B |45 |53.3 50.4 |71.6 57.4
Class C |49 |44.7 440 623 55.3

137 (489 48.2 166.2 56.0

4.2 Correlation Analysis Between the Four Examinations

Figure 2 is a correlation table, showing the correlation and scatter plot between the four
examinations. The correlation between Programming and Bebras was approximately
0.4. The correlation between Paper and Bebras was approximately 0.45. Although a
strong correlation was not indicated, this is clearly a different result from the previous
research [17], as no relationship was reported between the examinations in that study.
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Fig. 2. Correlation table of the four examinations

Additionally, the correlation value can be considered as reaching a significant level
when considering it in relation to the other correlations. The paired correlations
between Programming and Paper, and Bebrasl and 2, respectively, are approximately
.6. We assume the two pairs of tests were quite close in terms of methods, respectively.
Therefore, these correlation values were high; however, they could be considered as not
being higher than what we had expected. Notably, the correlation between Bebras1 and
Bebras2 could be expected to be much stronger (.8-.9) if the validity of the tasks was
improved. Accordingly, the correlation value between Bebras and other tests (.4—.45)
can be considered sufficient to show a significant relationship between the actual
programming and Bebras.
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4.3 Detailed Analysis for the Tasks
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A detailed analysis of the correlation between the programming test and each task in
Bebras was performed. Table 2 shows the percentage of correct answers, and the
significant differences between the paper test, programming test, and each task,
respectively. The significant differences are indicated by the average scores between the
group that answered correctly and the group that failed in answering for each task. The
average score of the group that answered correctly was higher than the group that failed
their answers in all the tasks.

Table 2. Percentage correct answers and average score significant differences by task
Q ID |Task ID Name Correct | Program | Paper
AQ1 |2015-LT-04 | Pencils alignment 0.78 Hok Hok
AQ2 |2015-JP-05 |Ice Cream Shop 0.74 ns(p<.l)|*

AQ3 |2015-CA-02 | Fireworks 0.64 ns ns

AQ4 | 2015-DE-05 | Mobiles 0.39 ns *

AQS |2016-CZ-06 | Finding the final state 0.76 ns(p < .1) | **

AQ6 |2016-MY-02 | Scanner code 0.85 * wE

AQ7 |2016-NL-04 | KIX Code 0.58 wE wE

AQ8 |2016-AT-06 |Recursive painting 0.49 ns *

AQ9 |2016-JP-02 | Paint it black 0.70 ns ns(p < .1)
AQ10|2016-IT-02b |Red and blue marbles 0.69 ns(p <.1)|ns(p < .1)
BQ1 |2017-RU-04 | Grandmother’s jam 0.42 ns ns(p < .1)
BQ2 |2017-JP-04 | Colorful Building 0.64 ns ns(p < .1)
BQ3 |2017-AT-03 |Files 0.67 ns ns

BQ4 | 2017-MY-05 | Moving Die 0.60 wk ns

BQ5 |2017-IR-06 | Bebragram 0.80 wok wok

BQ6 |2017-CH-Ola | Exit the maze 0.73 ns(p < .1) | **

BQ7 |2017-SK-12b | Robot 0.54 o o

BQ8 |2017-KR-07 |Icon Image Compression | 0.48 ns(p < .1) | **

BQ9 |2017-KR-02 | A Stray Baby Beaver 0.69 * *

BQ10 | 2017-DE-09 | BikeFun 0.72 ns Hok

BQI11 | 2017-RU-02 | Digit recognition 0.09 ns ns

BQI12 | 2017-IT-10 | Library 0.37 ns(p < .1) | ns

*p < .05, **p < .01

The result of a qualitative analysis for each task was conducted by the first author,
although he was not a specialist in Bebras tasks, or in the interpretation of the results
from the viewpoint of the correlation between Bebras, Programming, and CT.

Overall, the results of the programming and paper test indicate a similar tendency in
the correlations. For example, significant differences were consistently found in AQI,
AQ6, AQ7 and BQS5, BQ7, BQY, whereas no significant differences were consistently
observed in AQ3, AQ9, AQ10, and BQI1, BQ2, BQ3, BQI11, or BQI12.
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The tasks showing significant difference involved algorithm comprehension, cre-
ation, and abstraction. A typical example is AQ1 “Pencils alignment” where the task
asks about the result of sorting algorithms written in natural language. There was a
direct relationship to the topic of sorting algorithms that was taught in the lecture.
Tasks which included an algorithm in a geometric field such as AQS5 “Finding the final
state” or BQ6 “Exit the maze”, were expected to show strong correlation. For the two
tasks, only the paper test indicated significant differences, so further consideration is
needed for this in terms of interpretation.

The tasks indicating no significant differences included relatively little algorithm
comprehension, but also included other CT concepts, for example, data structure
expressions, such as AQ4 “Mobiles.” Although the lecture included basic data structure
expressions with linear collection, further data structure expression, used to model the
actual world, seemed to be difficult in introductory programming for non-CS students.
For other examples, AQ2 “Ice Cream Shop” requires the concept of database structure,
and BQ1 “Grandmother’s jam” requires the concept of task scheduling.

Another possible deterministic factor to be considered was whether an expression
of a task was explicit or not. For example, in BQ7 “Robot”, the rule to be applied is
simple and also clearly given by illustrations, whereas in BQ3 “Files” students have to
construct a procedural algorithm by declarative rules. Another example, BQ12
“Library” was seen to create difficulty in description, although this may have been
caused by local translation.

5 Discussion

The RQ of the study was “Could we use Bebras as an assessment tool for computa-
tional thinking? And if so, to what degree?” As shown in Sect. 4.2, the results indicate
a positive correlation (.38—.45) between the three methods. As we discussed, this was
an opposite result from previous research [17]. One notable difference of the two
separate research studies is the design of the test; the test in this research required
algorithm creation with actual programming, whereas the previous research required
declarative information for a programming language. The results of the qualitative
analysis for each task in Bebras support this consideration. The analysis revealed two
critical factors: a requirement of algorithm creation and interpretation; and the
explicitness of the description. Hence, we conclude here that the research showed
clearly the difference between the Bebras Challenge and actual programming.

As was expressed earlier, a significant assumption in this research was that the
actual programming requires a certain level of assessment ability in CT in higher-level
problem-solving skills [3]. One significant criticism is that Bebras can be more accurate
in measuring language-independent CT than actual programming. However, even if
Bebras tasks enable users to operate CT concepts in a language-independent way, the
concepts should be finally applied in practical situations: computer programming.
Bebras Challenge trials lead to basic understanding of CT concepts, while subsequent
programming experiences make the understandings deeper, and consequently they
appear as a Bebras score. This cycle is expected in the design of Bebras. Accordingly,
we believe our results will encourage all programming researchers/practitioners who
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are engaged in supporting language-independent and creative programming practices
instead of conveying only syntax knowledge.
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Abstract. In our attempt to support Object-Oriented Programming (OOP)
learning for beginners, we designed a novel microworld called PrOgO. It is
based on a three-dimensional (3D) constructive game metaphor for describing
OOP basic concepts and their implementation. In this paper, we describe a study
about the use of PrOgO by beginners to investigate their behaviours when
interacting with the programming microworld. The study is based on the col-
lection, analysis and reporting of data about players (playing analytics). The data
analysis allows the identification and the characterisation of different beha-
viours. From an educational perspective, the expected behaviour has been
confirmed for a limited number of students. This enabled us to conclude that the
design of the game needs to be improved. In addition, behaviours triggered by
most students might have other educational values, which could be confirmed by
other similar studies.

Keywords: Programming microworlds - Game-based learning -
Learning analytics - Object-Oriented Programming - PrOgO

1 Introduction

Teaching and learning introductory Object-Oriented Programming (OOP) is recognised
to be a difficult task [1]. Generally, abstract concepts describing OOP basics, and their
implementation (coding) are the main difficulty faced by beginners [1]. This includes
the concept of an “object”, its properties and its relationship to the concept of a “class”,
as well as the relationship between classes. To overcome this educational difficulty,
microworlds have often been used [2]. Representative OOP microworlds are Object-
Karel, Alice and Greenfoot. A review of literature of these environments already
exists [2]. These digital environments aim to give to beginners an intuitive and rapid
understanding of abstract programming concepts, by allowing them to interact with
representations of these concepts [2]. Following this trend and in our attempt to support
OOP introduction for beginners, we created a new microworld called PrOgO. It is
based on a three-dimensional (3D) constructive game metaphor and C++ programming
language [3].
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This paper reports on an empirical study on the use of PrOgO by beginners, to
investigate its educational value. In particular, our goal is to know if the students’
behaviours are relevant, by providing them with a good understanding of the addressed
concepts. Playing analytics enables for the description of learners’ behaviours. We
collected and analysed interaction traces on the basis of event logs generated by PrOgO
when students interacted with it. This work does not consider the link between learners’
behaviours and their knowledge gain. This was carried out in another experiment which
is already published [4].

The present paper is organised as follows. Section 2 gives a brief description of the
PrOgO microworld. Section 3 is dedicated to the description of the study, including the
addressed research question and the related hypothesis. Section 4 describes the
methodology employed, including details of the context, as well as data collection and
analysis. Results are summarised in Sect. 5 and then discussed in Sect. 6. Finally,
conclusions are drawn in Sect. 7.

2 The PrOgO Microworld

PrOgO was created to address the needs of computer science teachers at the University
of Clermont-Auvergne (France), where OOP is introduced in the C++ language.
Teachers expressed a need for a playful tool, which is easy to use in a classroom with
beginners, to represent abstract OOP basic concepts and their implementation in the
C++ language. Therefore, PrOgO is designed with the intention to help beginners to
understand the conceptual model triggering the OOP paradigm basics.

In terms of game purpose, it is expected that the player builds and animates 3D
graphical robots or mechanical structures. In terms of metaphor and learning content
integration, each 3D elementary graphic consists of a visual representation of a
“computing object” (an instance of a “computing class”). A computing object has
attributes and methods that define its appearance and also behaviours. This is what is
represented, to be learned in the PrOgO interface with graphical blocks. Like a com-
puting object, each 3D block has some properties, such as a position, a rotation and a
colour. Thus, each 3D block is a constructive game piece and can be connected to
another one. Connecting different blocks and operating some actions on them enables
the building and animation of a 3D structure which represents an object-oriented
system (Fig. 1a). Constructing and animating this structure is a metaphor of the OOP
paradigm basics. Moreover, it has been demonstrated that analogies and metaphors are
at the basis of human cognition [5]. Analogies and metaphors help learners to cate-
gorise and to capture the essence of concepts. We expect that such an approach will
effectively help to overcome difficulties faced by students with OOP.

The PrOgQ’s interface includes a 3D scene synchronised with a code completion
editor. Programming statements are generated when actions are performed on the 3D
graphics. The code editor is exclusively based on auto-completion. It enables students
to avoid syntax errors and to be focused on the relationship between concepts and their
implementation (coding) (Figs. Ib and c). Moreover, the result of each completed
statement is immediately visualised in the 3D scene.
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Fig. 1. (a) A 3D graphic built with PrOgO representing an Object-Oriented system; (b) and
(c) Interactions with objects in PrOgO respectively within its 3D scene and code editor

3 Research Question and Objective

The objective of this empirical study consists of the identification and the characteri-
sation of students’ behaviours when playing with PrOgO. We want to know to what
extent the students’ behaviours may offer them the opportunity to understand the core
concepts of OOP. We address the following question: What characterises the students’
behaviours when playing with PrOgO?

We hypothesise that learners should spend time on the PrOgO interface, and
manipulate most of the learning concepts both within the 3D scene and the code editor.
Such behaviour should be triggered by students, to help us to verify the educational
value of PrOgO regarding learning and teaching. This behaviour would help students to
understand the link between the formal abstract basic concepts of OOP (the code
editor) and the visual representations of the concepts through the PrOgO interface (the
3D scene). Consequently, learners would be able to analyse the OOP paradigm and to
understand the addressed concepts.

4 Methodology

The study is based on playing analytics [6], which is an emerging sub-field of learning
analytics. Learning analytics offers the opportunity to practitioners and researchers for
measuring, collecting, analysing and reporting data about learners [7]. This enables
monitoring of learners’ activities and assessing innovative educational approaches. We
conducted a statistical analysis of the actions performed by the students, based on their
digital traces. They consisted of event logs that recorded learners’ interactions with the
PrOgO interface. By monitoring students’ use of PrOgO we expected to investigate
whether the game was used in a way that could help them learn, then to verify its
educational value. In order to determine typical learners’ behaviours, and the set of
performed action types underlying similarities and differences between learners, we
conducted a Principal Component Analysis (PCA) [8] and an Agglomerative Hierar-
chical Clustering (AHC) [9] on data built from the collected traces.
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4.1 Context of the Study

The study was carried out with learners from two study levels: first year university
learners in the Digital Imaging Degree (University of Clermont-Auvergne, France), and
final year learners in a science and technology secondary school (Lycée Charles et
Adrien Dupuy, France). Sixty-seven students (55 university students and 12 secondary
school students) participated in the study in October 2015. They had all previously
been introduced to procedural programming but had never been introduced to OOP.

The experiment lasted for one hour. Learners were given access to a tutorial
describing the game objective, the interface details, and how they could perform dif-
ferent tasks both in the 3D scene and the code editor of PrOgO. They were asked to
play individually with PrOgO and to express their creativity for constructing and
animating a virtual robot or a machine. During the experiment, learners’ actions were
recorded and log files were enabled to keep track of their use of PrOgO.

4.2 Data Collection and Analysis

Players’ interactions were recorded in log files, which included timestamped interac-
tions in relation to the learning basic concepts of OOP: creations of objects; modifi-
cations of objects’ attribute values; and method calls. These interactions could be
performed both inside the 3D scene, and the code editor (code selections and code
completions). In order to prepare the data analysis, we built a new data file of
aggregated data. For each participant, we stored the number of different interactions, as
well as the time spent on the game. This included the number of interactions performed
both inside the 3D scene, and the code editor such as the code completion actions. PCA
was conducted with this aggregated data (Table 1).

Table 1. PCA input variables.

PCA variable Signification

NB of Instanciate-Connect Number of class instantiation and objects connection
actions

NB of setAttributeColor Number of attribute colour setting actions

NB of setAttributeRotationAngle | Number of attribute rotation angle setting actions

NB of callFuncColorFor Number of calls to the method colorForaDuration()

NB of callFuncTurnFor Number of calls to the method turnForaDuration()

NB of CodeSelection Number of code selection actions

NB of CodeCompletion Number of code completion actions

Total time Time spent by the student

The key objective with PCA is to reduce the dimensionality of a dataset with a large
number of interrelated variables, while retaining as much as possible the variation
present in the dataset [8]. This reduction is achieved by converting the initial variables
into a new set of uncorrelated variables, called principal components. Principal com-
ponents are ordered so that the first few retain most of the variation present in the
dataset [7]. The principal components are also called PCA axes or factors. This
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reduction of variables enables the user to find the two-dimensional plane through the
high-dimensional dataset in which the data are most spread out. So, data can be plotted
with respect to those two dimensions, and to produce a visual representation of the
data. The PCA returned the principal components with their corresponding eigenval-
ues, reflecting the variability of the reduced initial data. Ideally, a small number of
factors with high eigenvalues are retained to ensure good visual representations of data
[8]. A second important PCA result is the correlation circle. This circle shows a
projection of the initial variables in a 2-dimensional space with respect to two chosen
factors that are ideally the first two. Correlation refers to the degree of dependence
between two variables. In our case, it is measured according to Pearson’s correlation
coefficient, giving a value between —1 and +1 inclusive. The closer the coefficient is to
—1 or +1, the greater is the correlation between the variables. To ensure a good
interpretation of the meaning of the axes, variables should be far from the centre of the
circle. A variable is well linked to an axis when the absolute value of its coordinate on
the axis is high. The greater the coordinate absolute value, the greater is the link with
the corresponding axis.

In order to achieve our ultimate goal, which is to identify groups of learners, we
conducted an AHC on the new observations’ coordinates in the sub-space containing
the chosen factors. Then, we conducted a second PCA on the same initial dataset to
which we added the observations groups returned by the AHC, as a supplementary
qualitative variable. We obtained a 2-dimensional map. To complement the visual
results from this map, we looked at the coordinates of the classes’ centroids with
respect to the chosen factors. Centroids are the most typical observations. They have
very similar characteristics to observations within the same category but are signifi-
cantly different from observations belonging to a different category. Therefore, cen-
troids can give us a general idea of the trends inside a whole class.

5 Categories of Students

The PCA returned 8 factors estimated from the initial variables listed beforehand
(Table 2). The first three eigenvalues represent 61.45% of the initial variability of the
data. We retained the first three factors and ignored the last ones, since the fourth factor
had an eigenvalue quite similar to the third one and the last ones had very low
eigenvalues.

Table 2. Principal components returned by the PCA.

F1 F2 F3 F4 F5 F6 |F7 |F8
Eigenvalue 236 (148 |1.08 [1.04 |0.79 |0.73/0.3 |0.22
Variability (%) |29.45|18.5413.45|13.03/9.89 |9.13]/3.69|2.8
Cumulative % |29.45|47.99|61.45|74.48|84.37|93.5/97.2| 100

The correlation circle showed that the horizontal axis (F1) is linked with variables
NB of Instantiate-Connect, NB of CodeSelection and NB of CodeCompletions, while
the vertical axis (F2) is linked with the variable Total time (Fig. 2).
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Fig. 2. Correlation circle showing the variables defining the axes F1 and F2.

Results from Table 3 confirm the set of variables defining the different axes.
Variables that scored high on the factor F1 are the same listed above, with respective
correlation values of —0.75, 0.79, and 0.79. F2 is positively correlated with Total time
with the value 0.90, and F3 is significantly correlated with the variables NB of call-
FuncColorFor, and NB of callFuncTurnFor. Correlation values between these variables
with F3 are respectively 0.66 and 0.62.

Table 3. Correlations between the PCA variables and the first three factors.

Variables F1 F2 |F3
NB of Instanciate-Connect —0.75/0.18  0.01
NB of setAttributeColor —0.4310.46 | —0.17
NB of setAttributeRotationAngle | —0.24 | 0.37 | —0.01
NB of callFuncColorFor 0.39 |0.110.66
NB of callFuncTurnFor 0.32 {0.36|0.62
NB of CodeSelection 0.79 |0.31|-0.32
NB of CodeCompletion 0.79 10.29|-0.34
Total time -0.18{0.9 |-0.03

Based on the statistical analysis, we can conclude that it is possible to distinguish
students: (1) by the number of actions performed with the code editor as well as the
number of class instantiation actions; (2) by the total time spent on the PrOgO interface
and; (3) by the actions performed to animate the robot of the 3D-scene.
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The AHC was conducted on the new observations’ coordinates in the 3-dimensional
space with respect to the chosen factors F1, F2, and F3. The algorithm returned four
homogeneous groups showing, for each participant, the group the user belongs to. After
running a PCA for a second time on the same initial variables with a supplementary
qualitative variable (the group to which an observation belongs to), we obtained a 2-
dimensional map (F1—F2) of the observations, coloured according to the category they
belong to (Fig. 3).

Observations (axes F1and F2: 47,99 %)

F2 (18,55%)
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Fig. 3. Map showing the partition of the participants into 4 groups. (Color figure online)

Table 4 supplements Fig. 3. It shows the percentage of observations for each class
and gives the 3-dimensional coordinates of the classes’ centroids with respect to the
axes F1, F2, and F3.

Table 4. Class size and central object coordinates in the subspace (F1, F2, F3).

Class | Objects (%) | Centroid (F1, F2, F3)*
1 18.18 (—0.42, —1.83, —0.04)
2 42.42 (—0.96, 0.13, —0.07)
3 21.21 (0.21, 0.89, 1.35)

4 18.18 (2.15, 0.31, —1.08)

Class central object coordinates in the sub-
space (F1, F2, F3).

Class-1 objects (the blue points) are plotted in the negative semi-plane of the F2
axis, which is highly correlated with the Total time variable (Fig. 3). This indicates that
class-1 members are students who have spent little time playing with PrOgO. They
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have low coordinate absolute values on the F1 axis, which means that they performed a
small number of actions, both within the code editor and the 3D scene. Few students
belonged to this class. The class-1 centroid is defined by the coordinates (—0.42, —1.83,
—0.04) in the subspace (F1, F2, F3), indicating first, that the user has performed a small
number of actions linked to the factors F1 and F3, and second, has spent little time
playing with PrOgO (—1.83 on the F2 axis). Thus, class-1 is covered by learners who
performed a small number of actions, since they have spent little time playing with
PrOgO. They represent 18.18% (Table 4) and may correspond to learners who were
not very interested in playing with PrOgO.

Class-2 objects (the green points) are plotted in the negative semi-plane of the F1
axis and mostly in the positive semi-plane of the F2 axis (Fig. 3). This indicates that
these class members performed a high number of instantiation actions in the 3D scene,
and no or very few actions within the code editor. The central object from Table 4 is
defined by the coordinates (—0.96, 0.13, —0.07) in the subspace (F1, F2, F3). It rep-
resents a student who created a lot of objects in the 3D scene and connected them to
each other without using the code editor. The user also played close to the mean time of
the experiment and performed no or very few animation actions (as the coordinate is
close to 0 on F3). As a result, class-2 members are students who constructed a 3D
robot, without using the code editor. They are numerous (42.42%) and have nearly
used all the time allocated to the experiment without animating their realisations.

Class-3 objects (the magenta points) are plotted in the positive semi-plane of F1 and
F2. According to the F1 axis, they have lower values compared to class-4 members,
and greater values compared to class-2 members. They are also located near to the
variables related to the animation actions, namely NB of callFuncColorFor, and NB of
callFuncTurnFor. Therefore, class-3 members stand out by having: (1) not a high
number of coding actions compared to class-4; (2) not a high number of construction
actions compared to class-2; (3) and finally a high number of animation actions
compared to class-2 and class-4. This can be confirmed by the central object having the
coordinates (0.21, 0.89, 1.35). It represents a student who used the code editor, has
spent time playing with PrOgO and has animated his construction. Class-3 members
are also not numerous, they represent 18.18% (Table 4).

Class-4 members (the red points) are located in the positive semi-plane of F1. They
have high values on the F1 axis and moderate absolute values on F2. Class-4 members
are students who performed the highest number of coding actions and had a limited use
of the 3D scene. The central object is defined by the coordinates (2.15, 0.31, —1.08),
representing a student who has performed most of his actions on the code editor, has
used the allocated time and has performed very few animation actions. Therefore,
class 4 contains participants that are differentiated by the highest number of coding
actions compared to the rest of participants.

6 Discussion

Based on the statistical analysis, we obtained four categories of learners who play
differently with PrOgO. A first important result is that a majority of students had mostly
accepted to play with PrOgO, since those who had spent little time on its interface
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represented a low percentage of students (Class-1) (Table 4). The majority of students
used most of the time allocated to achieve the game’s objective in three different ways:
students who were focused on the 3D scene with the goal to construct a meaningful 3D
structure (Class-2); those who were both focused on the 3D scene (high number of
animations) and the code editor (a high number of coding actions) (Class-3); those who
performed the highest number of code completion actions, and low construction and
animation actions within the 3D scene (Class-4). Thus, one group of learners was
focused on constructions within the 3D scene, whereas another was focused on the
code editor with a varying number of code completion actions.

One important result is that only a few students manipulated most of the learning
concepts (Class-3). These participants performed a high number of animation actions
(method calls concept), in addition to actions of construction within the 3D scene
(objects’ creation concept and modification of objects’ attributes values concept). They
were also characterised by code completion actions. From an educational perspective,
this behaviour is expected. Indeed, making links between connected and animated 3D-
objects, as metaphors of most of the represented OOP concepts and their coding, should
help beginners to understand these concepts and how they are coded. Consequently, the
hypothesis that learners should spend time playing with PrOgO to manipulate most of
the represented learning concepts is confirmed for a limited number of students (Class-
3). This may be due to the fact that students can perform the goal’s game both by
graphics and by code. They can master easily the interface while focusing only on
graphics (Class-2) or on code (Class-4). From an educational perspective, these beha-
viours might have other values. Further studies are needed to enable this to be identified
and assessed. In addition, as a design improvement of PrOgO, further usage scenarios
enabling the expected behaviour should be strengthened.

7 Conclusion

In this work, we have presented the PrOgO microworld dedicated for learning OOP to
beginners. We have described our methodology and the results of a study we conducted
to investigate learners’ behaviours when interacting with the programming concepts
represented in this microworld. Our methodology is based on playing analytics, by
recording and analysing the interactions of players. We processed a PCA and an AHC
in the analysis of data, leading to the characterisation of different groups of learners on
the basis of their behaviours when playing with PrOgO. The results showed that the
behaviour which is expected from an educational perspective, was triggered by a
limited number of students. Behaviours triggered by most students might have other
educational values which need to be identified and assessed in further similar studies.
Moreover, improvements in the design of PrOgO is needed to strengthen the expected
behaviour for which the educational value is known.

The contribution of the paper also consists of the methodology used for the eval-
uation of the use of PrOgO. This responds to the lack of standardised methodologies
for evaluating tools that support computer science education and programming in
particular [10]. It is also in line with the current concerns of the computer science
education research community. Indeed, querying the ACM Digital Library database
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with the expression “Programming Learning Analytics” returns 16,562 results (query
performed in March 2018). We perceive a high interest in this methodology, since it
considers a learners’ attitudes analysis, instead of collecting learners’ points of views or
observing their score progression by means of knowledge tests or questionnaires.
Moreover, this methodology is an alternative to comparatist approaches: instead of
comparing the efficiency of a digital learning environment, we proceed with the
analysis of learners’ use of the environment.
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Abstract. Computer science related curricula, standards and frameworks are
designed and implemented in many countries to incorporate informatics edu-
cation in schools, already starting with kindergarten and primary education.
A recurring point of discussion addresses the focus of those educational models
concerning the different fields of computer science - the topics related to the
scientific subject of computer science, or digital literacy (the set of skills and
competencies needed in everyday life in the digital age). In this paper, we
present a semi-automated approach to categorise learning outcomes of computer
science related curricula into one of those two categories. Categorisation is
performed with linguistic metrics computed for nouns and verbs of represen-
tative curricula of each category. The categorisation is compared against clas-
sifications of nine experts of computer science teaching and research. The results
show a matching categorisation for 70% of all learning outcomes and 90% of
learning outcomes uniformly classified by the experts.

Keywords: Curriculum - Computer science - Digital literacy -
Natural language processing - Primary education

1 Introduction

The incorporation of topics, skills and competencies related to computer science and
computer literacy in primary education is currently in focus worldwide [1]. Curricula,
standards and frameworks related to computer science are designed and implemented
in many countries. The developed curricula differ in many aspects. A possible dis-
tinguishing factor of comparison is the focus between computer science and digital
literacy categories. The former typically includes topics related to the scientific subject
of computer science, while the latter includes skills and competencies needed in
everyday life in the digital age. Experts are still in discussion about how the two terms
should be correctly classified, which of the two should be focused, and where to draw
the distinguishing line between the two categories regarding the formulation of learning
outcomes. One of the problems that arises from those open discussion points is that the
number of formulations and learning outcomes overwhelms researchers and curricula
developers who seek to determine the focus of a curriculum. Curricula often include
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between dozens and hundreds of formulations and learning outcomes, and manually
classifying them is a tedious work [2]. This paper describes a semi-automated approach
to categorise learning outcome formulations into computer science or digital literacy
categories. Natural language processing (NLP) techniques [3, 4] are applied to analyse
learning outcomes and extract categorisation features of representative curricula for
both categories, building dictionaries of verbs and nouns with their respective fraction
of occurrence in learning outcome descriptions. The approach is evaluated by cate-
gorising four computer science related curricula and comparing the results to a clas-
sification of experts of computer science research and teaching. The results show that it
is possible to determine the focus of a curriculum with the NLP-based categorisation
approach.

The remainder of the paper is structured as follows. Section 2 presents related work
and contrasts the presented approach. Section 3 covers the educational models used for
analysis and evaluation. Section 4 presents the experimental setup and the results.
Section 5 discusses the results, an application and possible implications. Section 6
summarises the contribution of the paper.

2 Related Work

With the recency of digital technology emergence, the concepts of computer science
are in the focus of researchers worldwide, especially for primary education. Most of the
resulting articles concerning computer science related curricula focus on one single
curriculum and describe this, possibly new, approach in a detailed way. A few other
publications analyse and compare different curricula for either primary or secondary
education, although most curricula combine those two levels. The article from
Barendsen et al. [1] focuses on computer science concepts in K-9 education (from
kindergarten to school level 9) and considers curricula from England, Italy and the
United States (US). To analyse the curricula, the learning outcomes of the documents
are grouped into knowledge categories with the help of open coding. The occurrences
and distribution of the codes within the knowledge categories are calculated and pre-
sented to compare the curricula. With the goal of designing a primary school cur-
riculum for computer science and programming, Duncan and Bell [5], in a first step,
compared different related curricula. For this purpose, they chose the main English-
language curricula for the primary school level, the Computer Science Teachers
Association (CSTA) K-12 Computer Science Standards [6], the England computing
curriculum, and the Australian Digital Technologies curriculum [7]. To identify pos-
sible key ideas and to show similarities as well as differences, the elements of the
curricula were categorised into six content themes [5].

An overview of the global situation of K-12 education is given by Hubwieser
et al. [8]. They use articles that discuss the situations in different countries as a
corpus. Following the steps for qualitative text analysis, the corpus is categorised
using the tool MaxQDA. They collected 249 competence statements and analysed
knowledge elements like ‘Algorithm’ regarding the verbs used in combinations with
them; as we will see later, this was a step that was also relevant for our work. The
statements of the ‘Goals’ category were manually preprocessed and collected into
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content categories. Afterwards, they compared those new categories and showed
which were covered in which countries [8]. The authors used a manual qualitative
analysis approach to extract, categorise and summarise text passages with different
topic foci from research texts. In this paper, we present an approach for semi-
automatic extraction and categorisation of learning outcome descriptions from cur-
ricula documents. Instead of a categorisation considering computer science topics, we
focus on the comparison of learning outcomes regarding computer science and digital
literacy categories.

3 International Educational Models

Different educational models vary in organisational circumstances, learning goals,
topics and teaching methods [9]. With a high number of educational models, the
number of basic pedagogical approaches used also rises. Some of them are based on
learning objectives or statements. Most of them differ in formulation, details and
volume. In this contribution, the umbrella term ‘learning outcome’ is used to collect all
the statements, and the following definition is used: “Learning outcomes are statements
of what the individual knows, understands and is able to do on completion of a learning
process [10].” This definition suffices for the purpose of this contribution as the focus is
on the used words and word combinations, not the structure or the volume.

3.1 Selected Curricula, Educational Standards, and Competency Models

Following the related work, two of the main English-language educational models for
computer science in primary education, the CSTA Computer Science Standards from
2011 and the Australian national curriculum for Digital Technology [5] are selected for
this contribution. As a recent update, the new CSTA Computer Science Standards from
2017 [11] and due tolocality, the curriculum 21 from Switzerland [12] were added. The
selected curricula, educational standards and competency models are briefly described.

CSTA K-12 Computer Science Standards (2011). The CSTA K-12 Computer Sci-
ence Standards from 2011 [6] are well known and often referenced in relevant literature
[1, 5, 9]. They start with the kindergarten and last until the twelfth grade. A combi-
nation of the levels K-3 and 3-6 covers an age range comparable to primary education.
These levels include 45 standards, 16 for levels K-3 and 29 for levels 3-6.

Australian Curriculum (AC). As part of the learning area “Technologies’, the subject
Digital Technologies was presented in Australia in 2013 [7]. It is an obligatory subject
from the first school year called Foundation (F) until the eighth year. The ninth and
tenth year is elective. The learning outcomes are described for each level, representing
two school years. That means levels F-2, 3—4 and 5-6 cover the age range of primary
education. For this range, 22 learning outcomes can be found, six of them belong to
level F-2, seven to 3—4, and nine to 5-6 [13].

Curriculum from Switzerland (21). In Switzerland, the new curriculum for primary
and lower secondary education called ‘Lehrplan 21 (curriculum 21)’ was presented and
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established in 2014 by 21 of 26 cantons with the possibility of individual adaptations
[12]. Tt includes the subject ‘Medien und Informatik (Media and Informatics)’ from the
first school year on. The levels of this curriculum are represented by ‘cycles’ containing
three to four school grades. For primary education, it contains overall 44 competence
levels, 14 for cycle 1 and 30 for cycle 2.

CSTA K-12 Computer Science Standards (2017). The reworked CSTA K-12
Computer Science Standards were presented in 2016 as a draft version and published in
2017. They differ from the older version in a lot of aspects, such as the levelling system
and the strands. Considering primary education, the level 1A (age range from five to
seven years), and level 1B (age range from eight to eleven years), are of interest. It
contains 39 standards for primary education, 18 in level 1A and 21 in level 1B [11].

3.2 Categorisation of Learning Outcomes

The categorisation of the learning outcomes is an often-applied method to compare
educational models [1, 5]. In most cases, the categories represent areas of interest, like
‘Algorithms’. This contribution looks at two more general categories to identify the
focus of the selected educational models: ‘computer science’ and ‘digital literacy’.

Considering the different terminology used in computer science related educational
models, it is necessary to clarify and define the term ‘computer science’ (CS) for this
contribution. In English-language countries ‘computer science’ is a common term,
especially in the US and Australia. In Europe, the term ‘informatics’ is frequently used.
For this contribution, we use these terms synonymously, following the definition from
the UNESCO/IFIP Curriculum 2000 [14]: “The science dealing with the design,
realization, evaluation, use, and maintenance of information processing systems,
including hardware, software, organizational and human aspects, and the industrial,
commercial, governmental and political implications of these.” This contribution builds
on this definition of computer science and uses the abbreviation CS.

The terms ‘digital literacy’ and ‘digital competence’ can be used synonymously. In
the ‘DIGCOMP Framework for Developing and Understanding Digital Competence’ in
Europe [15], ‘digital competence’ is defined as “the confident, critical and creative use
of [information and communication technologies] ICT to achieve goals related to work,
employability, learning, leisure, inclusion and/or participation in society. Digital
Competence is a transversal key competence which enables acquiring other key
competences (e.g. language, mathematics, learning to learn, cultural awareness)”. In the
following sections, this contribution will use this definition of digital literacy and refer
to it as DL.

4 The Experiment

This contribution presents a semi-automated approach to categorise learning outcomes
of different educational models with the aim of gaining information about their foci. To
evaluate our approach, in a first step, experts were asked to categorise the learning
outcomes into CS and DL using a questionnaire. The process and first results of this
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step have already been described by Pasterk and Bollin [2] and are summarised and
extended in Sect. 5.1. In a second step, a categorisation with the help of natural
language processing based on linguistic features is applied on the same learning out-
comes. This process, the results and a comparison to the results from the experts’
categorisation are presented in Sect. 5.2.

4.1 Learning Outcomes Classified by Experts

As described by Pasterk and Bollin [2], a group of nine experts, consisting of four
computer science teachers and five researchers in the field of computer science edu-
cation, participated in a survey to categorise the learning outcomes of three selected
educational models. To get a larger basis for the evaluation of the semi-automated
approach, the survey was repeated with the same group of experts and with two
additional educational models, the CSTA computer science standards from 2011 and
from 2017. Every expert completed a questionnaire including all learning outcomes of
the selected models for primary education in a random order and had to choose one of
the following categories: ‘CS’, ‘DL’, ‘Both’ or ‘None’. Further, they were asked to
describe their strategy for the categorisation process.

Experts’ Strategy. Considering the answers of the experts regarding their strategy,
seven out of the nine experts referred to the definitions of CS or DL. Six experts used
keywords that they assigned to either CS or DL. Finding keywords or key terms was
the way to categorise for two experts. Two other experts focused on the topics of the
learning outcomes and the combined objectives, which were often defined by key-
words. Eight out of nine experts took keywords into account during categorisation.

Results of Classification. First results have already been presented by Pasterk and
Bollin [2] and are summarised and extended in Table 1. The added results for the
CSTA curriculum from 2011 and from 2017 can also be found in Table 1. The general
categories CS and DL were determined by majority votes. Because of the possibility to
choose ‘Both’, this method can lead to undecided learning outcomes. However, this
concerned only a few learning outcomes, as can be seen in Tablel. Additionally, the
learning outcomes where there was a strong agreement between the experts are
included in Table 1. For those, at most, a single expert disagrees with the common
classification. Overall, the inter-rater agreement value (Fleiss’s kappa) is 0.43 and
shows a ‘“fair to good’ agreement, following the interpretation guidelines of Fleiss [16].

Table 1. Summary of the results from the experts’ categorisation

AUS |21 | CSTA 11 |CSTA 17
Number of LOs 22 |44 143 39
CS 10 |10|10 20
CS (Strong Agreement) | 7 31 0 9
DL 11 [32(32 18
DL (Strong Agreement) | 2 |19 16 5
Undecided 1 201 1
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Discussion. The results of the experts’ categorisation show that the selected educa-
tional models can be grouped into the two types ‘focus on digital literacy’ and ‘bal-
anced orientation’. As can be seen in Table 1, the Australian curriculum and the CSTA
standards from 2017 have nearly a uniform distribution between CS and DL. Whereas,
more than two-thirds of the learning outcomes from the curriculum 21 from Switzer-
land and the CSTA standards from 2011 were categorised into DL. Following the
majority of the experts, those two educational models focus on DL.

4.2 Categorisation by Linguistic Features

We now present an automated categorisation approach based on linguistic features to
assign a category, either CS or DL, to each learning outcome of the four analysed
curricula. The categorisation results are evaluated against the expert classification.

Linguistic Processing for Analysis. The analysed curricula are available as portable
document format (PDF) documents. Manual preprocessing was done by extracting the
texts of the learning outcomes. The extraction is implemented in Python. The process
of extraction of the linguistic features included the following basic techniques: nor-
malisation of words to improve comparability (lowercase, lemmatising); stop word
removal with a list of English stop words; and word tokenising to produce term lists.
Each learning outcome text constitutes a single element, called document, in the
analysis. Tagging is applied with a trained part-of-speech tagger [17] to extend the
words with part of speech categories. The learning outcome text is tagged in full
sentence form - ‘the students will be able to’ is added at the beginning. Tags are
grouped; one of the following categories is assigned to each word: noun, verb,
adjective, adverb, and other. After tagging, the sentence start is removed, and the tag
category and lemmatised words are stored as term list for each learning outcome.

Categorisation Process. For the categorisation, linguistic frequency measures of
curricula representative for CS and DL education are computed, following the same
linguistic processing, and stored in two dictionaries. The ‘Computer Science Curricula
2013’ (AIE) [18], created by a cooperation of the Association for Computing Machinery
(ACM) and the Institute of Electrical and Electronic Engineers (IEEE) members, con-
tains a set of curriculum guidelines for undergraduate CS programmes and is used to
build the dictionary for CS. For DL, the dictionary is built from three curricula. ‘The
Digital Competence Framework for Citizens’ (Dig) [19] designed by the European
Union in 2017, ‘British Columbia Digital Literacy Framework’ (BC) [20] from the
Province of British Columbia, and ‘Digi.Komp’ (DK) [21] from the Austrian initiative
for digital competencies and informatics education.

The considered linguistic features include term frequency (TF), term frequency
over inverse document frequency (TF-IDF) and document frequency (DF) [3, 4]. The
metrics TF and TF-IDF performed poorly for the categorisation because of size dif-
ferences in the dictionaries. For categorisation, the DF value is used. In context, this
value describes in which fraction of learning outcomes a term occurs.

For each learning outcome to be categorised, the sum of the DF values of the
occurring tagged terms in the two dictionaries was computed. Insights from the experts’
strategies suggested that content terms (nouns), cognitive activity terms (verbs) and
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their combinations should be considered. In this contribution, individual terms tagged
as nouns and verbs are counted. The highest value determines the category. When both
sums are within 10% of the highest value, a third category ‘undecided’ is assigned.
Figure 1 shows an example of this process.

“The students will be able to recognize that software is created to control
computer operations.”
[recognize, software, create, control, computer, operation]

CSvalue:  0.0054 + 0.0928 + 0.0018 + 0.0180 + 0.0243 + 0.0180 = 0.1603
DL value:  0.0000 + 0.0294 + 0.0441 + 0.0059 + 0.0765 + 0.0088 = 0.1647

Automatic categorization: undecided
Expert categorization: 4 CS, 4 DL, 1 Both

Fig. 1. Example for learning outcome processing from CSTA standards from 2011 [6]

Comparing Categorisation Results to Experts’ Classification. The automated cat-
egorisation results are compared to the expert classifications in two ways. First, the
categorisation is compared against the expert classification regarding all learning
outcomes of the curricula. The results show the categorisation performance for a wide
range of learning topics. Second, the categorisation is separately compared against the
classification of learning outcomes for which the experts showed a strong agreement.

Table 2 summarises results of all possible combinations of different sets of the
curricula used for building the dictionary for DL categorisation. The results show the
fraction of matching categorisations. E.g., row five shows the approach achieves a
match with expert ratings for 74% of all learning outcomes of CSTA 11 using BC and
DK for the DL dictionary. For the categorisation of uniformly classified learning
outcomes, this configuration matches in 94% of the DL learning outcomes, and 94% of
all those learning outcomes. CSTA 11 does not contain uniformly classified CS
learning outcomes, indicated with ‘—’. No single dictionary performs best for the
categorisation of all analysed curricula. The best overall categorisation scores are
achieved by DK for a single curriculum dictionary, with scores in the range .64 to .75
and a mean score of .70, and by the combination of BC and DK for a multi-curriculum
dictionary, with scores in the range .68 to .74 and a mean score of .70. Notably, these
two dictionaries perform best for two different sets of analysed curricula.

Regarding categorisation of uniformly classified learning outcomes, again no single
dictionary performs best. Measured with the sum of matching categorisation scores, the
dictionary built with BC performs best for categorising CS learning outcomes and
overall uniformly classified learning outcomes, with mean scores of .81 and .90,
respectively. The dictionary built with all three curricula performs best for categorising
DL learning outcomes, with a mean score of .99, mismatching one learning outcome.
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Table 2. Comparison of results

“Curricula AUS, all 21, all Agreement CSTA 11, all CSTA 17, all

for DL dict. Agreement Agreement Agreement

BC 73 70 65 64
10 |10 (10 |8 [.67 |89 |88 |— |88 .86 [.78 |10

Dig 73 57 67 67
89 (10 |50 |64 [67 63 (10 [— |10 |71 [56 10

DK 73 75 70 64
89 [86 (10 |91 [67 |95 |94 |[— o4 |79 [718 80

BC, Dig 73 64 72 64
89 (10 |50 |73 [34 79 (10 | 10 |71 |56 |10

BC, DK 68 70 74 69
8 |86 (10 |81 |.67 |84 |94 |— |94 86 |.78 |10

Dig, DK 73 70 67 64
8 |86 (10 |77 |67 79 (10 |— |10 |71 [71 10

Dig, BC, DK 68 75 72 67
89 (86 (10 |91 [67 95 (10 |— (10 |79 [67 (10

“The header denotes analysed curricula. Results rounded to two decimal places use the format [All CS DL] to
show overall relative match of categorisation and relative match for competencies with strong expert
agreement. Best scores per column and category are marked bold

5 Discussion

With the help of the experts’ categorisation, it was possible to identify the foci of the
selected educational models. For automated categorisation, the best performing sets of
dictionaries with an accuracy of 70% are AIE for CS and DK for DL or the combi-
nation of DK and BC for DL. To identify the foci of the educational models, the
numbers and fractions of categorised learning outcomes are presented in Table 3.

Table 3. Application of categorisation with two different dictionaries

AUS |21 CSTA 11 | CSTA 17

CS Experts 10/.45/101.23/10 |.23 |20 |.51
AIE/DK 7 13217 |.16|8 A9 119 | .49
AIE/BC,DK |8 |.36/7 |.16|9 21 |17 | .44

DL Experts 111.50132].73/32 |.75 |18 |.46
AIE/DK 15].68|35|.80 |31 g2 115 .39

AIE/BC, DK |9 |.41|34|.77 |31 g2 117 | .44
Undecided | Experts 1 [.05/2 |.04]1 02 |1 .03
AIE/DK 0 |.00/10|.23 4 09 |5 12
AIE/BC,DK |5 |.23|7 |.16|3 07 |5 12
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As can be seen for the Australian curriculum (AUS), the dictionary based on
AIE/DK tends to identify a focus in DL (.68 compared to .32 in CS). Following the
results of the dictionary based on AIE/BC, DK this curriculum is balanced (.41 for DL
and .36 for CS). This balanced view corresponds to the results from the experts’
choices. For the curriculum 21 from Switzerland, a clear focus on DL can be identified
with both dictionaries having similar results (.77—.80 in favour of DL). This result
corresponds to the experts’ categorisation. A similar situation can be seen for the CSTA
standards from 2011 where a focus for DL is visible (.72 in favour of DL). Here again,
the results from the experts also indicate a focus on DL. Following the experts’ results,
the CSTA standards from 2017 tend to be balanced, which is also reflected by the semi-
automated generated results (.39-.49 for CS and .44 for DL). Summarising, the semi-
automated categorisation matches the experts’ opinions in the identification of the
focus for the majority of the analysed educational models. In three cases, both dic-
tionaries of the semi-automated approach identified the same foci as the experts did. In
one case, only the results from the dictionary based on AIE/BC, DK corresponded with
those of the experts. An important conclusion is that the quality of categorisation is
highly dependent on the curricula used for building the categorisation dictionary.

The semi-automated approach presented in this contribution shows a few threats to
validity. The translation of the learning outcomes from the German-language cur-
riculum can lead to the use of different terms. This can result in a lower frequency of
important terms. Because all of the experts were from Austria, it can also be the case
that they are biased by the local, well-known ‘digikomp (DK)’ competency model
which was chosen to build the dictionaries. This could be a factor resulting in the
higher performance of the dictionary based on DK. Another threat can be that expert
categorisation can arise from misinterpretation, invalidating the comparison.

6 Conclusion and Future Work

Educational models are designed and implemented on different levels in many coun-
tries. These models include national curricula, workgroup recommendations, compe-
tency frameworks and guidelines. There is ongoing discussion about whether this
newly implemented education trend should focus on topics related to the scientific
subject of computer science or the development of skills and competencies needed in
everyday life in the digital age. In this paper, we present an approach to semi-
automatically categorise learning outcomes of computer science related curricula into
computer science or digital literacy categories. For each of the categories, a dictionary
of noun and verb terms of curricula representative for the category was built. The value
of relative frequency of each term in all learning outcomes of the dictionary was used
as a categorisation metric. The categorisation was applied to four computer science
related curricula, and results were compared against classifications from nine experts of
computer science teaching and research. The best performing dictionaries achieved a
matching categorisation of 70% of all learning outcomes of the analysed curricula.
Furthermore, for learning outcomes which were uniformly classified by the experts (at
most one expert disagreed), the best performing dictionary achieved a matching cat-
egorisation of 90% of those learning outcomes. The results suggested that the focus of a
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curriculum regarding the two categories, computer science and digital literacy, can be
identified with the application of the approach. Our goal for future work is an automatic
classification of computer science related curricula and the individual learning out-
comes regarding different categories. Going forward, we intend to take into account the
verb and noun phrases for categorisation, following the general strategy of the experts.
Additionally, we want to compare our approach of categorisation with machine
learning classification and with sets of additional linguistic features. We also plan to
evaluate them against a larger set of expert ratings, including additional experts.
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Abstract. The myth of the “digital native”, pedagogical beliefs about ICT and
its place in education, and the reality of a teacher as an ICT role model each
contribute to the attitudes school students develop about ICT. All Australian
teachers, regardless of discipline, are required to incorporate ICT in their les-
sons. The way pre-service teachers (PSTs) are educated has a direct impact on
their ability and desire to teach digital competence to school students. Using 482
first year PSTs’ experiences and expectations as a lens, teaching degrees at an
Australian university were investigated, using a mixed methods approach, to
find out whether the ICT content was appropriate to prepare graduate teachers to
implement the national curriculum. Findings indicated that the teaching degrees
did not meet all PSTs’ needs. PSTs wanted more explicit instruction in the
practical and pedagogical implications of using ICT in the classroom, and some
even wanted training to navigate the university’s online systems. These findings
indicate that assumptions implicit in universities about digital competence may
be invalid. Recommendations include suggestions that universities review their
expectations of PST digital competence and consider including both embedded
and explicit methods of teaching ICT in teaching degrees.

Keywords: Initial teacher education - Digital competence -
Pre-service teachers - Information and communication technology

1 Introduction

In order to prepare students for the future, the current Foundation to Year 10 Australian
Curriculum includes digital competence in two ways. The first is as a discipline area -
the digital technologies strand - taught either as a separate subject or embedded across
the curriculum. The second is as a general capability in information and communica-
tion technology (ICT) which is taught by all teachers regardless of their discipline
areas. The ability of teachers to successfully implement the curriculum, however, is
varied [1] and this phenomenon appears to be worldwide [2]. One problem is that
institutions that deliver teaching degrees hold inaccurate assumptions about pre-service
teacher (PST) digital competence and so do not cover this area properly. Upon grad-
uation, these new teachers may be unable to teach school students the basic digital
literacy expected in today’s society.
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In addition, to be effective, teachers require more than just the technical skills
needed to deliver the curriculum. As digital technology advances at a rapid rate, it is
not always possible to keep up with the latest developments and risk-taking skills need
to be developed, leading to courage and a confident attitude when presented with new
digital technologies. Teachers are socialisers who transmit their values, attitudes and
priorities to their students regardless of the curriculum [3]. Teaching degrees should
build PSTs’ digital competence to the point where they become positive ICT role
models if the envisaged outcomes of the curriculum are to be achieved. This is par-
ticularly pertinent for female teachers, who make up 86% of primary school teachers
and 62% of secondary school teachers in Australia, as females are underrepresented in
the ICT field [4]. Research in the field of initial teacher education in ICT has mainly
focused on problems of practice, but, as highlighted by Tondeur, Roblin, Van Braak,
Voogt and Prestridge [5], the links between graduate teacher digital competence and
future success of their students remains an area in the literature which needs further
review. The adequacy of one Australian university’s teaching degrees’ ICT content is
investigated in this paper.

2 Literature Review

Digital competence is more than knowing how to use computers, tablets and smart-
phones. Ferrari [6] suggested that being digitally competent not only encompasses an
understanding of technical operations, but should also include information manage-
ment, collaboration, communication and sharing, creation of content and knowledge,
ethics and responsibility, evaluation and problem solving. Mishra and Koehler [7]
proposed the Technological Pedagogical Content Knowledge (TPACK) model for
effective incorporation of technology into teacher education. The model suggests that
educators not only need Technological Knowledge, but an understanding of Peda-
gogical Knowledge and Content Knowledge (of both the ICT aspects of the curriculum
and the discipline area) as well. In order to successfully integrate technology in edu-
cation, there needs to be an intersection between these three knowledges. These
researchers highlight the breadth of digital competence and the importance of under-
standing how ICT fits within every lesson, no matter what the discipline.

2.1 Teachers as Role-Models

Students are socialised into their attitudes about ICT by teachers, parents, peers, and the
media [8, 9]. Students themselves have reported that when making decisions about
future studies or careers these same groups are the main influencers [10]. Teachers
affect the way students see themselves [11]. Females, in particular, have been found to
develop self-efficacy through vicarious modelling in their relationships with teachers
[12]. Encouraging, passionate teachers, and good student-teacher relationships have
been reported as making students’ sense of belonging to an ICT environment stronger
[13]. A good teacher can significantly improve a child’s school performance [14].
Butler [15] argued that teachers can give messages to girls, sometimes unconsciously,
that they do not need to participate in digital technology. Teachers’ stereotypical beliefs
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and attitudes about appropriate behaviour and roles for boys and girls, and technology,
have been found to distort their perception of actual student abilities [16] and subtly steer
girls away from ICT [17]. Similarly, researchers have claimed that student performance
can be predicted by examining teachers’ expectations and beliefs about student ability
[18].

2.2 Teaching Degrees and ICT as a Cross Curricular Priority

While governments, the community and PSTs themselves expect that by participating
in teaching degrees students will increase their digital competence, this does not seem
to match with what is actually happening in universities [19]. A lack of preparation in
terms of teacher education has been blamed for slowing the journey to digital com-
petence [20, 21]. This is problematic as teaching degrees are a vital motivator and
contributor to future integration of ICT by PSTs [5]. In order to explore the com-
plexities of preparing PSTs, there first needs to be an appreciation of their digital
education prior to university, which for most undergraduates, is school.

The Australian National Assessment Program in Information and Communication
Technology (NAP-ICT) results showed that only 52% of Year 10 students reached
proficiency level and, notably, there was a statistically significant drop in digital
competence since the last assessment across all cohorts of students [22]. It is unsur-
prising then, that Murray and Perez [23] found that 72% of the students in their
university course could not be considered digitally competent. Studies into the ICT
competence of first year university students suggested that they tended to use a limited
range of technologies in ways which did not correspond with institutional expectations,
with significant variations in digital competence across the university student body
[24]. These results add weight to previous findings that so-called “digital natives” [25]
do not share new ways of working and learning linked to ICT and have failed to
achieve the digital competence levels expected [26].

The importance of ICT in teacher education is recognised in the Australian Pro-
fessional Standards for Teachers [27], which explicitly mention ICT competence.
Graduate level teachers are expected to “implement teaching strategies for using ICT to
expand curriculum learning opportunities for students”, “Demonstrate knowledge of a
range of resources, including ICT, that engage students in their learning”, and
“Demonstrate an understanding of the relevant issues and the strategies available to
support the safe, responsible and ethical use of ICT in learning and teaching”
(standard 4.5). The Professional Standards for Teachers form part of the criteria against
which teacher education programmes are accredited.

PST education is directly related to school students’ results [14]. Clearly, as
teachers are the ones teaching digital competence, their teacher education programmes
should be preparing them for that [28, 29]. Alarmingly, however, many teacher edu-
cation degrees are not designed to have a strong influence on the technology use of
PSTs and fail to explicitly address digital competence [23, 30].

Buabeng-Andoh [31] suggests that the lack of educational opportunities and sup-
port for developing ICT skills was one of the barriers to digital competence. While
education degrees may include a single technology unit [32], the units are usually
deemed insufficient for PSTs to be adequately prepared for the complexities involved in
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integrating ICT [33]. Although at many universities the ICT requirements for
accreditation have been achieved by embedding digital literacy across the curriculum
[23], discipline units often demonstrate or require little to no technology integration
[32]. Consequently, after graduation, PSTs may be unable to deliver the Australian
Curriculum as envisaged.

Black and Smith [34] found that when PSTs were asked how well they thought
their lecturers in education modelled ICT in their units, only 26% thought it was done
well with 9% indicating they did not think their lecturers had embedded ICT at all.
Even where the focus had been on becoming skilled in using applications, little was
done to help the students understand how to include the technology in their own
teaching or facilitate subject learning [34].

3 Methodology

For entry into teaching degrees at this Australian university, students must demonstrate
they have achieved minimum levels of numeracy and English language competence
[35] and have particular personal and professional characteristics [36], which the
teaching degree builds upon. Demonstration of a minimum level of digital competence
is not required, and so the university has simply assumed a level of digital competence,
which informs the ICT content of the degree.

Using PSTs as a lens, this study investigated whether the ICT content of teaching
degrees in an Australian university was adequate. This was explored through two
questions:

1. How digitally competent do PSTs believe they are, and does this indicate a mini-
mum level which can be assumed by universities?
2. Do PSTs reflections indicate that the ICT content of their degrees are adequate?

This study was conducted using qualitative and quantitative methods interwoven in
a mixed methods approach [37]. Ethics for the study were obtained through the
Monash University Human Research Ethics Committee.

From 2015 to 2018, during O-week sessions promoting opt-in ICT classes, first year
students who were enrolled in either a Bachelor of Education (Foundation-12), Bachelor
of Education (Early Childhood/Primary), a Masters of Teaching (Primary/Secondary) or
a Masters of Teaching (Primary) were invited to be part of this study. Students were
asked to complete a survey that was available online or on paper, according to student
preference. Completed surveys were returned to the researchers immediately after the
one-hour information sessions. The survey included a question inviting students to take
part in follow-up group interviews. Surveys were returned by 482 students (366 females,
110 males, 6 unknown) and three group interviews were conducted with 10 students.

The survey included questions addressing digital self-efficacy as well as confidence
with, interest in and attitudes towards ICT based on a five-point Likert scale. The
responses were coded as 1 = Strongly disagree to 5 = Strongly agree, or 1 = Low to
5 = High. One sample t-tests were used to determine whether attitudes were statisti-
cally significantly different to the middle value, “Unsure” or “Moderate”. The p-value
was set at .05 for significance [38].
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Group interviews were conducted towards the end of the first semester and
explored some of the themes which emerged from the quantitative data. The sessions
were audio taped and the tapes were later transcribed for analysis. Thematic analysis of
the qualitative data were conducted using Nvivo.

4 Results and Discussion

4.1 How Digitally Competent Do PSTs Believe They Are, and Does This
Indicate a Minimum Level Which Can Be Assumed by Universities?

From the quantitative data, one sample t-test results indicated that for all but one
statement (If something goes wrong with digital technologies I panic, M = 3.15, which
is statistically significantly different to 3, “unsure”) PSTs were, on average, positive
about digital technologies and their own digital competence. However, as every teacher
is required to competently deliver the ICT components of the curriculum, a measure of
the average response is not enough. It is important to gauge the percentage of responses
indicating negative attitudes or lack of self-efficacy in order to investigate the minimum
level of digital competence that can be assumed. The lower two response categories
and the higher two response categories for the questions have been combined and
presented in Table 1.

Table 1. Percentage of student responses for each response category.

Statement % % %
Low |Moderate | High

Please indicate what you think is the priority given to computer 5.6 31.0 63.3

education within schools

How would you rate your skills with digital technologies? 12.1 46.6 414

How would you rate your enjoyment of using digital 4.5 27.1 68.4

technologies?

How would you rate your enjoyment of using digital 7.3 310 61.7

technologies in classrooms?

If something goes wrong with digital technologies I panic 334 223 44.2

I find it easy to teach myself how to use a new program 11.2 227 66.1

I feel nervous when I have to learn something new on the 59.4 16.6 24.0

computer

I don’t understand how some people can get so involved with | 61.6 |22.2 16.2

digital technology

I enjoy thinking up new ideas and examples to try out on 153 |27.8 56.9

digital technology

I would like it if people thought of me as a computer geek 383 |349 26.8

If I can avoid using digital technologies, I will 67.7 15.5 16.9

I am good at fixing problems with digital technology 27.8 29.5 42.8

I think it is important to use digital technologies for learning 4.2 6.8 89.0
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Table 1 shows large differences in PSTs’ evaluation of their own digital compe-
tence, and attitudes towards ICT. Only 41.4% of students communicated that they had
high or moderately high digital technology skills with 12.1% of students actually self-
identifying as having low skills. Answers indicating negative attitudes or low self-
confidence ranged from 4.2% to 44.2%. This suggests that an emphasis on ICT
components of teaching degrees would be beneficial for a sizeable minority of PSTs.

4.2 Do PSTs’ Reflections Indicate that the ICT Content of Their Degrees
Are Adequate?

Towards the end of the first semester, PSTs had some experience of the ICT content
and expectations of the degree. While some PSTs interviewed were clearly very dig-
itally competent, others appeared to have trouble coping and were concerned that the
course content did not match their expectations. A thematic analysis of the qualitative
data were conducted and four key themes emerged as discussed below:

(1) Not all students have the digital self-efficacy assumed

The university’s expectation of students is that they have the digital competence to
engage in the risk-taking associated with navigating new digital technologies such as
the university’s online enrolment and learning management systems. As summarised
earlier in Table 1, at least 12% of students surveyed rated themselves as having low
skills, found it difficult to teach themselves new programs, felt nervous when they had
to learn something new, did not feel they could fix problems and panicked if something
went wrong, and would avoid using digital technologies if they could.

These sentiments were echoed by participants in the group interview who indicated
that they had wasted a considerable amount of time learning to navigate the online
systems, which they found very stressful. They believed the university should run
introductory sessions for the students, suggesting that they would attend weekend
sessions or even pay for a workshop. Students also expressed concerns that the changes
in digital technologies were so fast they found them overwhelming. They did not feel
able to sort out which new developments they should focus their energy on and wanted
more instruction from teacher educators. Some participants also revealed how little
experience they had with ICT, finding the jump in expectations from high school to
university surprising. As teachers model behaviours to students, and if teachers do not
have the confidence to engage with new technologies, this will be picked up by their
students [39].

(2) Digital technologies need to be explicitly modelled by lecturers, but also played
with

PSTs signalled that competence with digital technologies was not something that
came naturally and needed to be worked on. They compared it to learning a new
language that had to be studied and practiced, because not only is it a new concept, but
they also have to learn how to use it and when and why it is appropriate. In addition,
PSTs found learning on their own was not enjoyable and were looking for alternative
ways to gain this knowledge. They believed that use of ICT must be modelled and
explicitly demonstrated by the teacher educators and that unless the PSTs themselves
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were able to play with the technologies in a meaningful way in the workshops, they
were unlikely to adopt them for their own classes. If PSTs were left to learn to use
digital technologies on their own, they found it a chore. This reflects findings shown in
Table 1 where around 16.2% of students indicated that they could not understand how
people can become so involved with digital technologies.

Comments from students also suggested that unless the pedagogical implications of
programs that they had seen modelled in lectures and tutorials were explicitly dis-
cussed, students had difficulty imagining how programs could be adapted to be used in
other disciplines, year levels, or other educational contexts.

(3) Digital technology education is an extra

As shown Table 1, the results of the questionnaire showed that 11% of students
were unsure or did not agree that it was important to use digital technologies for
learning. In addition, 36.6% of students believed schools gave a low or moderate
priority to computer education. This was reflected in comments from the group
interviews where postgraduate students in particular suggested that they believed that
their own education, which did not include ICT, was sufficient and that digital tech-
nologies were not a requirement of education, rather an add-on to keep students
interested. They indicated that they thought of digital technologies as an optional extra
that could be used as a tool if the teacher chose to do so. While they conceded that
digital competence was important, they believed that students could learn this outside
of school, as indeed they had done themselves, albeit painfully. Students also expressed
concern that digital technologies in schools were getting in the way of a “proper”
education and that they would make classroom management more difficult. These
attitudes do not reflect the Australian Curriculum, and if modelled to school students,
could result in school graduates without the level of digital competence envisaged. At
one extreme the curriculum would be subverted and at a lesser level it would be
compromised.

5 Conclusion

The results of this study indicate that while the current structure of the teaching degrees
at this university may be adequate for the majority of first year students, university
assumptions have meant that the way digital competence is taught in teacher education
programmes may not address the needs of all students, as approximately 12% of
students have self-identified as having low self-efficacy or negative attitudes towards
ICT. While this percentage may not seem large, imagine if 12% of PSTs graduated
without the literacy or numeracy skills expected.

The qualitative and quantitative data collected for this study suggest a variety of
perceived abilities and a range of attitudes towards ICT among PSTs. This indicates
that universities need to carefully consider their assumptions about the minimum level
of digital competence PSTs have. Worryingly, at this university, some PSTs struggled
to access and understand basic university systems. When instruction is required at this
level, it is unlikely that these PSTs will gain a comprehensive understanding of the



98 A. McLeod and K. Carabott

technological and pedagogical knowledge required to incorporate ICT into their
teaching without extensive explicit instruction.

These results show that students’ concerns are, perhaps, not presently being
addressed in this university’s teaching degrees and some students could benefit from,
and are actively asking for, more ICT content and opportunities to play with digital
technologies as part of their degree. It is clear from their comments and concerns that
PSTs felt the pedagogical implications of using technology in classrooms had not yet
been adequately addressed. While it must be kept in mind that these were first year
PSTs who had only participated in one semester of their degrees, for many, their
expectations were not being met. If teaching degrees are to truly prepare PSTs to
deliver the envisaged Australian Curriculum, then instruction in ICT needs to happen
throughout their degree. Existing assumptions about the way PSTs become digitally
competent need to be re-examined and degrees restructured to reflect this, otherwise
graduate teachers may not be able to use ICT across the curriculum to support the
digital competence of their own students.
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Abstract. Due to the shortage of IT teachers in Italian schools, the teaching of
computational thinking is carried out by in-service K-12 teachers from scientific
areas not specialised and by novices in computer science (CS). It is crucial to
investigate not only the training of teachers in digital skills, but also how their
beliefs, attitudes and behaviours can affect, in detail, their implementation in the
classroom. From these premises, the present exploratory study investigates the
self-efficacy beliefs, intrinsic motivation and perceived effort of a group of 46
teachers who, on a voluntary basis, engaged in a 20-h workshop on CS teaching.
The results show a significant improvement in self-efficacy, despite their per-
ception of strong effort to master the subject.

Keywords: Teacher training - Computer science education - Self-efficacy -
Intrinsic motivation - Perceived effort

1 Introduction

The educational policies of the last few years have been decisive in promoting the
inclusion of computational thinking (hereafter CT) in the school curriculum in several
European countries and the rest of the world. The aim is to prepare students for a world
strongly influenced by information technology [1, 2], encouraging in the new gener-
ations a culture of creation and production rather than the mere consumption of
technology.

In Italy, CT has been introduced in primary and secondary schools since 2015 [3].
This educational reform, albeit accompanied by a certain initial enthusiasm, never-
theless presents considerable difficulties for primary and secondary schools (hereafter
K-12), among which are: the lack of teachers with sufficient knowledge of the subject
as well as complete novices; educational activity in computer science (hereafter CS)
carried out by non-specialist teachers or, in some cases, replaced by external IT experts;
and insecurities on the part of teachers studying this new subject. A similar situation
has been reported in other countries, including: the United States of America
(USA) [2], the United Kingdom (UK) [4], Israel [5], and others (see Sect. 2).
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The reforms in Italy (as in other countries in the world) have to deal with the lack of
CS teachers capable of covering the needs of the entire national school territory. The
situation in Italian primary schools, which appears to be the most delicate, has the
following peculiarities: 69% of teachers have only a high school diploma; the
remaining ones have a higher degree mainly in the science of primary education; and
96.5% are women with an average age of 54.3 years [6]. Nearly all of these teachers are
complete novices in CS. Turning to Italian middle schools, we find that there are
practically no teachers of CS due to a normative problem: information technology can
be taught by engineers or architects; while science is taught by graduates in biological,
geological, natural, environmental, agricultural, mathematical and physical sciences
(also by some engineers). The average age of teachers in these schools is 53 years, of
which 22% are male [6]. The presence of CS teachers in the middle schools is not
common (these teachers are specialist subject teachers but not specialised in CS); while
CS graduates can teach mathematics, applied mathematics and CS in some high
schools. As a result, almost all teachers who are involved in training in CS in middle
schools are non-CS scientific area teachers. Even if there were to be a change in the
current legislation, it seems a remote possibility that the few graduates in computer
science in Italy would be attracted to work as teachers in K-12 schools, both because of
the low salary remuneration compared to other school roles, and the high job insecurity
in the teaching profession.

Unfortunately, at the moment, there is little research on this precise group of K-12
teachers working in scientific areas not specialised in CS (mainly present in middle
schools) or novices at CS (present in primary schools). From research carried out in
other countries (USA [2], UK [4], Israel [5]) there are numerous critical issues related
to the training of K-12 teachers, also shared in Italy. These include fragmentation and
discontinuity of training courses throughout the year, to which is added the hetero-
geneity of the background of teachers who take training for these courses (both the
starting degree and the level of the school where they work). There are CS certification
programmes for teachers, recognised by the Italian Ministry of Education, but they
have “no tangible relationship with what you need to teach in a computer room” [5].
Unfortunately, there is very little research literature on the beliefs about difficulties,
obstacles and perceived efforts that teachers meet in this initial update phase, which
requires shifting from information and communication technologies (ICT) to computer
science education (see Sect. 2). In Italy, as well, this type of analysis is still an
unexplored territory. For this reason, the present exploratory survey aims to investigate
the beliefs of self-efficacy, intrinsic motivation and perceived effort required for K-12
teachers involved in CT training courses. In particular, the research questions which we
will try to answer are: (1) what are the self-efficacy beliefs of K-12 teachers in-service
involved in programming workshop activities?; (2) what perception do K-12 teachers
have regarding the intrinsic motivation and effort required and the skills involved in
programming activities?; and (3) based on their training-workshop experience, would
teachers be able to imagine themselves confidently performing similar classroom
activities with their students? The objectives of the research are: (1) to establish the
factors that influence the self-efficacy and intrinsic motivation beliefs of K-12 teachers
who are studying how to teach programming in the classroom; and (2) to determine the
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impact of the beliefs of K-12 teachers regarding their ability to teach programming in
the classroom.

The exploratory survey was carried out in the course of a 20-h programming
laboratory for 46 K-12 teachers. Teachers’ participation in the workshop was free and
purely on a voluntary basis (no credits or scores were expected).

2 Related Work

The Royal Society [4] has reported that “There are simply not enough teachers with
sufficient subject knowledge and understanding to deliver a rigorous Computer Science
and Information Technology curriculum in every school at present”. In parallel, the
European Commission has expressed serious concern that “digital literacy is taught
mainly by specialist teachers at secondary level but in approximately 50% of countries
it is also taught by other specialist teachers such as mathematics or science teachers”
[7]. “Information Technology is not taught by specialist teachers in Ireland, France,
Italy, the Netherlands, Sweden, Liechtenstein and Norway — even at secondary level”
[4]. Yadav et al. [2] record a similar situation in the United States: “efforts to increase
the number of CS teachers have predominantly focused on training teachers from other
content areas”. There have been several research inquiries that document the experi-
ence of computer scientists who teach other scientific subjects in schools. By contrast,
there has been little study of the experiences of scientists not specialised in computer
science who are asked to teach CS in K-12 schools. Also as pointed out in a number of
studies [2, 4, 5], little is known about the difficulties of teachers with no scientific
background who must be trained in CS in order to teach it in the classroom. Some
studies [2, 8, 9] identify several obstacles which are faced by teachers in CS who teach
outside their discipline, such as feeling isolated, teaching in multiple disciplinary areas,
class management and insufficient planning time. Veenman [9] identifies 24 crucial
problems by means of a meta-analysis work of 83 studies. Among these are difficulties
in evaluating student work, a heavy teaching load that leads to reduced planning time,
problems in lesson planning, inadequate knowledge of the subject matter and insuffi-
cient assistance and support. Other studies report that novice teachers are faced with
other challenges such as: loneliness, isolation [2, 10] the lack of adequate IT back-
ground and limited resources for professional development [2]. “The researchers
argued that these teachers need support during the first years of teaching to increase
their content and pedagogical knowledge, self-efficacy and beliefs about what it means
to be a successful teacher” [2]. This support should be extended as well to novices and
scientists non-specialised in CS K-12 teachers, in both pedagogy and content, taking
into account the different educational backgrounds (scientific and not) and the students’
education level, as precisely these teachers are facing the first impact of the intro-
duction of CS in K-12. Unfortunately, there is a lack of research documenting what is
needed to respond to the needs of these teachers. For this reason, the objective of this
exploratory study is to begin an investigation of the critical difficulties faced by K-12
teachers of CS with regard to their self-efficacy beliefs and their perceived effort. “The
efficacy beliefs of teachers are related to their instructional practices and their students’
achievement” [11].
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3 Methods and Instruments: Self-efficacy, Intrinsic
Motivation and Perceived Effort

Based on the research questions and objectives presented in Sect. 1, the exploratory
survey analysed the results of self-efficacy, intrinsic motivation and perceived effort,
according to the following independent variables: gender, age, length of service,
diploma or degree, level of education in which the teacher works, subject of teaching,
and previous experience of teaching CS courses. The aim was to verify if these matters
have a statistically significant impact on the dependent variables. For this reason, a
programming workshop was organised, which was preceded and followed by the
administration of: (1) pre-test and post-test questionnaires on the beliefs of self-efficacy
and intrinsic motivation; and (2) a brief unstructured interview, post-laboratory, aimed
at investigating the perceived effort.

The first questionnaire was based on the New General Self-Efficacy scale [12]. This
instrument is dedicated to understanding the self-confidence of teachers regarding their
learning of CS and their competence to master specific academic domains concerning
programming in CS. Pajares [13] found that there was a “strong relationship between
teachers’ educational beliefs and their planning, instructional decisions, and classroom
practices”. The self-efficacy questionnaire was based on 8 items on a 5-step Likert
scale: from 1, on the “completely disagree” pole, to 5, on the “completely in agree-
ment” pole. The questionnaire investigated the following aspects: the level of self-
efficacy in activities of teaching and learning about the subject; expectation of success
in the CS workshop; mastery of the computer skills required; work commitment
required; teachers’ abilities in relation to the programming activities; the achievement
of the educational objectives; and the security of managing the evaluation of teaching
activities with students.

The teachers’ intrinsic motivation, based on a 5-step Likert scale (as with the
previous questionnaire), was measured by a selection of 11 items from the Intrinsic
Motivation Inventory (IMI) [14]. The original questionnaire consists of seven sub-
scales. For this research, three subscales were selected: (a) “interest” to teach pro-
gramming: this refers to teachers’ general intrinsic motivation; (b) “perceived
competence” to teach programming: this is theorised to be a positive predictor of
intrinsic motivation; (c) “perceived effort” required to teach programming: this is a
separate variable which seeks to reveal teachers’ needs. This instrument required
teachers to imagine themselves teaching programming activities to students.

The third tool employed unstructured interviews aimed at exploring in depth
teachers’ perceptions of effort: (1) effort required for updating in CS and degree of
satisfaction; (2) required effort for personal study of CS; (3) self-assessment of progress
in one’s CS competence level based on the teacher’s experience; (4.1) if the teacher has
already taught students programming, what are the perceived difficulties of educational
activities in the subject?; and (4.2) if the teacher has not yet taught students pro-
gramming, what are the expectations and when does he or she plan to start teaching?
The study was conducted during a 20-h teacher update workshop that aimed to explore
and test elementary programming concepts with the following tools: Lego WeDo,
Scratch and Rospino.
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4 Research Results

A total of 46 teachers, comprising 17 primary school teachers and 29 lower secondary
school teachers, enrolled in this pilot study. The teachers were aged from 35 to 63 years
(mean age 47 years). The teachers from scientific areas (mathematics, science and
technology) were 34, while the teachers from humanities areas (Italian, history, reli-
gion, music, foreign language) were 12; the majority had never experienced pro-
gramming laboratories (30 teachers), while 16 had participated in at least one
laboratory on this topic. According to gender, the participants comprised 12 males and
34 females, while according to their academic degree, the majority of teachers were
college graduates (32 participants) compared to high school graduated teachers
(12 participants).

4.1 Results Regarding Changes in Self-efficacy

To verify whether the educational activities had produced an improvement in the sense
of self-efficacy, a t-test for dependent samples was performed on data from 46 teachers;
this revealed that the change (Pre: M = 3.65, SD = 0.54, range from 2.14 to 5.00; Post:
M =4.16, SD =0.56, range from 2.71 to 5.00) was statistically significant
(t(45) = —5.14, p < 0.01). Subsequently, in order to answer the research questions, the
data collected from the questionnaires were more deeply analysed to understand if the
increment of self-efficacy was uniform in the group of participants or particularly
relevant in a specific category of teachers. For this reason, some independent variables
were identified (gender, age, years of service, educational qualification, programming
experience, subject taught), and based on these variables, the impact of the laboratory
on teachers’ self-efficacy was assessed.

Groups by Gender. Grouping data by gender importantly indicated how the change
in the sense of self-efficacy was statistically significant in female teachers
(t(33) = —4.93, p < 0.01), moving from a mean of 3.61 to a mean of 4.17. By contrast,
the change in the sense of self-efficacy was not statistically significant in male teachers
(p > 0.05), moving from a mean of 3.76 to a mean of 4.12.

Groups by Age. To analyse the change in self-efficacy, 4 groups were created: from
30 to 39 years old, from 40 to 49 years old, from 50 to 59 years old and from 60 to
69 years old. The most numerous groups were those aged 40—49 years (24 teachers) and
those aged 50-59 years (13 teachers). In these groups the increment of self-efficacy was
greater than the other groups and was also statistically significant. A deeper analysis of
these two groups (40-49 and 50-59 years old), found out that the increase in self-
efficacy was particularly relevant and statistically significant in teachers who taught
science subjects, were college graduated and were women.

Groups by Years of Service. To analyse the change in self-efficacy, 5 groups were
created: from O to 9 years, from 10 to 19 years, from 20 to 29 years, from 30 to 39 years
and from 40 to 49 years. Confirming the results obtained by grouping data by age,
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teachers with 10-19 years of service obtained the more significant increase in self-
efficacy, from a statistical point of view, moving from a mean of 3.74 to a mean of
4.24, 1(23) = —3.39, p < 0.01.

Groups by Educational Qualification. Grouping data according to teachers’ degrees,
it was possible to notice how the increase in self-efficacy was statistically significant
both in college graduated teachers (p < 0.01) and in high school graduated teachers
(p < 0.01). A deeper analysis of these groups revealed that the increase in self-efficacy
was more significant in women and in teachers who taught science subjects.

Groups by Programming Experience. Grouping data according to programming
experience, it was possible to notice how the increase in self-efficacy was statistically
significant both in teachers with experience (p < 0.01) and in teachers with no expe-
rience (p < 0.01). A deeper analysis of these groups revealed that the increase of self-
efficacy was more significant, from a statistical point of view, in female, college
graduated teachers and in teachers who taught science subjects, according to the
findings of the previous section.

Groups by Subject. Grouping data according to the subject taught, it was possible to
notice how the increase in self-efficacy was statistically significant both in teachers who
taught humanities (p < 0.01) and teachers who taught science subjects (p < 0.01). As
noted in previous sections, the increase in self-efficacy was greater and statistically
significant in female and college graduated teachers.

4.2 Results Regarding Changes in Intrinsic Motivation

To verify whether the educational activities had produced an improvement in intrinsic
motivation, a t-test for dependent samples was performed on data from 46 teachers; this
revealed that the change (Pre: M = 4.04, SD = 0.41, range from 3.00 to 5.00; Post:
M =4.13, SD = 0.49, range from 3.00 to 5.00) was not statistically significant
(t(45) = —1.72, p > 0.05). In order to answer the research questions, the data collected
from the questionnaires were more deeply analysed, grouping by different variables.
This made it possible to compare the results regarding intrinsic motivation with the
results of self-efficacy and to understand if the change in intrinsic motivation was
particularly relevant in a specific group of teachers.

Groups by Age. Using the same groups identified for self-efficacy (Sect. 4.1), the
change in teachers’ motivation was analysed. In these groups, the change of motivation
was not statistically significant, but it is interesting to highlight that in teachers aged
30-39 and 60-69 years the motivation decreased, while in teachers aged 40-49 and
50-59 years it increased, moving from a mean of 4.07 to a mean of 4.18 (40-49 years
old) and from a mean of 3.95 to a mean of 4.14 (50-59 years old). A deeper analysis
revealed that the increase in intrinsic motivation was greater and statistically significant
in teachers aged 40—49 with programming experience, moving from a mean of 4.26 to
amean of 4.60, p < 0.05. Nothing statistically significant can be said grouping teachers
aged 40-49 years by gender or educational qualification, even if the increase in
motivation was particularly important in female teachers (from a mean of 4.05 to a
mean of 4.18, p = 0.077).
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Groups by Programming Experience. Grouping data according to programming
experience, the increase in motivation was statistically significant only in teachers with
experience (p < 0.05). Nothing statistically significant can be said grouping teachers
with experience and without experience by gender. Instead, by grouping data according
to their degree, there was a significant increase in motivation in college graduated
teachers with experience, moving from a mean of 4.09 to a mean of 4.36, p = 0.066.

Groups by Subject. Grouping data according to the subject taught, there was no
statistically significant change in motivation, even if the change in teachers who taught
science subjects was greater (from a mean of 4.08 to a mean of 4.21) than teachers who
taught humanities (from a mean of 3.91 to a mean of 3.93). Nothing statistically
significant can be said grouping teachers by gender or educational qualification.
Instead, it is important to highlight the increase of motivation in teachers who taught
science subjects with programming experience (from a mean of 4.13 to a mean of 4.38,
p = 0.072), partly supporting the findings of the previous section.

4.3 Results Regarding Changes in Perceived Effort

To verify whether the educational activities had produced an improvement in perceived
effort, a Wilcoxon test was performed on data from 46 teachers; this revealed that the
change (Pre: Median = 4.00, Q1 = 3.50, Q3 = 4.50; Post: Median = 4.00, Q1 = 3.50,
Q3 = 4.13) was not statistically significant (z = —0.94, p = 0.347). It is important to
underline that the higher mean values indicate a lower perceived effort, therefore a
better teacher response. As with self-efficacy (Sect. 4.1) and intrinsic motivation
(Sect. 4.2), a deeper analysis for perceived effort was also performed, grouping data by
different factors.

Groups by Age. Using the same groups identified for self-efficacy (Sect. 4.1) and
intrinsic motivation (Sect. 4.2), the change in teachers’ effort was analysed. In any
groups the change of effort was not statistically significant, but it is interesting to
highlight that in teachers aged 40—49 and 50-59 years the perceived effort increased
less than teachers aged 30-39 and 60-69 years. The values are respectively: teachers
aged 30-39 years: from 4.00 to 3.67; teachers aged 40-49 years: from 4.04 to 3.98;
teachers aged 50-59 years: from 4.00 to 3.96; teachers aged 60—69 years: from 3.83 to
3.67. Grouping data according to the years of service, the perceived effort increases, or
remains the same, in all groups, except in teachers aged 40-49 and 50-59 years having
10-19 years of service. Although the change in effort is not statistically significant, in
teachers aged 40—49 years with 10-19 years of service the perceived effort decreases
from 4.00 to 4.04, while in teachers aged 50-59 years with 10-19 years of service the
perceived effort decreases from 3.83 to 4.08. A similar result is obtained grouping data
by programming experience.

Groups by Programming Experience. Grouping data according to the programming
experience, there is not a statistically significant change in perceived effort, although in
teachers without experience the effort increases (from 3.92 to 3.75), while in teachers
with experience the perceived effort decreases (from 4.19 to 4.22). A deeper analysis
highlights that the reduction in perceived effort among teachers with experience is
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particularly relevant in college graduated teachers (from 4.05 to 4.25), while among
high school graduated teachers the perceived effort increases both in teachers with
experience and without experience in programming.

Groups by Subject. Grouping data according to the subject taught, there is no sta-
tistically significant change in perceived effort. Grouping data by subject and pro-
gramming experience, perceived effort increases in all groups, except among teachers
who teach science subjects and have experience in programming (from 4.23 to 4.27).
The change is not statistically significant, but it confirms what was highlighted in the
previous section, where teachers were grouped according to programming experience.

5 Interview on Motivation and Perceived Effort

The transcribed interviews were codified and on the basis of a subsequent re-
elaboration some categories were extrapolated to provide the conceptual structure that
allowed us to select the results reported here. Whereas, in general, we have found a
shared accord in the opinions of the teachers, we report the answers as cumulative
percentages. From the analysis of the unstructured interviews, to which 96% volun-
tarily responded, it emerged that many teachers (80%) expressed a determined intention
to master the subject and a willingness to continue learning, despite the difficulties that
they were encountering. Nevertheless, 73% expressed uneasiness about the training on
offer to them. Although characterised by many valid and interesting offers, they found
it difficult to form a satisfactory overall picture of what was available to them. Another
crucial point is that teachers asked for their commitment to training in this new dis-
cipline to be recognised by the schools. They believe that in the future they will be
asked to teach their specialised subject and CS at the same time, and will have to keep
up-to-date with developments in both of them. The teachers interviewed manifested a
good ability: to analyse the commitment required (80%); to reflect on their self-
assessment of progress in the discipline (70%); but they considered that they did not yet
possess appropriate criteria for assessing the subject; to maintain a proactive attitude,
advancing proposals and alternative solutions to existing training (80%); and to show
willingness to assume the responsibilities for teaching CS at school (80%). Far fewer
teachers expressed their strong disagreement with the current training (7%) or did not
wish to continue because the subject was too difficult and complex (9%). Most teachers
wondered how many years it would take to master the discipline. Ninety-one per cent
expressed concern that they did not feel as expert in CS as in their own disciplines,
which they had been teaching for years, and 36% believed that the students knew more
than they did. The proposals advanced by 80%, mentioned above, were all oriented to
informal learning and to classroom practice, such as: having opportunities to share and
discuss problems and learning solutions with colleagues in CS who, unfortunately, are
not present in their school; to observe a CS colleague when teaching programming
lessons to students; and to start their own programming lessons in co-teaching with a
more experienced colleague. They expressed a desire: to analyse the various alternative
ways of teaching CS (68%); to review their choices and solutions with colleagues in the
subject (73%); and to discuss with expert colleagues the management strategies needed
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to face any difficulties (80%). The percentage of teachers who were aware of their
strengths and weaknesses in the CS area was also high (95%). Many had shown the
ability to predict the difficulties they might encounter in the implementation of CS with
students in the classroom (66%), even if only a few (25%) were able to think positively
about the possibility of failure and to recognise the typical causes of their own mis-
takes, due to lack of experience. Most of the novices in CS (93%) believed that they
would not begin teaching programming in less than a year; while those who already
taught it stressed that they did not feel expert in the subject and were proceeding very
cautiously with small workshops with pupils. It was therefore too early for them to
analyse the educational difficulties.

6 Conclusions and Limitations of the Research

From the results of the questionnaire, we can deduce that the course in programming
completed by the researchers led to an increase in their sense of self-efficacy. To
answer the first research question, we can state that the most significant improvement is
in female teachers who were college graduated and taught science subjects. These
groups of teachers also reported increased motivation and no worsening of perceived
effort, which remained almost the same in pre- and post-tests (these improvements were
particularly notable among teachers with programming experience). The groups that
appeared to be the weakest were the younger and older teachers: this appeared to be a
consequence of inexperience in the young and lack of energy in the old. However, we
must not forget the problematic context that creates the difficulties and obstacles these
teachers have to face (Sect. 5). To answer the first two research questions, it is
important to note that self-efficacy and intrinsic motivation have increased in some
groups despite the fact that a high level of perceived effort was required. Moreover, in
the interviews they demonstrated a high level of analysis, critical reflection and pro-
fessional self-assessment in carefully evaluating their present and future actions. From
their reflections, we conclude that immediate intervention measures are needed to
support teachers who are facing genuine challenges. This is especially important in this
delicate period in which the teaching of CS is being introduced in schools. “It has been
demonstrated that students generally learn more from teachers with high self-efficacy
than from those whose self-efficacy is low. In fact, teachers’ beliefs in their instruc-
tional efficacy is a very strong predictor of academic attainment in young children”
[15]. Confirming other evidence reported by other authors [2, 5, 16] in Sect. 2, and
answering the third question, these teachers demonstrated that: (1) their perceived effort
increases especially because they have difficulty in re-elaborating the subject teaching
on their own. The training courses are not intended to be established as an organised
system of learning, but they are fragmentary and unrelated to each other; therefore, it is
difficult for teachers to draw up a systematic overall picture of CS and its pedagogical
aspects; (2) based on their teaching experience, they believe this “adventure” is
absolutely new (it does not have anything similar to their past work) and unexpectedly
puts into question their professional role (as some teachers have said: “At this moment,
the children know more than we do”); and (3) the teachers have analysed their com-
mitment as perceived by the school and believe that it does not have the deserved
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recognition because colleagues often confuse it with a training in general ICT, rather
than with a specific disciplinary area, computer science education.

The principal limits of this exploratory study are: the selection of the group of
participants is based on criteria of convenience (volunteer teachers participating in a
training course); and is subject to bias. Finally, it should be observed that as these
teachers are Italian, the problems identified by them may not be relevant in other
contexts. This exploratory study has investigated only some characteristics and criti-
calities; however, if we take into account the multidimensionality of teacher profes-
sionalism and the constant pressure to which it is subjected (in this phase of digital
innovation in the schools), it is necessary to expand and deepen the investigation to
further dimensions.

Note: For reasons of national assessment of Italian university research, the authors
must declare which sections each has written, in spite of the fact that work is entirely
the result of continuous and intensive collaboration. Sections 1, 2, 3, 5 and 6 are by M.
Banzato. Section 4 is by P. Tosato. Our thanks to Matthew Hoffman.
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Abstract. In this paper, we report work in designing a decision-making system
that aims to support teachers in appropriating to their practice innovative sce-
narios that employ uses of information and communication technologies
(ICT) in teaching and learning. To this end, we break down educational sce-
narios into micro-activities, and connect them to required and alternative
infrastructure. We argue that micro-activities is a unit of analysis of educational
scenarios that is compatible with the role of teachers as designers who select,
decompose, combine, enact and revise different pieces of resources. This paper
offers a reflective viewpoint on integrating ICT in existing scenarios and
investigates how teaching objectives make use, or not, of the potential of digital
technologies.

Keywords: Educational scenarios + Micro-activities + Educational innovation

1 Introduction

Educational technology moves much faster than pedagogical innovation. This leads to
the paradox of schools never having enough information and communication tech-
nology (ICT) while this very ICT is underutilised. Teachers willing to at least try out
innovative technology-enhanced educational scenarios are often stopped by perceived
lack of necessary equipment. However, the question “can I do this with my existing
school infrastructure?”” may be unnecessarily getting negative answers, as obvious and
non-obvious substitutes exist. While most teachers know about open source alterna-
tives to a piece of software they do not have, they may need to be told that a shared
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document (e.g., Google Docs, cryptpad) can play the role of an interactive whiteboard,
thus representing a not-so-obvious replacement for a piece of hardware described as
being essential in a learning scenario identified by a teacher as desirable. In this paper,
we present a systematic approach to answer the question “Can I do this (ICT-enhanced
lesson) with my school’s infrastructure?” We start with a structural analysis (break up)
of the educational scenario, leading to a sequence (or web) of ‘micro-activities’, where
alternatives with other equipment may exist for each. It is up to the teacher, and
depends on the learning context and goals, whether each of these alternatives is an
acceptable alternative or not. Our analysis is backed by an ontology-based knowledge
base system that provides the means to propose alternative implementations of sce-
narios on the technical level, potentially allowing for more sophisticated inference
mechanisms in the future.

2 Theoretical Background

In early discussions about integration of ICT in education, availability of resources was
one of the contextual forces impeding the use of digital technologies in the classroom
[1]. Today, the situation is very different, as teachers are exposed to numerous learning
resources through platforms, be they open (PhET, i2geo, LeMill, Curriki, EduTags),
from textbook or learning tool publishers, or more social network oriented (e.g.,
OpenDiscoverySpace, eTwinning, YouTube for Schools, Canvas LMS). While these
platforms offer widely-available learning scenarios and, sometimes, reports of experi-
ential use in different contexts, their current impact on schools and teachers remains
low [2]. Our observation is that each of these contributions is quite isolated and the
deployment within the school infrastructure is often inexplicit. Lack of infrastructure
used to be, and in some cases still is, a problem for ICT integration [3]. However,
today, the problem of infrastructure has been transformed to an issue regarding type of
infrastructure available and teachers’ access to it, making infrastructure an issue of
school and/or national policy [1, 3, 4].

The paradox of choice (i.e., more is less) that applies in the availability and use of
resources has another facet, which is related to the grain size of resources available, and
the way teachers use these resources [5]. A fully-fledged scenario (lasting several
hours) or a lesson plan, may be difficult to implement in another classroom for reasons
related not only to curriculum and context (i.e., classroom, school, country), but also to
a teacher’s personal epistemologies and pedagogies (such as factors influencing the use
of resources by the teachers [5]). Furthermore, appropriation of this type of resources is
often time-consuming and requires a lot of effort to overcome cultural, contextual and
methodological barriers. This is not to say that a scenario or a lesson plan is not useful
as a resource; instead, for the teachers to be able to use it, we argue that it is important
to address teachers as designers, and not just as users.

These observations are backed by the work of Gueudet and Trouche [6], which
highlights that the use of resources by the teachers does not simply involve imple-
mentation of what they (the teachers) find available. Instead, it is a complex and
demanding process involving a continuous dialogue between design and enactment.
More specifically, teachers, using existing knowledge and influenced by the institution
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and the community they belong to, select resources, combine different pieces of
resources together, test them in their class and revise the initial use (ibid). To capture
this complexity, Gueudet and Trouche (ibid), describe the use of resources in practice
as documentational genesis. Documentational genesis consists of two elements:
(a) the resource; and (b) the development of a utilisation scheme. The latter involves a
process of appropriation and transformation of the resource in order to solve a specific
problem or to achieve a type of task (ibid). Documentational genesis is mediated by
two intertwined processes. Instrumentalisation: where teachers appropriate and shape
the resources (i.e., in our case educational scenarios/lesson plans) using their existing
knowledge. Instrumentation: where a teacher’s interaction with the resources (e.g.,
inspection, appropriation) enriches and shapes a teacher’s knowledge and practice.

Our approach for the structural analysis of scenarios and the design of the rec-
ommendation system, is informed by the theoretical analysis of teachers’ use of
resources, in the following ways:

e We break up the scenario into micro-activities (which can lead back to the initial
scenario) in order to facilitate the process of appropriation, selection and combi-
nation of different pieces of resources;

e We provide connections of micro-activities to different types of infrastructures in
order to facilitate the instrumentalisation process (i.e., adaptation of resources by the
teacher);

e We design recommendations for adaptation of micro-activities based on technology
functionalities and different contexts of use, aiming to support the instrumentation
process (enrichment of teacher knowledge). The purpose of the latter is to attend to
the creative dimension of teaching and address teachers (also) as designers.

Fischer et al. [7] highlight that creativity can emerge in contexts where people
experience breakdowns (i.e., when they experience something they cannot do). Con-
sidering that our overarching question “Can I do this?” is also a fertile ground for
creativity [8], we do not provide ready-made solutions, but instruments to trigger a
teacher’s creativity, i.e., choosing one or more micro-activities from a scenario,
showing how the same micro-activity can be transformed in different contexts and
supporting the investigation of alternatives.

3 Motivation

The motivation for our work stems from two observations. First, the use of ICT in the
classroom being tool-centred — as opposed to affordances-centred — very often results in
short-sighted and trivial uses of digital technologies, which could be replaced by ‘low
tech’ alternatives if seen from the point of view of the instructional goal they support.
Second, looking into tool affordances - instead of specific pieces of software - can help
facilitate the implementation of ICT scenarios with the available infrastructure, and also
support teachers in harnessing the potential of ICT in the scenarios they apply in their
classroom.

Based on these two observations, we argue that in order to answer the question
“Can I do this” we need to adopt a critical stance both when we look at the uses of ICT
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in educational scenarios and when we look at the instructional goals underlying each
activity. Next, we use the example of a simple activity, that of hanging pictures on the
classroom wall, to demonstrate how focusing on the affordances of a tool and being
critical of the instructional goals supported by the specific tool, can lead to a number of
feasible (in terms of infrastructure available) and suitable (in terms of tool affordances)
uses of technology.

3.1 Hanging Pictures on the Classroom Wall — An Outsider’s View

We adapt an outsider’s view to discuss the activity of hanging pictures on the class-
room wall. Being an outsider that observes a classroom activity through the window of
the class frees us from accepting contextual assumptions about the instructional goals,
and directs us to explore the context by asking a very important question: why are they
doing this? The exploration of possible answers to this question allows us to create a
“locus of potentiality” populated with various instructional goals behind a single micro-
activity, each of which is re-examined in relation to the infrastructure it requires to be
achieved. In our example, the micro-activity is the following: “The teacher asks the
student to put up the picture on the class wall”. The necessary infrastructure for this
activity is: (a) a framed picture; (b) a hammer; and (c) a nail.

Now let us investigate “why are they doing this”, i.e., what are the potential
instructional goals behind this activity. In a kindergarten class, each pupil is asked to
put a picture on the wall for the whole class to see everybody’s work. In this context,
the required infrastructure to perform this activity is shaped as follows: the picture does
not need to be framed; pupils can use blue tack to put an unframed picture on the wall;
hammer and nail are not necessary.

In a vocational education setting, the goal might be to show what type of hanging is
suitable for each type of wall surface. In this case, the absolute specific infrastructure is
needed (i.e., framed picture, nail and hammer), as they are essential for achieving the
goal of the specific learning activity. A screw and a screwdriver might provide a useful
alternative in terms of infrastructure, depending on the type of wall, or it could be used
as a counter-example of what should not be done.

In a high-school classroom, the picture might be needed on the wall in order to
analyse its content in a whole class discussion. In this case the goal is to make the
picture visible to the whole class for the duration of the specific lesson. To achieve this
goal, we might use a stone and a nail, instead of a hammer, a screw and a screwdriver if
they are available, blue tack, or a computer and a projector. In this case the nail,
hammer and framed picture are not essential.

In an examination context, at high school, the picture needs to be put up on the wall
in order for the students to analyse it individually, responding to one or more test
questions. In this case, the goal again is to make the picture visible to the whole class
for the duration of the examination. All the solutions to replace hammer and nail
mentioned in the previous paragraph are applicable here. Furthermore, considering the
context of the examination, we might prefer to provide students with a printed picture
allowing them to observe it closely and to comment on it in order to structure their
response to the test. Alternatively, and if students have their computers or mobile
telephones with them, they could access a common digital picture or slightly different



116 N. Yiannoutsou et al.

pictures slightly changing the initial scenario. Again, nail, hammer and framed picture
are not essential.

4 Method of Work: Reverse Engineering of Educational
Scenarios

We mentioned earlier in this paper that our aim is to design a recommendation system
supporting teachers to adapt existing scenarios to their classroom infrastructure. To this
end we built a knowledge base consisting of 200 educational scenarios (accessible at:
www.esitdsip.eu) drawn from the web and provided by the schools we are collabo-
rating with. The next step was to select certain scenarios and ICT tools to focus on, in
order to be able at a later stage to create a more general model to be applied in all the
scenarios of the knowledge base. At this first stage, we chose scenarios of sufficient
complexity based on teacher suggestions and on diversity of educational contexts. We
analysed the selected scenarios using qualitative research methods and tools as to how
and why ICT is used in each one. For this, we broke down the scenarios extracting ICT
micro-activities, which are smaller units of learner and teacher ICT activity. The way
ICT is used in a micro-activity corresponds to ICT tool affordances. The educational
effect to which ICT is used in a micro-activity corresponds to educational functionality.
For each micro-activity, we considered technological alternatives with educationally
equivalent functionality (Fig. 1).

Known alternative Implementations
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Whiteboard . \ / .- Editor
) U Micro-Activity: Shared Collection
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e of Implementation

Fig. 1. Method of scenario analysis - example of micro-activity with whiteboard

As long as “Can I do this?” refers to whole educational scenarios, answering it
remains very complex. By breaking up a scenario into micro-activities, we reduce the
question to finding equivalent and alternative micro-activities using different ICT
infrastructure. Educational equivalence depends on the exact context and learning
goals. A stone can replace the hammer for driving the nail in the wall, except if the
purpose of hanging the picture was the very use of the hammer. Another word pro-
cessor can replace Microsoft (MS) Word for writing a text, except if the purpose of
writing the text was learning the specific characteristics of MS Word 2016.
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We would need to know the educational rationale of the micro-activity in order to
find proper equivalents using alternative infrastructure. But the educational rationale
may be hidden and certainly not explicitly stated in an educational scenario. What our
system can do is discern patterns of use (instructional approaches) and propose alter-
natives for the teacher to decide if they are sufficiently suitable substitutes - some may
be unacceptable, others may modify the learning results, others may be equivalent, still
others may offer something quite different but quite acceptable. To better demonstrate
our methodology, we present in the following the procedure we follow to generate
recommendations:

1. From the scenario abstract micro-activities (“hang a picture”) and related ‘in-
frastructure’ (hammer, nail, picture)

2. Consider diverse possible instructional rationales of each micro-activity (diverse
educational contexts): “why would you want students to hang pictures on the wall?”

3. Analyse functionality/affordances of infrastructure - Hammer: can drive nails
into walls; Nail: can hold framed pictures on walls; Picture on wall: can be seen by
whole class

4. Consider other infrastructure with similar functionality (stone ~ hammer,
screw ~ nail) or similar result (glue ~ hang, project digital ~ hang physical,
directly observe single physical object ~ through ICT observe digital copies)

Next, we show how we use these steps to analyse an ICT-based scenario in order to
provide recommendations for equivalent and alternative activities for one of its micro-
activities (collect material).

5 “Searching the Web”: Analysis - Recommendations
for Equivalent and Alternative Activities

The work we report here takes place in the context of the Erasmus + project
“eSIT4SIP” (empowering the School IT infrastructures for the implementation of
Sustainable Instructional Patterns, www.esit4sip.eu). In Sect. 4, we mentioned that part
of the project’s outputs is an ontology-based knowledge-base consisting of 200 sce-
narios. From this knowledge-base, we extracted the scenario: “How to revive the story”
(Authors: Nada Stoji¢evi¢, Nikola Curéin). The scenario is designed for 15-18-year-
old students. The subject matter is not mentioned. Following the analytic scheme
presented in Sect. 4, our analysis of this scenario takes the following form:
Micro-activities: The micro-activities (coded as MA) extracted from the scenario
are the following - MA1: Prepare a story that triggers student interest about QR codes
and animated maps; MAZ2: Discuss the story with the students; MA3: Create groups of
students (different roles: photographers, researchers, coordinators, animators, web
designers); MA4: Taking pictures of selected sites (topics in the original); MAS:
Collect material [interpretation: information for the locations] that will be integrated in
the animated map; MAG6: Create animated maps. [Subject: students]; MA7: Upload the
finished materials to the site (Wordpress); MAS: create and print quick response
(QR) codes [Subject: students]; MA9: Students present their work [Subject: students].


http://www.esit4sip.eu

118 N. Yiannoutsou et al.

Infrastructure: The infrastructure mentioned in the scenario involves: at least 15
computers with internet access; mobile telephones with cameras and QR code scanner;
digital photo cameras; software: Animaps, Wordpress, Panorama, QR code generator.

Functionalities/affordances of infrastructure: Web-search: Find information
around a subject using relevant keywords, offer access to various types of information
regarding the topic of interest and sort the information found from the most relevant to
the least relevant.

Other infrastructure. Similar result: take interviews, use information from an
accredited source. Similar functionality: use teacher laptop and projector instead of
computer laboratory.

To demonstrate our approach, we will focus only on the “Collection of informa-
tion” micro-activity (MAS). We chose this activity for two reasons. The first is that
collection of information is a common element of a wide variety of scenarios, espe-
cially in social sciences and humanities. The other reason is that information seeking is
part of a new set of skills acknowledged as digital competences [9]. In the next two
sub-sections, we show how we generate recommendations for alternative and equiv-
alent activities based on an analysis of the affordances of technology (i.e., what is its
potential) in relation to the teaching objectives it serves (i.e., what a teacher would
intend to do with this technology).

5.1 Diverse Instructional Rationales (Alternative Activities)

The scenario mentions that students collect information to add to the interactive map
without specifying the means or the type of the collected material. However, in the
introductory session, the authors describe the actual output of students’ work: “In
addition to photography, the user will be reading an explanation of the museum
building, centre, municipal building, park, church....”. Situating this in the context of
the overall scenario - i.e., the creation of an interactive map - helps us to assume that
the collected information will consist of short texts describing the sites of the map.

The scenario neither explains the means nor the tools students are going to use to
collect information. Two assumptions are drawn from this: (a) the use of web search is
so widespread that it is not necessary to be mentioned; (b) the type of information
collected is not that important because the emphasis is on adding content (photographs,
text) on the map. If we accept the first assumption, then web-search is a “legitimate”
learning activity. In this case, the infrastructure required for this micro-activity is:
computer laboratory, computers connected to the internet, browser. Next, we provide
two examples of instructional goals related to the micro-activity involving web-search
and respective settings.

Setting 1 - Instructional goal I: ldentify differences between search engines and
between devices (owned by different users) - the filter bubble [10]. The infrastructure
mentioned in the micro-activity is the same, but the instructional goal involves the
development of digital competences. The micro-activity can be implemented with the
same age group in the context of IT lessons.

Setting 2 - Instructional goal 2: Seek, evaluate, select and appropriate information
from the web. Here the emphasis would be for the students to learn how to refine their
keywords (seek information), evaluate the sources of the information provided and
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appropriate the information they select to their purposes. The micro-activity can be
implemented across subject topics, with younger audiences (age 12—15 years), using
the same infrastructure (as in the initial MA).

5.2 Infrastructure with Similar Functionality or Similar Result
(Equivalent Activities)

In this section, we present how the focus on the technological affordances in terms of
results and/or functionalities can support the implementation of the micro-activity
“Collection of information” in the classroom with different types of infrastructure.

Infrastructure with similar result 1: Take an interview from someone who has the
information or ask people who live or work next to the sites that are going to be
included in the map, to describe the site of interest with a relevant representative
phrase. The infrastructure needed here is a notebook or a sound recording device. From
an instructional point of view, the use of this infrastructure will allow students to collect
the information they need. This choice can be “instructionally acceptable” in the fol-
lowing situations: (a) if the means students use to collect information does not really
matter for the specific learning scenario (i.e. there are no implicit or explicit objectives
regarding this activity); (b) if the teacher would like to explore with the students the
interview as a medium for collecting information. If a teacher decides to take this path,
then he/she should envisage a time slot for the students to work on appropriating this
information to be integrated in a digital map. A final step would be for the students to
delve into the differences between the information collected and that existing in other
digital maps. From an instructional perspective, this option might offer rich learning
opportunities regarding the use of digital information, especially if compared to
unstructured web-search where students type a keyword and copy-paste information
from the first result coming up.

Infrastructure with similar result 2: The teacher provides each group with print-
outs containing information about the sites they are going to include in their map. Their
job is to appropriate this information so as to be interesting for the users of the map and
to record it on a piece of paper. Infrastructure: printouts and notepad. From an
instructional point of view this option can be acceptable if the teacher does not want, or
does not have the time, to emphasise the aspect of including information on a digital
map or wants her/his students to work on specific information, e.g., taken from an
accredited text book. The appropriation of information, however, should consider the
functionalities of a digital map (length and type of information shown). From an
instructional point of view, this activity, though not making direct use of digital
technologies, is done with reference to digital technologies (i.e., the functionalities of a
digital map) and allows for focused work on the editing and appropriating information,
which often is overlooked when simple web-search is involved.

Infrastructure with similar functionality: Students work in groups, each group
being responsible for one site of interest, and take some time to think about the
keywords they could use in order to search information on the web. When they are
ready, each group takes turns in dictating their keywords to the teacher who types them
on his/her laptop and the teams see the results through a video projector. Then the
group, with the help of the teacher and the other groups, review the results and refine
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their search if necessary. The teacher goes through the information found (i.e., reading
it aloud) and the group responsible for the specific site takes notes to use them for the
construction of information to be included in the map. Alternatively, the teacher can
print out the information for the groups to adapt it for the map. The infrastructure that is
necessary here is one computer connected to the internet, a browser, and a projector.
From an instructional point of view, the use of the same technology in a different
orchestration (from the computer laboratory to the teacher laptop) makes salient in the
whole class a process which usually happens in a group or individually. This transfer
results in a qualitatively different process, as it offers opportunities for refinement from
different viewpoints (i.e., the viewpoints of the other groups), which is rarely pursued
when web-search is just a small step for something else (e.g., to use the information
found to construct a map).

The analysis of this scenario aimed to show the application of our analytic
framework and the production of recommendations by domain experts. The recom-
mendations stemmed from a critical-reflective analytic approach on the uses of tech-
nology. This approach involved a focus on learning objectives and technology
affordances. In the example we analysed above, we found that there are uses of ICT
which do not harness the potential of digital technologies to support learning (in the
sense that the same learning objectives can be pursued effectively without technology).
Furthermore, looking at the technology from the point of view of affordances allows us
not only to rethink the infrastructure needed but also to come up with new educational
activities which rely on what the technology can actually do.

6 Concluding Remarks

In this paper, we described our approach in empowering teachers to integrate available
resources (i.e., ICT enhanced scenarios and lessons in their practice) by making use of
existing infrastructure in their schools. Our work is informed by two theoretical
underpinnings. One is the role of infrastructure in impeding teachers to try innovative
educational scenarios in their class. The second involves the role of the teacher as
designer. In order to facilitate the appropriation process, we break down the educational
scenarios into micro-activities, each explicitly connected to the infrastructure men-
tioned or implied in the scenario and to other equivalent solutions. Furthermore,
considering that the use of resources is also a creative process enriching and shaping a
teacher’s knowledge, we explore diverse instructional rationales around the use of
infrastructure exploring alternative micro-activities. We used a quite general example
to illustrate the implementation of this analytic framework and to show how this
analysis can be used to inform the design of an ontology and a knowledge base
supporting a decision-making system for teachers.

Currently, the decision-making system provides alternatives for the 200 scenarios
of the knowledge base which are tagged manually according to parts of the analysis
presented here. The implementation of the system at this stage looks only at the tools
and their affordances in a scenario, and based on these affordances, provides sugges-
tions for alternative tools. The next step is to refine our system so as to include the
micro-activities, the educational functionalities and a set of technology-enhanced
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learning design patterns. The latter are recurring ICT-based solutions for recurring
educational problems in diverse educational contexts, which will be used to concep-
tually group scenarios, thereby allowing integration of contextual knowledge in our
system related to the use of the tools and not only on their affordances. The question “Is
this alternative acceptable, i.e. does it serve the learning goals?” was put to teachers. It
is the teacher of course who decides if the learning goals are met with the proposed
replacements/substitutions. Seeing an active role for the teachers in this process, we
expect to create a vibrant community with teachers and other stakeholders, sharing
learning scenarios, providing advice regarding the implementation of the different
scenarios, or even suggesting alterations based on their own experiences.
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Abstract. Although the research literature on online courses, such as massive
open online courses (MOOCS), has proliferated, surprisingly few studies have
explored the organisational approach to a generic institutional strategy for
supporting educators when developing online courses in higher education (HE).
The goal of this paper is therefore to describe and conceptualise the outline of an
infrastructure for organising the production of online courses in continuous and
further education. Central to the infrastructure is the Educational Action Task
Force (EATF), a network consisting of employees with complementary com-
petences (c.f. technical, pedagogical and multimedia) that can coach, mentor and
support educators through the entire online course production process in des-
ignated teams. In this article, we outline the design of the online course pro-
duction process in the EATF teams. The design is stepwise and collaborative,
and aims to contribute to a seamless and quality-assured strategy that caters for
the various goals that content creators may have within the scope of the strategic
goals in the organisation.

Keywords: Online courses - MOOC - Organisational design - Network -
Coaching

1 Introduction

The rationale for designing an Educational Action Task Force “EATF”, a flexible,
collaborative and networked support unit that will support faculty to make online
courses, is based on research and experiences acquired at a large Norwegian university.
This research shows the increased need for putting focus on how online courses are
made [1, 2]. There is a demand for a technological infrastructure, and pedagogical
support for faculties that wish to make high-quality online courses. At our university,
MOOC initiatives are short-lived and significantly rely on project funding and
enthusiasts to survive. Even so, there has been no centralised strategy for producing
certified online courses and MOOCs for continuous education. Such factors inhibit
scalability and flexibility in online course production. Consequently, the need for an
institutional support unit that can assist educators and assure the quality in (massive,
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open) online course production, other than ordinary courses delivered on the learning
management system (LMS), has emerged.

2 Inspiration for Establishing an EATF

In research on MOOCs, we find few studies focusing on the essential requirements and
conditions for supporting faculty in their production of a quality-assured MOOC for the
first time. For example, little research addresses the implications related to the col-
laborative production process, the choice of platform, the planning of the course design
and the video production time involved, which are essential. In fact, a MOOC pro-
duction is a collaborative activity that can last for months. Moreover, we argue that
ideas about making high-quality MOOCs are often scrapped, partly due to the com-
mitment that educators must make and partly due to the lack of technical and peda-
gogical support in higher education (HE). Instead, a prolific MOOC research literature
has emerged, focusing on the analysis of the activities and outputs in MOOC:s, like
decomposition of user groups [3], video engagement among learners [4], drop-out rates
[5] etc., overlooking the efforts to make one. In a recent research review, Sanchez-
Gordon and Lujan-Mora [6] suggest that researchers need to redirect their focus
towards developing clearer strategies and standards for MOOC course design, which
supports our claim that the strategic and organisational aspects of faculty’s MOOC
production processes must be highlighted. Their argument is supported in a recent
study on the design of online learning opportunities associated with MOOCs where
they found that the quality of instructional design across 76 MOOCs was limited [7].

The proposed outline for the EATF for MOOC and online course production is a
lasting, non-project based organisational construct that can support faculty, who will
share their subject-specific expertise in a MOOC or an online course. The EATF is
organised around three core principles: collaboration; distributed network online; and a
stepwise production process design.

First, the adoption of cloud-based services for teaching and learning facilitates
scalable and flexible courses. The EATF is a collaborative endeavour, based on a
formalised partnership between the educator(s) and designated EATF-team members
during the production period. Together, they form a network of some 3 to 7 partici-
pants, meeting at regular intervals to discuss, learn and inform stakeholders at different
stages in the MOOC production process. Each meeting has a fixed agenda to ensure
progress. Second, the EATF performs all internal and external activities and assign-
ments in a distributed network online. This implies that the EATF is mainly cloud-
based and that meetings and collaboration are largely online. This allows for a more
flexible and transparent workflow. An overall goal is to coach and mentor faculty in
digital collaborative spaces (Office 365, Skype, etc.) instead of having many face-to-
face meetings on campus. Consequently, the EATF networked design is closely related
to what Groth calls “ad-hoc organizations” [8]. Third, the EATF aims to establish and
maintain a coherent and stepwise course production process design, a ‘“virtual
assembly line” that contributes to transparency and course content quality assurance.
Transparency is also a cornerstone for continuity and quality performance in the EATF
over time.
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In the EATF, we aim at using coaching techniques to uncover faculties’ initial
motivation and intentions in order to support their aims and objectives. Coaching is an
emerging research field that has been successfully used in health care, sports and
private business to make performers stay on target, enhancing performance, self-esteem
and intrinsic motivation [9]. Very little research has been conducted on the gains from
coaching in formal educational [10, 11]. We also aim at using mentoring to inform
faculty of online course design, video production and platform technicalities. The
details about how we envision our approach is outlined in the next section of the paper.

3 The EATF Support Process

Our experience, from MOOC production since 2013, is that online course production
easily drags out in time terms. Educators tend to underestimate the workload and focus
too quickly on video production. They base their idea of the online course on previous
experience from teaching on campus and have little understanding of the pedagogical
limitations of the platforms and of the difference between online and on-campus
teaching. The latter is also reflected in studies that we have previously referred to in [7].

To enhance the quality of the instructional design and make the online course
production process more efficient, the EATF works in a streamlined production process
consisting of seven steps. The main goal is to form a growth spiral where the educator
and the EATF team members collaborate in a network to complete the course pro-
duction. The network typically consists of 3 to 7 members with complimentary com-
petences in: (1) online course design and pedagogy; (2) multimedia production;
(3) front-end representation and platform functionalities; and (4) expertise in the course
content area. In each step, the network collaborates to understand and carry out tasks
that have to be completed, before the team moves on to the next step in the production
process. Information about the tasks in the various steps is also available online to
support the educators between the meetings in the network, with a form that shows an
overview of the activities and progress made.

The EATF makes use of coaching and mentoring as well as reflection-on-action
[12] to motivate educators and help them understand the actions required to make an
online course. Coaching is an emerging research field and can be described as ques-
tioning and listening techniques that may help educators see more clearly where they
are, where they want to be when the online course is finished, and how to get there.
Coaching is a method that has the capacity to motivate educators to stay on track to
reach their goals. Research from the Erasmus+ COACH project [10] shows that
coaching has positive benefits in educational environments. An important strength is
what may emerge in terms of increased reflectivity, stronger cultures of collaboration,
sharing of knowledge and greater engagement with professional development [9].
The GROW model, which is an acronym for Goal, Reality, Options and Will, has been
used with great success in sports and corporate business. It is an approach that can be
used to aid educators to positively reach their final goal through a series of supported
steps. Mentoring is rooted in Vygotsky’s theories of the “zone of proximal develop-
ment” and can be understood as adult learners engaged in new learning and relearning
in changing educational contexts that demand a new view on education [13].
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Following, we outline some initial ideas of the potential content and composition in
the EATF support process.

Step 1, Initial clarification of goals and meotivation: The first step is to invite the
educators to an initial meeting. The meeting intends to raise their awareness of the
educational context and help them clarify the goal and the steps that will have to be
taken to reach their goal by means of coaching techniques. Also, the objective is to
form an EATF team that can support the educators in the best way. The conversation
initiates a formalised, collaborative networked process to support the educators so that
they can reach their goal.

Step 2, Selection of platform and work flow: In this step, the educators make
various decisions that are supported by mentoring. First, the educators are introduced to
the EATF-team members and the result from the first meeting is discussed to contribute
to further specify the conditions for the course production and inform all stakeholders.
Second, the educators get a better understanding of the potential and limitations of the
various course platforms and the nature of the support the other team members can
offer. Third, the educators select an appropriate platform for the course. An important
activity is to introduce the educators to a course on the platform, which serves as an
example of what the course might look like. Fourth, the educators decide upon a work
flow to commit to a timeline for the course production and to decide upon online
collaboration software and when to meet next and whether to meet face-to-face.

Step 3, Course design: In this step, the educators are introduced to online
instructional design. They are invited to reflect on learning objectives, the number of
modules, types of activities and forms of assessment in the context of their chosen
course platform. They explore the selected platform and discuss possibilities and
limitations with more experienced platform users. An important activity in this process
is to discuss what type of content is better suited as text, picture or video. At the end of
the meeting, the educators have a clearer idea of what the MOOC will look like and is
able to go to the next step with a draft or overview of how many pictures, animations
and videos they will create and content that can be reused in the course.

Step 4, Multimedia workshop: In this step, the educators are invited to a multi-
media workshop. The focus is on preparing the educators for the video production and
support the multimedia course content. In the workshop, they are first introduced to
video-production methodology and how to visualise knowledge in a video for an online
audience. Educators come to the workshop with a written text, a treatment or a draft
that will be completed with multimedia content in collaboration with the team. They
will typically discuss different concepts like a talking head, two-dimensional (2D)
animation, voiceover, slide layout, illustrations, etc., to support the written content that
will be read on a teleprompter. In the workshop, the team finally outlines a detailed
video production schedule for the next step.

Step 5, Video production: In this step, the focus is on the actual video production
process. The project team strives to create an atmosphere of trust, where uncomfortable
and inexperienced educators are supported to make the best possible product.

Step 6, Uploading content to platform: In this step, the course content production
is completed, and the educators are ready to start uploading the course to the platform.
The EATF team informs the educators about technical platform support depending on
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the educators’ technical competence. The team also discusses how to proceed with user
testing, piloting, and feedback from peers on content quality when the course is online.

Step 7, Evaluation: In the last step, the team meets to finalise the online course and
support the educators for launching and possible marketing. The educators are also
invited to evaluate the EATF and pertaining pedagogy, methods and technologies to
contribute to quality assurance. Feedback is essential, to improve the supportive
network.

4 Conclusion

This paper intends to address a missing link in the MOOC research literature — how to
organise support for educators who want to make MOOC:s. Researchers have examined
student user patterns and outputs but seldom cast lights on the efforts involved in
making them. This paper attempted to outline some initial ideas on how HE institutions
can organise support for educators, who want to produce MOOCs, in a conceptual
framework for MOOC and online course production. The seven steps outlined con-
tribute to a scaffolded technical, pedagogical and quality-assured process, which
contributes to efficiency in online course production and quality enhancement for
online learners. The introduction of an organisational approach to structuring support
for online course production contributes to closing the gap in the MOOC research
literature.
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Abstract. The lack of standards to objectively assess the quality of teaching
opened a new path of research. Teaching involves a lot of different tasks and
activities that should be explored, so, consequently, when talking about quality
of teaching, it makes sense to look at teaching as a process and to assess its
maturity. This contribution briefly looks at existing approaches, and introduces
the idea of a teaching maturity model (TeaM) for school and university teachers.
Such a framework, even though it proves helpful from a measurement per-
spective, might not be acceptable by teachers, so this paper presents the results
of a study for testing the TeaM model in respect to its usability and acceptability
with informatics lecturers at the Alpen-Adria-Universitdt Klagenfurt. The results
show the interest of our teachers in the model, but also some of the impediments
that have to be dealt with when applying the model on a larger scale.

Keywords: CMMI - Teaching quality - Maturity model - Higher education

1 Introduction

Quality assurance in relation to the educational system is a path of research, aiming to
provide standards to assess that quality. Researchers have already presented models
within this scope. These models assess quality by covering only one or two teaching
factors (like, teachers, curricula, etc.). Studies by Chen et al. [1] emphasise the fact that
a better quality of teaching is achieved when managing the whole teaching process.
Their work is based on the concept of a maturity model from the Software Engineering
Institute (SEI) of Carnegie Mellon University. The SEI addresses the quality for
software development by assessing and managing the process for producing that
software. The process is defined by a framework called Capability Maturity Model
Integration (CMMI) [2]. In this model, levels of maturity are assigned to processes
based on their performance. The model of Chen et al. is based on CMMI, and, like
Chen et al., we also believe that quality is related to the management of the teaching
process. Spurred by their results and the concept behind CMMI, a Teaching Maturity
Model (TeaM) covering all educational levels was created. The TeaM model differs
from the work of Chen et al., as it considers not only university teachers but primary
and secondary teachers as well.
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The basic components of the TeaM were constructed by following the strategy of
SEI The TeaM’s practices and the other specific elements were created by observing
experts in teaching, and by collecting best practices. The TeaM was additionally
assessed by a CMMI expert. All our evaluations so far show that the TeaM seems to be
consistent and contains all aspects of the teaching process [3].

On the other hand, the introduction of the model in the educational domain raises
the question of how to integrate it in one’s daily (teaching) life. Another issue is how to
integrate the TeaM in educational institutions so that teachers can use it for assessing
the quality of teaching in their lectures. This requires testing of the model and
improving it based on feedback that we get, and, with it, also to look at its usability and
acceptability. The objective of this paper is to describe our results in checking for the
applicability of the TeaM.

Within the scope of the paper, we collected opinions of informatics lecturers at the
Alpen-Adria-Universitdt Klagenfurt when using the model, and the paper reports on the
most important findings.

The rest of the paper is organised as follows: Sect. 2 describes related work by
giving an overview of how models like CMMI-Services and others are related to the
educational system in respect to their usability and acceptability. A detailed description
of how the TeaM is tested and the feedback from the lecturers is presented in Sect. 3. In
Sect. 4, the results of the study in respect to our model are discussed. Future work and
the findings are described in Sect. 5.

2 Background

This section gives a short description of related models. It introduces briefly how
CMMI is structured and discusses, for related models, their applicability and usability
in practice.

2.1 Related Work

Traditional forms for addressing quality of teaching, such as student evaluations,
feedback, peer evaluation and inspections are seen as quite subjective. This opened up
a path for research for assessment models that rely on standards. In this, a lot of authors
address the quality of teaching by mainly focusing either on teachers (preparation,
communication, engagement), or pupils/students, or course content or the environment.
Taking a closer look at existing work, these models can be divided into several groups.

There are models that, to address the quality of teaching, focus only on teachers.
The AQRT model addresses quality of teaching by assessing teacher teaching practices
[4]. In this case, Chen et al. applied the model in thirty physical education lessons with
nine elementary physical teachers. The results emphasised the applicability of the
model. The competence-based model is another model that assesses teaching quality
through teacher-licensure tests [5]. Mehrens’s study is more an investigation and
analysis of licensure and teachers’ competency tests. A similar model is the
competence-based model for teachers on how to teach [6], and based on this, it assesses
quality.
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There are other approaches that consider pupils/students and the teachers’ inter-
actions for addressing quality. The CEM model is one of them, which assesses teacher
quality based on students’ outcomes [7]. Azam and Kingdon applied their model to
compare students’ results of examinations from the tenth-grade to the twelfth-grade.
Based on the results (improved or not) the teacher contribution was estimated. The
National Education Association uses a standards-based learning and assessment system
to show how student learning standards can be connected with teacher education and
assessment [8]. Although there is no concrete implementation in practice, this is how
they suggest measuring quality of teaching. The assessment of teacher competences
and students’ learning and feelings is integrated into another model presented by Snook
et al. [9], where they run an investigation in the New Zealand school system. The
Angebots-Nutzungs Model is another model used to address quality based on teacher-
student interaction (results, feelings, and environment) [10], while TEQAS is a model
where quality is addressed by assessing teaching education [11]. Dilshad showed the
applicability of the latter model by covering five quality variables through interviews
(questionnaire) with 350 students on MEd programmes.

Furthermore, there is the TALIS model, which assesses quality based on the
working conditions of teachers and the learning environment [12]. This OECD article
was a technical report where they applied this model in a pilot test (which was suc-
cessful) with five volunteered countries: Brazil, Malaysia, Norway, Portugal and
Slovenia.

Beyond traditional forms and assessment methods mentioned above, some maturity
models based on the CMMI’s principles have been created. Researchers in the field of
computer science education adapted and created maturity models to assess and to
improve the curricula or the institution itself [13—15]. In these cases, validation of
models is referred to at a later stage, but so far, no results have been published. Ling
et al. applied their model through a case study in a private institution of higher learning
(IHL) in Malaysia and mentioned that a larger participation of IHLs will be used in the
future for a better validation of the model [15].

The adaption of CMMI in the educational domain is seen also in course design,
either in a classroom environment [16] or online [17, 18]. The model of Petri is not
validated yet [16], but Neuhauser did validate the model in relation to usability, and the
answers from the questionnaires revealed that 88% of the respondents found them-
selves in a cell within each process area [18]. Similarly, Marshall and Mitchell vali-
dated the processes and the model in the analysis of an e-learning module at New
Zealand University [17].

Likewise, in primary and secondary schools, some CMMI-like implementation
models focus on the institutional level or on the syllabus [19-21]. Montgomery applied
her model in six schools for defining the level of using computers and technologies in
schools. The model provided goals and practices for making improvements [19]. Solar
et al. conducted a pilot study to test the validity of their model and its associated web-
support tool [20]. They tested the applicability of the model in different schools and
obtained positive feedback from them.

Only Chen et al. established a maturity model for observing the teaching process.
The model is limited to a subset of possible process areas and focusses on tertiary
teachers [1] only. In their paper, Chen et al. address the implementation of a model for
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primary and secondary schools, but to the best of our knowledge, such a model has not
been implemented and/or yet published.

We believe that the quality of teaching is more than just focusing on the teacher or
on the students, and it is more than just looking at the institution or the course content.
It is rather a process that includes all the above and more. So, unlike the aforemen-
tioned models, like Chen et al., we address the quality of teaching by looking at the
teaching process as a whole. However, in contrast to Chen et al., our model considers
not only tertiary teachers but primary and secondary teachers as well. A more elabo-
rated (tabular) overview about the differences between CMMI, TeaM and the T-CMM
models can be found in the work of Reg¢i and Bollin [3, p. 7] where the authors compare
the different process areas tackled and include these in the respective model.

2.2 Maturity Model in Practice

The application of maturity models is straightforward for engineers, but for teachers,
such an assessment might be new. This section describes the application of a maturity
model in practice, and briefly discusses usability and acceptability concerns.

The Capability Maturity Model Integration (CMMI) stemmed from the need to
assess and improve the quality of products. After many years of research, the SEI
collected and grouped together some relevant tasks and activities (by naming them
Process Areas (PAs)). These tasks were further split into basic ones (named Specific
Goals (SGs)) and their related activities (named Specific Practices (SPs)). The specific
tasks and activities are unique to a PA. When talking about the generalisation and
standardisation of processes, then some general tasks (named Generic Goals (GGs))
and related general activities (named Generic Practices (GPs)) were also defined. The
latter tasks and activities are common for all PAs [2]. The assessment of the process for
producing a product (software/service, etc.) with this model has a twofold meaning. It
can focus on different PAs and defines at which level (Capability Level (CL)) the
correlated specific tasks and activities are fulfilled, or it controls the fulfillment of tasks
and activities on a predefined group of PAs that correspond to a Maturity Level (ML).
Such outputs reveal at which maturity level a process for producing a product is.
Further improvement for the process means fulfillment of the group of PAs corre-
sponding to a higher ML [2].

Naturally, the question of how an assessment with maturity models looks might
arise. For conducting the assessment, CMMI has specific models, which consist of
steps of implementations. The assessment is conducted by a CMMI institute certified
assessor. The steps of the assessment start with the analysis of the requirements, which
determine what processes (sectors) a company wants to assess. This is followed by an
appraisal plan development and a selection and preparation of a team for doing the
assessment. The PAs are selected and a catalogue with questions is prepared. CMMI-
Services contains a total of 24 PAs and each of them has corresponding goals and
practices. This means that a catalogue with several questions needs to be answered by
the interviewees. For this, considerable time is required, and the quality and quantity of
questions is important as it might influence the results for ranking the company at the
appropriate maturity level. In the last steps of the implementation, artifacts are obtained
and the appraisal is conducted [2].
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One major problem when addressing the quality of maturity models is related to
time consumption for planning, answering and conducting the appraisal. It is also
related to the quality and quantity of the questions, and consequently that a rating to the
maturity model might influence the company (in terms of money, success, etc.).
However, the published “appraisal results directory” from the CMMI institute mani-
fests the usability and applicability of the CMMI model [22].

The Software Engineering Institution puts much effort in coming up with a con-
sistent version of CMMLI, involving a long process of studies and improvements within
the last 30 yrs. Nowadays, although the model is applied in practice, there are still parts
of it being improved. It is a continuous process of improvements. The same problem
holds for the TeaM model. Several studies are required to produce a better version of
the model.

3 Validating the TeaM

The TeaM is built up from the necessity for some standards to address the quality of
teaching. The particularity of the model is on addressing quality by considering the
teaching process as a whole with regard to teachers at university, primary and sec-
ondary schools. Making use of the model then either helps the educational institution in
evaluating and improving its quality of teaching (by, when required, producing a
ranking), or it helps teachers to evaluate and improve their teaching process on their
own. Within the TeaM, the teaching process is composed of four phases:

— Initialisation - where administrative issues are managed;

— Preparation - where the course is planned and prepared by teachers;

— Enactment - where the implementation of the teaching unit takes place;

— Quality and Incident Control - where possible incidents and the teaching process
itself are observed, analysed and refined.

For each of these phases, factors related to the quality of teaching are determined,
and in the TeaM terminology they are called Process Areas (PAs). Each PA contains a
collection of goals and activities (practices). The implementation of these goals and
practices indicates which PA is satisfied. In TeaM this is called “reaching a Capability
Level”. When a predefined group of PAs is satisfied, until the maximum Capability
Level is reached, then also a Maturity Level is reached. The latter expresses how
mature the teaching process is. Achieving a higher Maturity Level (so improving the
teaching process) means satisfying all the PAs associated with that Maturity Level.

A detailed description of the TeaM and its related PAs can be found in the paper of
Reci and Bollin [3], where also a first assessment related to its consistency is presented.
For the validation as presented in this study, another survey (including two question-
naires and one interview) were conducted. For this, the practices of the TeaM were
mapped to 76 questions in the first questionnaire (comparable to CMMI appraisals),
helping us to assess the quality of the model. The second questionnaire (containing 7
questions) then focused on applicability considerations.
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3.1 Study Objectives

Having the size of the TeaM and the time-requirements (when applying it in practice)
in mind, the objective of the study was to test the TeaM in terms of usability and
acceptability with teachers at the University of Klagenfurt. In the context of this paper,
we tried to answer the following question: how is the applicability of the TeaM per-
ceived by lecturers at the Alpen-Adria-Universitdt Klagenfurt?

To deal with the objective and for answering the question, a structured interview
accompanied by a questionnaire were performed.

3.2 Research Settings

A survey (including questionnaire and interviews) was used as a research instrument to
assess the applicability of the TeaM in practice. The assessment was planned in a
similar way to CMMI appraisals, and at first, we identified potential lectures and
lecturers at our university. At random, 30 informatics courses from our bachelor and
master programmes at Alpen-Adria-Universitdt were selected. The experimental sub-
jects were the lecturers of these courses who were then interviewed. From 30 infor-
matics courses that were selected for the study, only 13 lecturers participated and
answered the questionnaire. The lecturers varied in their experience in teaching, from
3 yrs to 25 yrs. Only one lecturer was female, but all of them were specialised in the
field of informatics and are teaching in the bachelor and the master programmes.

In comparison to CMMI, the TeaM has a total of 12 PAs with related goals (31) and
practices (76). The practices of each PA were taken and a catalogue with questions was
provided. The catalogue contained 76 “yes/no” questions representing the 76 practices
of the TeaM. For instance, the practice “SP1.2.1.2 Arrange the Classroom Atmo-
sphere” is mapped to the questionnaire as the question (translated to English): “7. Do
you attempt to provide an adequate atmosphere in the classroom?” The same strategy is
applied to all the other practices. For supporting the appraisal process, the 76 questions
were provided in an electronic format using Google forms. This makes the questions
public and accessible by those who are interested to use such a model. Moreover, the
participation remains anonymous as no personal data are collected. The link to the
questionnaire is maintained on the website of our Department (in the project section
with the name “TeaM model”). On the project website, you find both the link for the
questionnaire and the file containing the detailed description of the TeaM Version 1.6
(including the 76 practices) [23]. Teachers and educators are invited to join the project
and to report on their personal experience with it.

For performing the appraisal, two non-expert assessors (members from the Infor-
matics Didactic Department of the Alpen-Adria-Universitit Klagenfurt) were involved
in the interviews. During the interviews, the teachers were given two questionnaires.
The first questionnaire contained 76 questions related to 76 practices of the TeaM. This
was necessary in order to introduce the model to the teachers (by applying it in
practice). The second questionnaire (with 7 questions) then focused on the two
dimensions, usability and acceptability, and it was given to teachers after applying the
TeaM. The questions focused on:
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(Q1) Time to fill out the TeaM questionnaire

(Q2) The understandability of the questions

(Q3) How much they liked filling out the questionnaire

(Q4) The assumed benefit of the model in the future

(QS5) The relevance of the model for assessing the quality of teaching
(Q6) Whether the model would criticise the teachers’ way of teaching
(Q7) Other observations or ideas to share

The results are presented in detail in Sect. 3.3, while the presentation of the results
from the first questionnaire (the TeaM assessment) is not in the scope of this paper. In a
next step, however, the results from applying the TeaM in practice will be analysed to
see if there is a correlation between the generated TeaM’s maturity levels for each
course with the feedback provided in the ZEUS system at the University of Klagenfurt.

3.3 Study Results

The 13 lecturers participating in the questionnaire worked through all the “yes/no”
questions about the practices of the TeaM, and at the end they provided their opinion
about missing/relevant practices of the model. Additionally, a questionnaire with 7
questions was given to them to better understand their perceptions about usability and
acceptability of the model.

(Q1) The first question was related to the time required to fill out the questionnaire.
The average time was 30 min to answer the 76 questions. Only one interview lasted
longer (56 min) because the assessor read the questions and the interviewee read the
questions himself one more time.

(Q2) The second question dealt with the understandability of the questions from the
first questionnaire. We were looking for any ambiguities. Five questions needed
explanation from the assessor, because their structure was misleading for the inter-
viewees. Basically, these questions were connected with “and/or” conjunctions and
they confused the interviewees. Examples of such questions were: “Do you consider
other requirements that might come from students/pupils (like explanation of a new
term, repetition of an exercise, etc.), OR administration (like substituting a colleague in
one teaching hour because she/he is sick?)”; “Do you consider AND document
problems during units’ delivery?” Another problem was a set of questions related to
existing curricula. As there are courses which are not based on only one curriculum, a
correct answer was impeded as well.

(Q3) The third question produced a ranking from unpleasant (1) to wonderful
(10) of the process for filling out the questionnaire. The interviewees rated it with 6.
This was related to the unclear structure of the sentences and due to the fact that they
had to think about their teaching process for the first time. This created a little tension
for them and they were trying to explain the reason why their answers were “no” or
why “bad” things happened in their course. The assessors think that the TeaM ques-
tionnaire might work better without the presence of an assessor. However, the inter-
viewees expressed their deep interest in the model.

(Q4) The benefit in using this model for the future was the fourth question. The
interviewees liked the idea of thinking about the questions that helped to improve their
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teaching, so they thought that it was an advantage to use the model. The only problem
identified was related to documentation practices that were required by the model.

(Q5) The fifth question revealed if the TeaM is relevant or appropriate to be used in
order to assess the quality of teaching. None of interviewees raised a concern that any
of the questions was not related to the quality of teaching. They saw it as a good
collection of standards to follow for addressing the quality.

(Q6) The sixth question looked closer at the fear of the interviewees if such an
assessment could criticise their way of teaching. In a way, the answers were “yes”.
They expressed this response even in question 3. There, they expressed worries about
some questions that they could only answer with “no”, and this was in a major way
related to the documentation practices.

(Q7) Last but not least, they were asked about other observations or ideas to share.
They thought that providing more information on the questions in such a way that no
assessor had to participate during the assessment would make them answer with less
tension. Most questions were well understandable and also interesting to think about.
Already the process of trying to answer the questions and thinking of their own process
was felt to be worthwhile.

4 Discussion

By analysing the collected feedback, it is noticeable that the model somehow surprised
the interviewees. It made them think (maybe for the first time) about teaching as a
process. If we go back to the questionnaire, it is obvious that, in comparison to the
CMMI questions catalogue, answering the questions concerning the TeaM takes not so
much time (referring to Q1). This is worthwhile when thinking about the model as a
part of assessing and improving your work.

Based on the results (Q2), we see that the TeaM needs to be improved regarding the
structure of its “and/or” sentences, even though splitting them will yield a slightly
larger number of questions and consequently lead to a higher time consumption.

When answering the main question related to the objective of this paper, the TeaM
is perceived as interesting from the general point of view of the lecturers at Alpen-
Adria-Universitét. Providing an improved version of the model (with clearer questions
and with no assessor) will further motivate the teachers to use it in practice. Clearly, at
least within the scope of the study, the model is applicable by the teachers at Alpen-
Adria-Universitdt Klagenfurt. Another benefit to be considered is: by just introducing
the TeaM, the idea of seeing their own teaching process in more detail was planted into
the heads of the participants. When perceiving TeaM more as a self-assessment
framework rather than as a raking generator, then its integration in practice in the
educational domain could be greater.
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5 Summary and Future Work

The TeaM is an ongoing project running at the Alpen-Adria-Universitit Klagenfurt. At
first, it can be seen as a model for ranking. This might create doubt with teachers as to
whether to use it or not. However, the main aim of the TeaM is not to create a ranking
between teachers or educational institutions (even though one might do so). TeaM aims
at providing a framework that helps teachers to assess the quality of teaching and to tell
them how to improve.

After a lot of theoretical research, the TeaM is now consistent, and its applicability
in practice was tested for the first time. Based on the results presented in this paper, it
seems that it can be used by teachers to assess their teaching process.

As to future work, we plan to test the model in other courses at the University and
schools and to produce stable maturity levels based on the results. Further future work
will be the extension of the TeaM by an advisory framework. The practices of the
models will then be presented in a form of a checklist, clearly defined and annotated,
and future users will not need the presence of an assessor to apply the appraisal.
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Abstract. This paper describes innovation platform development for co-
creation of serious games. Innovation platforms offer modes of collaboration for
schools, universities, citizens, and companies. The main actors of this project are
three universities and two science centres in Finland. Several modes for col-
laboration have been tried in order to discover permanent structures that would
benefit various stakeholders. Interests of different stakeholders have been
analysed in order to find conditions for successful co-creation. Problems that
prevent efficient collaboration have been identified, which are predominantly
financial issues. Moreover, some more game-specific issues have been discov-
ered: the understanding of use of games in education and pedagogical goals and
methods are not necessarily shared between game developers and educators.
Game developers seek to create games that are entertaining, whereas educators
want tools that support curriculum goals and enhance learning. However, the
idea of collaborative design practices in learning has been welcomed by all
stakeholders. In particular, the co-creation in science centres has started suc-
cessfully, bringing small start-up companies and school students together around
educational application development where science centres act as facilitators.
Recommendations for best practices in universities are drafted in order to find
efficient ways of implementation.

Keywords: Serious games - Co-creation - Innovation platforms - Games firms

1 Introduction

This paper aims at analysing conditions and boundaries for collaboration between
various stakeholders on an intended innovation platform for development of educa-
tional games. This research follows the methods of innovation action research [1],
which is an obvious choice for a study where researchers follow and act as part of the
development. The data are based on several projects and experiments that have been
implemented in Metropolia and Oulu Universities of Applied Sciences, the University
of Helsinki, and the science centres Heureka and Tietomaa in Finland. The efforts of
the Edudigi project to create an innovation platform are analysed, and data from
similar endeavours are compared with this particular process. The main focus is on
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collaboration patterns and how successful different ways of implementing co-creation
have been. There is already many years of accumulated experience of development of
serious games with various partners in these institutions, but the changing situation in
the games and mobile applications marketplace needs continuous reassessment.

The project has been implemented as part of the European Union (EU) sponsored
Six City strategy, which is described as follows: “The Six City Strategy runs between
2014 and 2020 with the aim of creating new know-how, business and jobs in Finland.
It is funded by European Regional Development Fund, European Social Fund, the
Finnish Government and the participating cities. The Six City Strategy has three focus
areas: open innovation platforms, open data and interfaces, and open participation and
customership” (p.n.p.) [2].

This paper first briefly discusses use of games in the classroom and the current
research on educational games. Next, the idea of an innovation platform and different
stakeholders in educational games development are presented, and the current situation
for each stakeholder is analysed. Next, several efforts in collaboration between public
and private actors in forms of projects are described, major obstacles are analysed, and
some lessons learnt during the projects are listed. Finally, conclusions on collaboration
patterns are drafted.

2 Educational Games in the Classroom - Current Research

In Finland, the new National Core Curriculum (2014) emphasises using games and
gamification in learning [3, 4]. Playful learning is seen to advance learning and as a
motivational factor in both information and communications technology (ICT) skills
and in different subjects such as mathematics or languages. While digitalisation has
entered children’s lives, there is still a huge variation in how digitalisation and digital
games are being used in classrooms: more than 80% of the teachers report that they
need additional training for ICT use [5]. Many teachers are having difficulties in
implementing digitalisation in schools so that it would truly support and advance the
ways that the students use ICT. However, gaming has been shown to motivate students,
spark interest towards new knowledge, as well as to build bridges between formal and
informal learning [6].

The use of educational games is increasing both in primary schools and in higher
education. Additionally, many virtual learning environments increasingly offer “gam-
ified” features such as badges and points, without really ensuring that they enhance
learning. The assumption has been that gamification is good as such, because it is
presumed to motivate students. Several studies on the usefulness of games in learning
have been published, including a meta-study in 2012 by Kapp [7]. Kapp had collected
six carefully chosen meta-analysis studies that each examined a large amount of studies
that attempted to resolve the issue of effectiveness of games in education. The studies
compared reported learning outcomes of game use to other methods, but the result was
inconclusive. Overall, in more than half of the cases games were found somewhat
beneficial. Kangas et al. conducted a meta-study on teacher involvement in game-based
learning in 2017, noticing that there still is a scarcity of research in this field [8]. Plass
et al. recently presented ideas for viewing game-based and playful learning through
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cognitive, affective, behavioural and sociocultural levels of learner engagements, which
offer foundations for analysing successful learning both from the features of the game
and its pedagogical context [6]. Much depends on the type of game, how it is supported
in the classroom, and what kind of learning it is designed to produce.

Research in serious games and gamification spans various disciplines, and it is still
at a nascent stage, as concluded above. There are journals that are inclusive to games
research such as the International Journal of Serious Games (online) but most research
is published across various platforms including educational technology conferences.
The research results from academia are therefore hard to locate, and have not yet fully
reached the commercial world or schools.

3 Methods

Kaplan [1] outlined a version of action research that engaged the researcher in an
explicit programme to develop new solutions, and to evaluate and improve the solution
in a research cycle that he called innovation action research. In the research that is
presented in this paper, the method seems a natural choice, as the researchers follow
and act as part of the development effort, where publishing intermediate steps also
works as an evaluation tool. Action research is a form of field research, largely
descriptive and qualitative, consisting of a set of cases for analysis and testing theories.
The data in this study are based on several projects and experiments that have been
implemented in three universities in Finland, with the authors as members of devel-
opment teams or observers.

4 Stakeholders on Innovation Platforms

4.1 Innovation Platforms

Innovation platforms are defined as environments that enable the development of new
products, services and markets, allowing the entire city community to work together to
create new services, solutions and businesses. This indicates that innovation platforms
are tools that cover the entire life cycle of a service, from idea to testing and from
testing to product. Innovation platforms were created to offer effective and functional
services for agile trials, user-oriented joint development, and controlled user-testing of
new innovations and technologies [2].

The Edudigi project in the cities of Espoo, Vantaa, and Oulu is an experiment to
create a platform for collaborative development of educational games. The actors of the
project are three universities and two science centres in those geographical areas.
Several modes for collaboration have been tried and analysed in order to discover
permanent structures that would benefit various stakeholders, including universities,
primary schools, games companies, and science centres. Figure 1 explains the intended
setup of the innovation platform, showing the stakeholders in the city of Oulu.
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Oulu Educational Game Development Platform

. I =
Natlona'and Oulu Oulu Business
International 3 school oul
Companies companies 1003 -

7 ) 4
Problems + Investment and
Ideas Acceleration
New
Oulu stamcjips
EdulAB . clf]
| § | New Testing + products
teams Verification -

Oulu Game i L3
LAB ‘ :
. Oulu

Fig. 1. Oulu educational game development platform

4.2 Games Companies

Games companies are predominantly small, often start-ups. According to a survey by
the national Finnish funding agency TEKES, there were around 80 companies that were
developing serious games in 2016 [9]. However, in an effort to map their activities in
2017, only less than ten firms were found to be continuously developing and selling
games for public use. Most were producing games and other software as a service, or
had stopped functioning. On the other hand, over 30 other companies have started since
then. Many firms are start-ups with one game or a family of games. About a half of the
games that were brought to the market were free, whereas 26% were sold as a direct
purchase (premium model). Some of the games had a more complex earning model such
as yearly or monthly subscription, school licence or a freemium model. The freemium
model is dominant with commercial mobile games where players pay for extra services
or goodies during the game. These games have been developed to hold the attention of
the player, or even to create an addiction. This kind of model is seen as unethical when
children are concerned, and therefore should be avoided in educational games [10].
According to the above-mentioned survey, financial problems are the most
important impediment for the growing of the firms. One large problem is with the
earning model compared to developers of entertainment games, where the players are
customers and pay for the games. The question arises, who is the paying client when a
game is used in school? Schools favour open source, free software because of lack of
funds. Most of the above-mentioned free games had been developed in some project
with public funding. Unfortunately, the development and maintenance of the game
usually stops when project funding ends, and the products soon disappear from
the market. A few financially successful products have been developed without a
connection to school curricula, such as Yousician (where you can learn to play a
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musical instrument) and the language game WordDive. Language teaching applications
abound for mobile devices and personal computers (PCs) also globally. Additionally,
there is a category of educational games that has been developed by enthusiastic school
teachers or university educators. Many mathematical and science games belong to this
category, as well as learning environments based on map-related activities [11].

One of the ideas of the innovation platform for serious game development was to
connect educators and pedagogical experts with game developers. However, the games
firms do not seem to feel a strong desire to get help neither in usability or pedagogical
issues, nor in game development as such. This was obvious in the TEKES survey [9],
and it is illustrated by responses to later efforts to contact the firms and to market
pedagogical knowledge to them. Money matters are most urgent for small businesses.
Moreover, the market for classroom materials and textbooks is dominated by a couple
of large publishers who can also provide gamification as part of the teaching material.

4.3 Schools and Teachers

Education departments in municipalities have an active policy to encourage digitali-
sation of schools according to national strategies [3]. In practice, the most popular
measurements locally have been purchases of tablets, computers, and other hardware.
On the national level, there are several government funded projects to enhance digi-
talisation, such as trials of virtual reality gear in some school districts. Teacher unions
have conducted surveys among their members and complain that teacher training in
digitalisation has not been a priority, and very little time has been allocated to the
training [12]. Recent studies show that teachers have difficulties in implementing new
practises of ICT in schools [13]. In fact, even though teachers reported to use ICT in
schools, most of the use in classrooms is teacher-driven and the main aim has only been
to show students facts, for example, using Microsoft (MS) Power Point. Internet is
mainly used as a source of information. According to the students, ICT was used less
than what the teachers reported.

However, an active cohort of teachers participates in networks that develop uses of
virtual and digital tools. Some act as mentors for their colleagues, who are less
knowledgeable. Teachers who are willing to participate in development efforts, can be
found through the existing networks.

4.4 Educational Institutions: Higher and Vocational Education

Since the remarkable global success of the local commercial entertainment games
industry in 2010, universities in Finland have been involved in game developer edu-
cation and various projects to develop new games. The ministry of education as well as
the board of education have granted funds for the projects, many of which are also
funded from European sources. Currently, 6 universities and 11 universities of applied
sciences have some kind of degree specialisation that has “game” in its name. The first
students from these programmes graduated in 2016 [14, 15]. Additionally, education is
provided by 10 vocational schools. The games industry was worth 2,400 million euros
in 2015 (turnover). However, it only employed 2,700 people [15]. Those figures indicate
that the investment in the education for professionals in that field is very strong.
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Despite the strong interest in educating games experts and creating company
contacts, universities have not shown that much interest in using games as part of the
educational toolkit. Exceptions are business and industry games that are widely used in
business schools and other universities. Fields that evidently would be suitable for
educational games such as engineering, have developed astonishingly few educational
games.

A thesis that surveyed the attitudes of vocational school teachers and students in
construction, heating, ventilation, and air-conditioning (HVAC) teachers in particular,
found that the instructors did not see any use for mobile game applications in their
education, even though most students expressed interest in learning through the games.
Teacher answers showed lack of knowledge of mobile application use, and reluctance
to devote time to something new and unknown. If the games were part of the textbook
materials, they would have accepted them. The respondent population in this survey
covered about half of the vocational teachers in HVAC in Finland, 96 people [16].
A newly-designed game prototype in a related area, namely electric installations, has
just been released and was tested by two groups of students, vocational and engineering
students. The six engineering students who were already certified electricians found
this three-dimensional (3D) game on PCs useful and interesting. According to the
electricians, practicing electric installations in reality is slow, and going through
alternative solutions takes considerable time. A game offers quickly many challenges
and a safe environment to fail and retry.

4.5 Students

Currently, most young people play mobile or computer games daily, at least in Finland.
According to the nationwide survey on playing habits, 80% of the population between
10 and 30 years play some kind of digital games regularly [17]. The age group 10 to 19
years is most active, and 52.2% of respondents from that group play some kind of
digital game daily, and 81.6% weekly. This part of the population plays digital games
on average 12 h per week. In fact, 25% of them report having some kind of time
management problems because of the game playing. The modes of playing vary
between ages and gender, as girls and young women play more mobile or social games
such as Candy Crush and Hay Day, whereas boys and young men play more car
driving and fighting games on game consoles. However, it seems clear that playing
digital games is a common activity among the student population, also internationally
[6], and young people have no aversion against games.

5 Modes of Collaboration in Game Development

5.1 Co-creation of Games in Science Centres

School groups regularly visit science centres to heighten interest in science. Science
centre exhibitions are planned to support active learning and participation. New modes
of presentation and latest innovations in science and technology are attractively pre-
sented. Nowadays, tinkering is an important aspect of the ideology of a modern science
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centre; challenges in the exhibition are open-ended, and visitors can create and
experiment with various alternative solutions. Therefore, science centres are well suited
to be collaboration hubs for co-creation in game development.

The two science centres in this project have developed a procedure to contact
games companies and schools in their surrounding areas, and have created a platform
for testing and collaboration sessions. School groups can combine a game session to
the science centre visit, or they come particularly for a game development and eval-
uation session. Game companies can pose their questions to the students, let them try to
use their prototype applications, or generate ideas for new educational games. The
companies have direct access to young people’s feelings, and moreover, they get
teacher insights into the educational value of their products. The types of games have
not been limited into any particular variety and have included mobile applications as
well as virtual reality games.

This service has proven to be popular among game companies as they can avoid the
bureaucratic procedures of contacting schools and acquiring permissions from parents
for evaluation sessions. The facilitators of the science centre support the co-creation
process by motivating the school group. Students learn about the innovation process by
practicing it themselves. Different kinds of brainstorming tasks are an essential element
in the session. It has to be emphasised that the students are the actual experts in the co-
creation process (see Table 1).

Table 1. Structure of the co-creation process

st visit

Science centre facilitators motivate pilot users; problem solving tasks; pilot
groups’ own innovation process begins

Introduction to co-creation session, start-up presentation, co-creation and
feedback

2-3 weeks break
Schools: Homework
Start-up: Further development based on feedback

2nd visit
Pilot groups’ own innovation process continues; presentations

Introduction to co-creation session, start-up’s greetings, co-creation and
feedback

Around 700 school students have participated in co-creating products of 15 dif-
ferent companies in one science centre. The evaluation methods have been tailored for
each company. Sessions have been observed and sometimes videotaped, and partici-
pants have answered questionnaires after the session. This has given the researchers a
great amount of data on children’s approaches to games. The companies have
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participated in co-creation sessions to a varied degree. Additionally, they have received
summary reports of the findings from the facilitators. The service has been provided for
free due to various sources of project funding. Whether companies will be willing to
continue to use the service when they will be charged, is yet an open question.

Student eagerness to participate in co-creation has been positive, even though their
learning has not been ensured. Students have been offered a glimpse into the game
development process, and a chance to influence the resulting products, which they have
found inspiring. The real interaction between the entrepreneur and the student is a
cornerstone of the process. If the entrepreneur is deeply interested in the feedback, the
co-creation process is an empowering experience for students. Evaluations by teachers
reveal what kind of skills teachers believe their students learned during the process.
Product development process, teamwork, brainstorming, causal relationships, and
argumentation are often mentioned.

5.2 Games Development in Universities

Universities have a variety of collaboration units, some with purely educational goals,
and some with commercial interest. There are separate development laboratories, called
Game labs, Games Studios, or the like, which offer students a chance to get involved in
real projects ordered by outside firms or organisations. In those laboratories, methods
of team software or games development are applied, and students have an opportunity
to learn industry practices [15]. They might also get support in founding start-up
businesses, which usually takes place in business incubators that are attached to uni-
versities. One university also has a game-related learning centre that gives start-up
businesses a chance to participate in a couched six-month accelerator programme.

As long as the game development activities are mainly geared towards educational
goals, the experiences and outcomes have been positive. However, when commercial
interests are counted, more ambiguous results are shown. University projects seldom
can produce outcomes that fulfil commercial requirements, and they function best for
idea generation and prototype creation.

Universities have been involved in various student projects where gamification of
educational content has been explored in collaborative settings [18]. We have earlier
reported trials of collaboration between primary schools and various groups of uni-
versity students, which have been successful in educational terms, but no commercial
product was ever delivered. Additionally, there has been educational game develop-
ment together with large enterprises and, on the other hand, with start-up companies.
The fields of application involved health care and health education, engineering edu-
cation and simulations [19].

6 Discussion

Crucial problems that prevent efficient collaboration have been identified, such as
different timespans and periods of activity in educational institutions and private
companies. Large enterprises are more tolerant with time issues, as the activity is only
of minor importance for them, and they can afford a small investment without quick



Collaboration Platform for Public and Private Actors 149

turnover. Small start-ups work on very short timespans, and the delays that are caused
by school semesters and terms, and timing of project activities, can be restrictive.
Experience has shown that when the school or university was ready for the collabo-
ration, the start-up had already been engaged in something else. On the other hand,
financial issues are always central. Firms have to take the most lucrative deals,
therefore they might abandon a school project that had been started in favour of a well-
paid project.

Another set of difficulties involves questions concerning privacy, especially when
minors are involved. Public projects and institutions have to act openly, and the
intellectual property rights are granted to students when they are involved; moreover,
public grants demand open sharing of results. Companies would like to keep business
secrets and secure their own intellectual property rights (IPRs). However, these could
be seen as practical problems that can be solved by careful drafting of contracts. Many
universities have developed their own contract forms for these situations. In case of
underage children, permissions need to be acquired from parents for activities that
make them test subjects or targets for photographing or videos. Because school districts
act locally, there are many different models for this.

Aside from these general concerns in collaboration, some more game-specific
issues have been identified: the understanding of use of games in education and ped-
agogical goals and methods are not necessarily shared between game developers and
educators. Moreover, organisational cultures in the game development world and in
public education are far apart. The views could be summarised simply as follows: game
developers seek to create games that are addictive and fun whereas educators want
tools that support curriculum goals and enhance learning. For example, a new edu-
cational game Big Bang Legends has many entertaining and addictive elements, but it
offers high school physics to primary school age children. Therefore, schools have little
interest in it, but it might function as a commercial success as a game.

7 Conclusion

Certain basic requirements have to be met in order to have a functional innovation
platform for co-creation. Before creating or maintaining the platform itself, there has to
be a clear shared vision across all parties. How are the different parts of the concept
seen and how have the meanings been negotiated? The main actor or centre for the
platform has to be reliable and easy to reach by all parties. The platform needs con-
stancy and continuity, which is achieved when there is a strong commitment to it
among the major parties. As was detected in this study, personal relations and indi-
vidual interests cannot be forgotten as, after all, everything works through people.
Finally, a sound earning or funding model has to be established, otherwise financial
pressures will make the operation impossible.
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Abstract. This paper deals with a preliminary empirical study carried out
during a museum school visit. The study aims to understand the influence of a
game on students’ conduct in the museum. We address the use of digital games
for personalising experiences in museums and for fostering visitors’ interactions
with the museum exhibition. The paper describes the design-based methodology
and the collaborative design and testing of a digital game dedicated to help
young museum visitors address the consequences of their relationships with
nature and to understand the concept of anthropocene. Students were videotaped
and the data collected enabled the identification of different conducts and situ-
ations depending on the gameplay performed by students.

Keywords: Gamification + Game-based learning + Museum school visit -
Anthropocene - Nature Museum

1 Introduction

To educate visitors about the concept of anthropocene, a new relationship with nature
and a global human impact of human behaviour, the Nature Museum of Valais
(Switzerland) is seeking innovative approaches to offering young visitors engaging
experiences and meaningful encounters with the museum’s collections and exhibitions.
Within this context, the PLAY Project addresses a specific question: how can we link
conceptual knowledge with embodied and gameful experiences in the museum space?

This paper aims to describe how this issue has been collaboratively addressed by
researchers and the staff museum. Different game-based approaches have already been
proposed for the use of digital technology as a means for personalising experiences in
museums. For the PLAY project, we applied ludicisation to convert the museum visit
into a gameful experience dedicated to help secondary school students to re-think their
relationships with nature.
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In the following sections, we describe the first iteration of the project. We also
discuss the preliminary results of an empirical work carried out in the museum with 3
classes of secondary school students. These results deal with students’ behaviours and
students’ interactions with the museum collection and also with the digital technology,
peers and the museum staff. In the first section, we present the context, the concept of
ludicisation for museums and the research objectives. A second section is dedicated to
describe the methodology of the study and Pearl Arbor, a game dedicated to help
young museum visitors to address the consequences of their relationships with nature
and to understand the concept of anthropocene. In the last section, we discuss the
results and the lessons learned from this study.

2 Museum Exhibition Ludicised

2.1 Understanding Human Relationships with Nature During
a School Visit

The Nature Museum of Valais (Switzerland) is a natural history museum which gives a
broad space to the topic of the relationship between man and its environment. In
particular, since 2013, anthropocene has been the backbone of many of its activities
offered to the public. As a result, since 2014, a room is dedicated to present the concept
of anthropocene. The room concludes the museum path of the permanent exhibition,
which is mainly based on anthropological knowledge presenting evolution during the
time period covering the relationship between humankind and its environment.

The concept of anthropocene expresses the idea that humankind has become a
geological force with direct and strong effects on geochemical cycles and on biodi-
versity [1, 2]. More precisely, the name anthropocene refers to the international
chronostratigraphic chart also named geological timescale. Currently, there is a con-
troversy to make anthropocene a new official geological period and there is strong
debate on this in the scientific community.

Despite its controversial nature, anthropocene has been considered in the Nature
Museum of Valais to have great potential for many reasons in both communication and
science education. In terms of communication, the concept is more and more used in
the media and, as a result, more and more known by a large audience. In terms of
science education, it first offers the opportunity to present an overview on all ecological
problems and to focus not only on climate change, that is certainly serious, but is
definitely not the only problem.

From a school curriculum point of view, anthropocene enables perspectives on the
borders of school disciplines. As it deals with topics like history, geography, anthro-
pology and philosophy, anthropocene is not limited to the natural sciences. Anthro-
pocene is a new idea, but is not a single and well-defined concept and many discourses
are proposed. The project developed by the Museum can be affiliated on what is called
“the bad Anthropocene” which does not mean that the vision is purely pessimistic but
basically means that the concept has a strong cultural dimension. From this point of
view, basic anthropological and philosophical topics are questioned, because the
anthropological ascertainments are not limited to population overgrowing or bad use of
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technology. It also has cultural dimensions; for instance, the myths and stories that
societies have about their relation with nature or the classical modern ontology making
a strong difference between nature and culture. Those cultural dimensions are con-
tingent to space and time and must also be addressed.

Anthropocene is not mentioned in the Romand Swiss Secondary School Curricu-
lum. However, in this official document, this concept precisely relates to the first
sentence of the introductory text for social sciences and humanities: “Discovering
cultures and ways of thinking through space and time; identifying and analysing the
system of relationship that join each person and each social group to the world and the
other”. By combining diverse knowledge from disciplines as different as the physical,
natural sciences, engineering, social sciences and humanities, anthropocene is a great
opportunity for combining knowledge from many school disciplines and addresses
both multi-disciplinarity and complexity. However, for secondary school students,
addressing anthropocene is a big challenge and specific educational strategies might
help. Thus, we decided to use digital learning technologies to implement a ludicised
learning scenario for school visits.

2.2 Ludicisation of School Visits

Museums are considered ideal environments for experimenting with learning tech-
nologies [3], and, recently, a multitude of game-based programs have been designed for
different media, platforms, and visitor types. Current approaches entail the use of
mobile devices, guiding families’ explorations of collections through treasure hunting
and mystery solving [4, 5] or tasks that scaffold students’ problem-solving across
school and museum contexts [6-8]. In designing learning games that both engage and
support inquiry across school and museum contexts, mobile social media, ‘smartphone’
technologies, and ubiquitous Internet access have been pivotal developments [9, 10].
However, technology is not an objective per se and experts agree on the need to
increasingly focus on personalising experiences in museums [11].

Given this context, ludicisation [12] may offer an opportunity for designing game-
like experiences for museum school visits. Ludicisation is now proposed as an alter-
native concept to gamification. Indeed, initial definitions of gamification are focused on
the use of game elements and game mechanics for non-game contexts. Since no
specific elements belong to games [13], recent definitions describe gamification in more
psychological terms. Gamification is grounded on motivational affordances, the
actionable properties between an object and an actor [14] and gamefulness or ‘gameful
experience’, the experiential condition that is unique to games [13]. The concept of
ludicisation is a new step forward to recognise the subjective and performative nature
of play. The suffix —icisation emphasises that it is not possible to “make” the game, as
suggested by the suffix “-fication” (facere) of gamification, but mainly, that it is pos-
sible to change the meaning of an ordinary situation with the implementation of
affordances grounded in game-design principles, to foster gamefulness [12] and to
personalise experiences.
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2.3 Research Objectives

By using ludicisation techniques, we expect to foster students’ engagement into
meaningful encounters with the museum’s collections and exhibitions. We expect that
ludicisation will enrich students’ experience in the museum. We also expect that the
students will take advantage of this experience by developing knowledge related to the
concept of anthropocene and their relationships with nature. This paper deals with a
preliminary study based on the experimentation of the very first version of the game. It
focuses on students’ behaviour in the museum when they play the game and we address
two main research questions:

1. Does ludicisation foster new types of encounters with the museum’s collections and
exhibitions? How do we foster students’ interactions that help them to identify their
relationships with nature and to rethink these relationships?

2. Which element, or which methods, should be taken into account for the ludicisation
of a museum school visit?

For the first question, we examine students’ behaviours and hypothesise that a
specific gameplay should have specific consequences on students’ behaviours and
knowledge in terms of:

a. interactions with the museum’s collections and exhibitions;
b. interactions with peers, teachers and museum staff;
c. self-identification of their relationships with nature.

For the second question, we want to elaborate on concrete experiences gained
through the concrete implementation of ludicisation.

3 A Design-Based Research Project

3.1 A Collaborative, Iterative and Contributive Methodology

The study is grounded on a design-based research methodology (DBR) [15] and strong
collaboration between researchers and practitioners [16]. Design-based research
(DBR) consists of conducting an iterative process [17] dedicated to game design,
taking advantage of the museums as educational resources [18]. This design process is
combined with the analysis of the data collected during experimentations carried out
collaboratively by researchers and practitioners (museum educators and software
engineers) in naturalistic contexts (museums) [19]. Thus, DBR aims to address theo-
retical issues with targeted research based on interaction design with digital artifacts
and empirical studies performed in naturalistic contexts [16].

The methodology used in this project can be described based on the five following
characteristics of DBR [15]:

— Contributive: Practice is considered to be a condition but also a means for carrying
out research [20]. A game (called Pearl Arbor) has been designed during a one-
week workshop organised in the Museum. Four Master-level students participated
in the workshop in 2015. In 2016, one of the Master-level students was hired for the
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writing of the final version of the specifications of the game. In 2017, the first
version of the game was developed by students from a Swiss computer science
vocational school.

— Collaborative: For the design of the game, the Master-level students were assisted
by 2 researchers (scholars in game-based learning and museums). During the one-
week workshop, specific meetings, focus groups or interviews were organised with
stakeholders: the director of the museum, museum visitors, museum educators and
other museum staff. The design of the game was grounded on Agile [21] and user-
centred [22] methodologies and thus used a collaborative process aimed at
designing visitors’ personalised experiences adapted to the museum’s objectives.

— Iterative: the design of the game and the scenario were iterative. The preliminary
version designed by the Master-level students was modified. Some changes were
made to the writing of the specifications and new changes were decided during a
workshop organised after a first experiment in the museum. The design of the game
and the scenario resulted from several steps that combined design and analysis for
flexible design revisions.

— Experimentation in naturalistic contexts [19] was enabled by the participation of
museum staff for the whole process. DBR considered the complexity of the studied
context without restricting it to a few variables only [23]. Three experimentations
were carried out in the museum with the presence of the researchers, the software
engineer and the museum staff.

— Diffusion of the results: The theoretical issues and the gameplay tended to be
communicated through papers and presentations to the scientific community and
practitioners. Informal learning contexts of museum needed to be documented to
raise and improve existing practices [18]. All the participants in the project were
involved in the writing of this paper.

In the following sub-section, we describe the game designed by the Master-level
students and re-engineered during the writing of the specifications and the software
development.

3.2 Pearl Arbor, a Metaphor of Relationships with Nature

Pearl Arbor is a mobile game accessible on digital tablets. Using augmented reality
(AR), the game is playable by teams of students. The game encompasses two parts,
representing a shift of relationship with nature. In the first part, players are asked to
virtually capture animals using AR. They try to gain as many points as possible. The
museum has a large collection of stuffed animals. For this first part of the game, each
player can point the camera to a stuffed animal. The mobile application (app) recog-
nises the animal and asks the player what she wants to do. At this stage, the player can
choose if she wants to domesticate the animal using a finite stock of food or tools or if
she wants to capture the animal through a combat with an animal from her collection
already captured. The outcome of the combat is based on statistics, computing the
chance of winning depending on the kinds of animal faced during the battle. For
example, a bear has a better chance to win against an ermine than the opposite. If the
battle is won, the animal is captured and placed in the player collection and can be used
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in future combats. Each time an animal is domesticated or captured, a collective life
gauge representing the amount of natural resources is lowered. This gauge starts at
100%. 1t is visible on all mobile apps. When the life gauge is close to 0, the first part of
the game ends. Then, a short debriefing session is conducted by the museum educator.
Players are made aware that the game ended due to the lack of natural resources that
was collectively lowered by players when they captured animals.

The second part of the game leads players to better understand nature by answering
a set of multiple choice questions (MCQs) to collectively set the nature resources back
to normal. The set of MCQs is based on pieces of information available in the museum
exhibition. One good answer increases the life gauge of a few points and one bad
answer has no effect on the life gauge. When all players have answered the set of
questions, they get information about the level of the final life gauge.

The two parts of the game are a metaphor of a shift of our relationships with nature
and the consequences of this shift on the sustainability of natural resources. We expect
that the game will help students to get an embodied experience of these relationships
through gameplay. After the end of the game, the students are grouped in the main
room of the Museum. This final step consists of a debriefing session conducted by a
museum educator. The objective of the debriefing session is to deconstruct the meta-
phor and to make the knowledge explicit. The discussion is based on the experience
that the students get through the game. It offers the opportunity to introduce core ideas
in which the concept of anthropocene is grounded.

3.3 First Experimentation and Data Collected

During autumn 2017, three experimentations were carried out with 3 classes of sec-
ondary school students. The whole scenario encompasses different phases: (1) expla-
nations about the museum, security rules and objectives of the game; (2) the first part of
the game played by the students; (3) a debriefing session and explanation of the second
part of the game; (4) the second part of the game played by the students; and (5) the
final debriefing session. The whole scenario was orchestrated by the museum staff
according to the decision previously taken by the team.
Three categories of data were collected:

— Notes taken during the workshop dedicated to discussing the first experimentation
of the game. Different stakeholders participated in the workshop: researchers
(scholars in game-based learning and science education, and a PhD student) and
practitioners (2 museum educators, the museum director and a computer scientist).
The workshop took the form of a focus group, where the knowledge gained by the
different participants through the participation in the experimentation were gathered
and discussed. The discussion occurred at two levels that formed a praxeology [20]:
practice (What was done? What should be done in the future in order to increase the
visitor experience and learning?); and theory (How can we understand what was
observed? What did we learn from the experiment conducted in the Museum?).

— Field notes taken about students’ behaviours and specific events.

— Videotaping of the students with 3 digital cameras (2 fixed and 1 mobile).
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The videos were analysed with HyperRESEARCH, a software which enables
tagging of specific events. Specific attention was paid to students’ conduct during the
school visit. A preliminary analysis consisted of the identification of students’ conduct
during the visit for one selected class. Three variables were used to describe a students’
conduct. The first variable was the spatial distribution of students for a given team. Are
they grouped? Are they separated from each other and do they act individually? The
second and third variables were the terms that described an action performed in the
museum. Do they take a picture of an animal? Do they interact with peers? Do they
interact with the museum exhibition? The terms are a verb (“to take”, “to discuss with”)
and direct or indirect objects of the performed action (“a picture”, “with peers”).
Students’ conducts enabled researchers to define different situations with different
values regarding what we can learn from the museum visit.

4 Students’ Conduct and Lessons Learned

4.1 Students’ Behaviours and Interactions

The analysis of the video recorded for one class of students enabled researchers to
identify 13 different situations for the first part of the game and 18 for the second
part. The situations differred according to the spatial distribution of students and the
performed action. This preliminary result might not be exhaustive. However, it shows
the large diversity of situations permitted by the game in the museum.

Table 1. Different categories of interactions observed for the same class (one camera)

Part of the game Interaction with...
Peers only Museum Tablet Tablet
(picture) (questions)
P1 P2 P1 P2 P1 P2 P1 P2
Individual 0 0 1 2 0 0 0 0
Individual + museum 0 0 0 0 1 0 0 0
educator
Team 0 1 1 4 4 0 0 3
Team + museum 0 1 0 1 2 0 0 2
educator

Table 1 summarises the observations performed with the videos recorded for one
class and information is given in terms of students’ interactions. Interactions are cat-
egorised depending on the spatial organisation of students (individual, group, with or
without the museum educator) and depending on what they interact with (digital tablet
or museum exhibition). The numbers from Table 1 indicate how many times a situation
was enabled for a given type of interaction. These preliminary results are too limited to
be conclusive. However, they tend to show that interactions are different for the 2 parts
of the game. During part one, the majority of the situations observed and reported
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concern students who mainly interact with the digital tablet. For the second part of the
game, we observed a majority of situations where the students interact with the
museum exhibition. These results are coherent with the hypothesis of our project.
Different gameplays should enable different types of interactions and ludicisation
makes possible the influencing of attitude and/or behaviour by implementing motiva-
tional affordances [13]. Indeed, the results are also coherent with the game metaphor: a
shift from relationships based on the exploitation of natural resources for part 1 (the
students take as many photographs as possible without really paying attention to the
museum exhibition), to a novel way of interacting with nature based on the under-
standing of the museum exhibition for part 2 (the students try to get information for
being able to answer questions and to get points).

Data analysis was continued and these results tended to be confirmed by a more
systematic and larger analysis and data collected by all cameras. During phase 1, a
group of students (Gr. 1) was mainly involved in taking pictures or other interactions
with the tablet (n = 17) and direct interactions with the exhibition were limited (n = 2).

4.2 Lessons Learned from the Focus Group

The focus group that was held after the experiment was carried out in the museum
enabled the collection of data from the different participants to the project that were
useful to address game-based informal learning issues. These issues are:

— The roles of museum educators during the school visit. For game based learning,
debriefing has already been recognised as a crucial step regarding metacognition
[24]. This issue was already taken into account for the first iteration of the project
with two debriefing sessions that took place after the 2 parts of the game. However,
we learnt that the debriefing should be grounded in the data collected when the
students play. Depending on their behaviour in the museum, depending on the
success or errors that they make when they answer questions, a specific approach
should be followed by the museum educator. Thus, we plan to offer the museum
educator the opportunity to visualise data that might be useful. We also learnt that
the role of the museum educator was not limited to the debriefing session. The way
she introduced the game to the students was also crucial. We decided to call this
introductory part “constructing the metaphor”. It consisted of offering the students
the opportunity to understand the game narrative and to give a different meaning to
the school visit by identifying themselves as autonomous actors.

— The roles of teachers during the school visit. It has been underlined that the role of
the teachers should be clarified. Indeed, it was observed that, depending on the
class, the teachers were inactive and appeared not concerned by the school visit (the
responsibility was transferred to the museum educator) or, in contrast, were active
and participated in the tutoring of students and in the debriefing sessions. It was also
mentioned that active teachers faced difficulties for participating due to their lack of
knowledge about the game. Ludicisation needs to be orchestrated and, for the next
steps, we will explore two possibilities: (1) the teacher will act as a game-master and
will get specific responsibilities; and (2) the teacher will be a player with a specific
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role within the game. In order to address this issue, we also plan to involve vol-
untary teachers in the research team.

— The design of the game. The game-based museum school visit was to an extent
recognised to be a success in terms of students’ behaviours and students’ engage-
ment. However, a lot has still to be done in terms of learning content. The limited
number of questions that are not totally adapted to the students’ school level did not
enable the learning objectives to be fully addressed. In addition, it was mentioned
that the feedback was not totally clear and, for the students, it was difficult to link
the decisions that they took to the consequences in the game. The game design
was complex. It did not only consist of integrating learning content with game
mechanics. The design of a good metaphor of the learning content and the design of
motivational affordances is important for fostering desired behaviour and learning.

5 Conclusion

Implementing ludicisation for a museum school visit does not only consist of creating a
game. It is essential to address the complexity of the context by designing a scenario
where the game is important but also only one element among many other elements
that should be taken into account. In particular, the roles taken by the museum edu-
cators and the teachers are crucial. In addition, the learner should be taken into account
and his lusory attitude [25] fostered with motivational affordances. Ludicisation can be
seen as managing players’ behaviours and designing epistemic interactions.

This issue can be addressed by design-based research. The collaborative design
enables gathering of the needed expertise from different stakeholders. Experimentation
in naturalistic contexts and collecting data make it possible to learn from concrete field
experiments and to envisage a new iteration enabling improvement of the existing
scenario. Thus, the design of the innovative scenario and the digital artefact become a
means for carrying out education research.
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Abstract. Classcraft is a digital role-playing game dedicated to classroom
management. Teachers can create teams and assign an avatar to students, as well
as points and ‘powers’ as rewards for desired behaviour. We conducted a study
in 4 classrooms from Switzerland. The study aimed at assessing to what extent
the game fosters the social component of students’ engagement. The detection of
socially-engaged behaviours is based on the monitoring of players’ behaviours.
We collected and analysed players’ digital traces with kTBS4LA, a platform
dedicated to playing analytics. The data collected shows that social engagement
varies across time or gender. This variation seems to be linked to specific
features of the game and also depends on how the game is played.

Keywords: Playing analytics + Gamification * Classroom management *
Social engagement - Classcraft

1 Introduction

1.1 Managing the Classroom with a Role-Playing Game

Classcraft is a digital role-playing game dedicated to classroom management [1]. The
objective of Classcraft is to transform the classroom into a role-playing game for the
duration of the school year. Teachers can create teams and assign avatars to students.
They also assign points and ‘powers’ as rewards depending on students’ behaviour,
defined by specific game rules. In order to acquire powers, a player must demonstrate
behaviour expected by the school, such as doing homework or being on time for class.
The students play as warriors, mages or healers and, depending on their avatar, they can
acquire and use specific powers that have impact on real life. For example, a student
being late to class may be saved from punishment if one of his teammates uses the power
called “Protect_1’. The teacher is the game-master. He deducts points or rewards
depending if students’ behaviours fit (or not) the classroom rules. Collaborative beha-
viours are expected from students, and players own individual or collaborative powers.
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1.2 Classcraft as Ludicisation of Classroom Management

Classcraft aims to convert an ordinary class into a playful situation. Each player,
depending on his avatar, plays a specific role and owns specific powers. Players are
rewarded or punished by the game master. Each week, a random event provokes
positive or negative consequences, such as acquiring or losing powers. This use of
game features, in order to convert non-game context into a game, is called gamification
[2]. However, Classcraft is not limited to the use of game features in a mechanical way.
Classcraft is based on a metaphor that changes the meaning of the action performed by
the students. The actions themselves are not altered. The students attend class on time,
do their homework or collaborate for learning activities. However, the meanings and
the motives of these actions are changed when Classcraft is played. The classroom
becomes a battle, where players have to overcome difficulties and to develop specific
skills. Sanchez et al. called ludicisation [1] the conversion of a non-game context into a
playful situation aiming at fostering gameful experiences and students’ engagement.

2 Objectives of the Study: Assessing Students’ Social
Engagement

There is an ambiguity about the concept of players’ engagement. Different definitions
have been provided [3] and, due to the ambiguity of the related concepts and their
context-dependent definitions, assessing players’ engagement might be difficult. Our
approach is based on Self-Determination Theory (SDT) [4], which states that moti-
vation results from innate psychological needs. Based on SDT, Bouvier et al. [3]
consider that players’ engagement encompasses four components: the environmental
component in relation to autonomy needs; the self-component that relates to autonomy
needs; the action component linked with competence and with autonomy needs. The
social component is in relation to relatedness.

By playing Classcraft, students are expected to help other students and to collab-
orate with teammates. Thus, Classcraft aims to foster players’ social engagement. As a
result, the objective of our study aims at assessing the social component of the players’
engagement. For this study, we examine the evolution of the student’s social
engagement during a school year. We also examine gender differences.

3 Methodology of the Study

3.1 Monitoring the Player: Playing Analytics

In order to assess a player’s social engagement, we developed a specific methodology
based on playing analytics [5]. We detect engaged-behaviours by monitoring players.
Players’ digital traces are players’ actions performed during a digitally-mediated
activity. Obsel (observed elements) are automatically collected. Obsels [6] are ele-
mentary players’ actions (like buying or using powers). Each obsel is characterised by a
type of event, a timestamp (beginning and end of the event) and information that is
useful to derive meaning (attributes and relations with other obsels). Some obsels, like
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using collaborative versus individual powers, are inherent to players’ social engage-
ment. Indeed, we consider that the use of collaborative powers (powers that have a
positive impact on a teammate) brings information on the participation of the player to
a collaborative play, where the outcomes of the game depend on the capacity of players
to take their teammates into consideration. Thus, we consider that the use of collab-
orative powers demonstrates that a player is socially engaged with his/her teammates.

3.2 Data Collection and Data Processing

The data collected come from 11 classes in Switzerland. For each class, the data consist
of 8 JavaScript Object Notation (JSON) files. The main file (logbook.JSON) is a list of
obsels collected during a session dedicated to play. The logbook.JSON file is com-
pleted with information coming from the other files: gender of the players; different
teams involved; and game-levels reached by a given player. These operations are
carried out with the data collected from the different classes. However, four sets of data
have been selected for this exploratory study. The data analysis is performed with a
specific digital platform called kernel Trace Based System for Learning Analytics
(kTBS4LA) [7]. The data collected are uploaded, and different functionalities dedicated
to data processing are available. Some of them were developed for the needs of this
study. First, a kTBS4LA export model is created. This model gives a precise
description of the digital traces uploaded on the platform. The platform allows for
selecting specific obsels from the data collected. The obsels that are considered to be
relevant for the study are extracted from the whole dataset. KTBS4LA enables the
visualisation of these obsels along a timeline and different colours and shapes can be
used for making apparent specific features. In order to obtain consistent results, the
same protocol is applied to each dataset. We designed and recorded several scenarios
for the visualisation of obsels such as the use of collaborative powers or individual
powers according to gender and teams.

4 Results and Discussion

The 4 classes selected for this preliminary study have an average of 16 students, 7 girls
and 9 boys, and 3 teams per class. We collected data for 4 to 7 months, depending on
the different classes. Table 1 shows that ‘the activity’ of the different classes (measured
by the number of obsels collected and powers used by students) varies a lot. Class 4 is a
specific case. The data collected show that the teacher gave all the powers to everyone,
right from the beginning of the game.

Table 1. Information about the different classes of the study

Traces Class 1 Class 2 Class 3 Class 4
Obsels 640 obsels | 568 obsels | 2352 obsels | 7923 obsels
Use of powers | 44 powers | 52 powers | 184 powers | 467 powers
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4.1 Variation of Players’ Social Engagement During the School Year

Figure 1 represents collaborative (green) versus individual (red) powers used by the
students during the school year (time line). For classes 1, 2 and 4, collaborative powers
are increasingly used during the school year. However, it is not the case for class 3. For
this class, there is a balance between individual and collaborative powers used by the
students. As a result, for 3 classes, students’ social engagement increases during the
school year. The students are increasingly involved in collaborative play. The game
seems to have the expected influence on students: fostering collaborative behaviours.
However, the differences observed with class 3 show that the influence of the game is
complex, and might depend on different factors. Students’ social engagement also
probably depends on how the game is played by the students and orchestrated by the
teacher.

Class 1
Collaborative powers
(30/44) — 68.2%
Individual powers
(14/44) 31.8%

Class 2
Collaborative powers
(49/52) - 94.2%
Individual powers
(3/52) 5.8%

Class 3
Collaborative powers
(99/184) — 53.8%
Individual powers
(85/184) 46.2%

Class 4

Collaborative powers (354/467)
-758%

Individual powers

(113/467) 24.2%

Fig. 1. Powers used by the students from the different classes during the school year (Color
figure online)

Playing analytics do not provide information regarding this issue, so further
classroom observations or/and teachers’ and students’ interviews are needed.

4.2 Variation of Social Engagement Depending on Students’ Gender

The data collected from the 4 classes selected for the preliminary study also show
differences between how girls and boys play. While boys use more collaborative than
individual powers, they still use a lot of individual powers in comparison to girls. Girls
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are less active but more efficient, and use few individual powers (see Table 2). Social
engagement varies according to the students’ gender. Girls are more involved in col-
laboration than boys.

Table 2. Uses by gender: collaborative powers versus individual powers

Male Female
Collaborative | (304/493) - 61.7% | (228/254) - 89.8%
Individual (189/493) - 38.3% | (26/254) - 10.2%

5 Conclusion

Based on the data collected from this preliminary study, there are arguments to state
that the ludicisation of classroom management with Classcraft helps students to
develop positive classroom behaviour. The game influences how students collaborate
with their teammates and, therefore, fosters students’ social engagement. Changing the
meaning of the situation experienced by the students helps them to take into account
their teammates. Students’ social engagement varies along the school year and
according to gender. However, the differences observed for different classes also show
that the way the game is orchestrated by the teacher influences how the game is played
by the students. Playing analytics do not offer any information regarding this issue and
further investigations are needed. Thus, we plan to continue to address this issue with a
mixed methodology. The project will consist of collaborative work with voluntary
teachers for the implementation of the game in different classes. The combination of
learning analytics and classroom observations should enable the characterisation of
students’ social engagement and the identification of the game elements that foster
students’ collaboration. Therefore, we expect to gain a better understanding of how
ludicisation might be applied for classroom management.
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Abstract. As technology changes, learning games are adapted to target audi-
ence and available devices. Analytics methods must keep up with keeping the
learner in focus. This work presents the Multi-Touch Learning Game (MTLG)
framework, designed to implement cross platform educational games with
support for cooperative, collaborative and competitive settings. It shows adap-
tion of a user-centred learning analytics data model, the learning data context
model, to fit circumstantial requirements of multi-user settings on a shared
device in games implemented using the MTLG framework. A first field study
has been conducted, and the results, challenges and lessons learned are
discussed.

Keywords: Game-based learning - Learning analytics + Multi-touch
Educational games - Learning context

1 A New Style of Learning

Learning nowadays requires educators around the globe to understand current devel-
opments of everyday habits of their students to provide methods of knowledge transfer
via alternative channels, for example, game-based learning. To avoid unnecessary
overheads in development processes, the method of choice for producers is often web-
based. Hypertext markup language (HTML) and JavaScript based content can be
viewed on a range of devices and can even be compiled without much effort in native
applications (apps) for nearly all the common target platforms. Though this is carried
out on an everyday basis, most learning analytics standards do not reflect those dif-
ferent settings. This paper aims to fill the gap between context awareness in learning
analytics and their application in game-based learning. This challenge is approached by
extending the Learning Context Data Model to fit modern collaborative contexts of
“playing together” and specifics regarding educational games, to offer a broad range of
analytic possibilities in game-based learning.

The paper has three parts. First, we explain the Multi-Touch Learning Framework
to integrate learning analytics in web-based educational games and applications. Sec-
ond, we introduce the Learning Context Data Model as an alternative to the Experience
Application Program Interface (API), as it focuses on the learner and not only on the
learning event. Third, we present our first field study as a proof of concept.
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2 Multi-Touch Learning Games

Educational games play an important role in modern education. It is widely accepted
that engaging games enhance learning in a wide variety of ways [1]. As progress leads
to a wide spread in platforms, developers are often either forced to stick with their area
of expertise, thus limiting the reachable audience, gather an expensive team, or risk the
time-consuming effort of getting accustomed to new areas. An alternative is to follow
the more modern path of a cross-platform approach.

Most of those used on an everyday basis by the target audience of educational
games, mainly children and teenagers, are not desktops or notebooks but tablets and
smartphones are dominating this area [2]. Touch interaction has outrun keyboard and
mouse and a big share of newly-introduced notebooks feature touch functionality.
Thus, educational games make use of the possibilities of gestures and ten finger input
that students have grown accustomed to. Furthermore, technology has advanced and
produced touchscreens in growing sizes and capabilities. This opens up opportunities
far beyond single learners behind their own devices and enables content creators to
provide true collaborative learning environments where all users have per definition
equal rights and chances of participation.

The Multi-Touch Learning Game framework (MTLG) developed by the Learning
Technologies Research Group at RWTH Aachen University aims to assist university
students, teachers and other developers to create suitable user experience on devices
and for their demanding clientele, while maintaining core features of educational games
[3]. In this paper, we focus on discussing the analytics component, as it represents the
foundation of understanding behavioural patterns in multiuser multi-touch learning
environments, and describe the challenges those collaborative settings bring.

3 Intention of the Learning Context Data Model

Learning analytics is a current trend, but is not a new and revolutionary topic. Since
Learning Management Systems (LMSs) have been around, educators have striven to
understand their learners and improve their systems to optimise user experience and, in
the long run, maximise learning efficiency.

After early approaches to standardise a data format for interchange and storage of
learning records like Tin Can API, the successor, Experience API (xAPI) has become a
de-facto standard for learning record stores and is implemented in all major LMSs.

xAPI represented a huge improvement compared to Tin Can regarding support of
game-based learning, platform transitions and learning in teams, but still is mostly
fitting for traditional e-learning scenarios. xAPI is a specification with the set main goal
of interoperability in mind and providing a widely generic “one size fits all” solution
which proves applicable in most settings.

Using xAPI to store the whole context of a user’s learning environment stretches the
bounds of this ambiguity beyond the point of good conscience, especially when inter-
operability is not the priority in the intended project. Thus, during the Prime Project,
Thiis et al. [4] developed the Learning Context Data Model (LCDM), which is a learning
record data definition aiming to provide a structural way to collect information not only
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on the learning process itself but also on the context of the learner [5, 6]. Furthermore,
this model is not only platform agnostic, it provides a structured pattern for storing the
platform, source, session, action and general learning setting (work, academic, private);
it introduced a hierarchical category system, with entities to model user interests [7] and
generic entities.

The LCDM was implemented for usage in professional settings, but with the
intention to allow self-reflection on daily tasks and learning activities [8]. Thus, it is not
an event-centric or application-centric data model, but focuses on the learner. This user-
centric idea emphasises applicability of this data model in multi-user settings as context
might play an important role in analysis of gathered data. For use in MTLG games, the
LCDM has been ported by a Representational State Transfer (REST)-Interface using a
simple token-based authentication system. During implementation, an adaptive REST
endpoint was created to facilitate exports of all events in XAPI format to keep future
opportunities for using analytics toolkits, relying on the said standard.

4 First Field Studies and Challenges

As proof of concept and a first research prototype, a four-user learning game for the
introduction of regular expressions (a central topic in theoretical computer science and
foundation for formal languages), has been implemented as the first game using the
data collector and the LCDM back end.

The basic idea shown in Fig. 1 is that each player has her/his own drop area,
associated with a regular expression. In the common area of the screen, word cards
appear, either matching (one of) those regular expressions or not. Players have to touch
matching cards and drop them in their drop area. Correctly assigned cards are awarded
two points, while mismatched cards reduce the score by one. Depending on the setting,
there are either individual scores or a team score, individual expressions or the same for
all players, and the play modes consist of two versus two and cooperative playing.

One goal of the study was to explore the practicability of the data model in real
usage scenarios and investigate reliability of the produced data set. Information gath-
ered for each touch interaction consisted of the result (success or not), drop area,
regular expression on the drop area, timestamps and duration as well as session
identifier (id).

Random sample checks comparing event data with the video recording of those
sessions suggests that the data set is complete, and no interaction events have been lost.
Nevertheless, there is a good amount of unassigned word card interactions since the
first approach was guessing player id from the drop area, and cards moved in the
common area could not be resolved that way, thus being assigned to the unknown
player “John Doe” for later assignment in post-processing.

Another problem surfaced during observation, and shown by analysis of the visual
recordings. Both in cooperative and competitive settings (less in the former, often in the
latter), cards have been dropped in areas of different players, in the first case usually
during the process of mutual explanation, and in the second, in taking advantage of the
score malus for wrong cards for the opposite team for dropping those cards across the
table. While this could be seen from a mostly negative perspective, some researchers
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Fig. 1. PoC prototype (Source: Own work - http://tabula-content.informatik.rwth-aachen.de/
games/dem1-RegEx/)

[9] indicate that such a change in behavioural pattern can be interpreted as emotional
involvement and thereby immersion in the playing experience. Still, this renders the
collected data effectively useless in an unprocessed state in the attempt of user-centric
analysis and demands of approaches either in post-processing or future data collection.

While this first field study merely aimed, from the technological perspective, at
showing the capabilities of the data collector and back end, it left us with valuable
insights and optimism regarding the planned approaches on the expected challenges.

Regarding further field studies in laboratory conditions, post-processing in regard
to user assignment will be rendered obsolete. The TABULA Project enrichens learning
experiences with so-called tangibles [10], objects that can be detected by any capacitive
touchscreen device and adds a haptic aspect to the process.

While the users in our first case study have already been using the first version of
passive tangibles for comparable user experiences, those tangibles are not distin-
guishable from each other. In the next, those tangibles will become active. By adding a
microcontroller board with Bluetooth capabilities, the tool in the hands of each student
will provide options like a direct and discreet feedback channel to each user, uniquely
identifiable and linked (in the context of this prototype) to a specific user for the whole
game session, which will empower us to assign “cross reaching” events as well as
“unassigned” events to a specific user.

5 Conclusion and Outlook

The first field study shows that the LCDM fulfils the needs of multi-user multi-touch
learning games. There are adjustments to make to fit specific use cases, but mostly at a
semantic level, like extending the range of values for a platform (by a MTTABLE
value), or minor categories (by touch interaction events). Introducing a fourth category
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type GAME is in discussion. Software tools are currently being implemented enabling
analysts to synchronise a recorded video with an LCDM event stream for easy, time-
efficient post-processing for general study use without availability of tangibles.

The next iterations will collect an advanced set of interaction data including the
start and end coordinates of each touch interaction, opening up the possibility to answer
straightforward questions like “Does this user collect from the whole common area or
just from within arm’s reach” to sophisticated ones like “Does a user become more
hesitant over [time/failed attempts/difficulty]?” by looking at pixel distance to duration
ratios. Further research will be done, aiming to implement automated, personalised
feedback, continuing and transferring the groundwork laid in a previous study [11].
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Abstract. This is a case study of a specific learning environment in the
Intensive English Language Program, characterised by technical, spatial, tem-
poral, and motivational restrictions that impede students’ progress. Activity
Theory was used to describe the situation, and to design an intervention in the
form of a new activity system. A dubbing project was designed and imple-
mented in the Listening and Speaking Course. It utilised students’ mobile
devices in an anywhere, anytime type of learning, and their native language and
cultural background as a starting point to engage them in a collaborative effort
that led to the production of eight dubbed videos. The resulting videos were
entered in an internally-organised video competition which added a further
motivational element to the project. To evaluate the project’s effect on students’
perceptions and motivation, data were collected using 5 focus group interviews.
Results show high levels of motivation, increased learning, increased confidence
and sense of achievement and pride in the resulting work.

Keywords: Audiovisual translation - Dubbing - Activity theory -
Language learning

1 Introduction and Context

The dubbing project is a mobile learning project that was carefully designed to fit a
specific learning context characterised by a number of restrictions. This paper reports a
case study that took place over one academic semester where the learning context was
first analysed using Activity Systems Analysis and tensions were identified as tem-
poral, motivational, spatial, and technical. An intervention in the form of a new activity
system was designed and implemented by the researcher.

This study was conducted in the Intensive English Language Program (IEP) in a
semi-private university in the United Arab Emirates where students are required to
demonstrate their English language proficiency by sitting a standardised English lan-
guage proficiency test IELTS). Students who do not obtain the required score enrol in
the IEP to improve their language proficiency. The programme is in 4 levels, starting
from level 1 for false beginners, i.e. students who studied English language before but
have little command of the language, up to level 4 for intermediate students. Each level
is taught over a period of one academic semester. Students are placed in each level,
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based on the results of a placement test. Those who miss the placement test prior to
programme entry are placed in level 1 regardless of their actual level. All students are
allowed to drop out of the IEP as soon as they achieve the required score; therefore,
students make multiple attempts to take the standardised test during the semester.

The dubbing project was implemented in two sections at level 1, taught by the
researcher. One section had 18 female students and the other had 16 female students.
Eight short videos were dubbed to English and were entered in an internally-organised
competition to choose the winning video. The winners were chosen by a panel of
judges who were four IEP instructors.

This study asked the following questions:

1. How did the video dubbing project remediate English language learning for false
beginners and mixed ability classes?
2. What was the impact of this remediation on students’ perceptions and motivation?

These questions are significant in that they test dubbing projects in a context
different to contexts documented in previous studies (see Sect. 2.2).

2 Literature Review

This section provides a short review of Activity Theory (AT), which is used to
problematise the context, followed by a review of relevant literature on practices and
concepts that form the theoretical framework for this study. Dubbing as a language
learning activity is reviewed, followed by mobile learning. Both of these constitute the
basis for the proposed activity system that was designed to overcome the above-
mentioned constraints.

2.1 Activity Theory

AT provides a suitable lens for conceptualising learning environments [1-3]. It offers
the language for description and addresses the situation using a manageable unit of
analysis: the activity [4, 5]. It is a cultural historical theory where context is integral to
the activity itself and is seen to influence the mind and action of people [6]. An activity
is an action directed towards an object and is motivated by the need to change the
object into an outcome [1], which means reaching this object is purposeful and leads to
achieving an outcome.

AT studies the activity in its natural context, taking into consideration all variables
within the environment of the activity. These variables are the subject or actor, the
object or objective which the subject needs and is motivated to achieve, and the tools
and artefacts that mediate the activity. All these are governed by rules, and exist within
a community where there is a division of labour among community members to ensure
the achievement of the objective. These elements are depicted in a triangular form (in
Fig. 1).

Including the community in the system of interaction came as a later development
by Engestrom [7], who extended Vygotsky’s and Leontiev’s understanding of the
social mediation of activity to include social mediators within a community. Engestrom
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Fig. 1. The structure of a human activity system [7]

explains that the ool mediates the relationship between the subject and the object, the
rules mediate the relationship between the subject and the community and the division
of labour mediates the relationship between the object and the community.

The variables are seen to interact either in an enabling manner, or in a manner
that causes tensions and contradictions, also referred to as obstacles [4]. There are
four levels of tensions within AT: primary, secondary, tertiary, and quaternary [7] (see
Sect. 3). By identifying these relationships and the tensions, improved activity systems
can be designed to enhance the activity by overcoming them.

According to Engestrom, Bateson’s Learning 3 is relevant here. He refers to it as
expansive learning and defines it as learning by constructing a new activity and
expanding the context. He explains:

‘Learning by expanding or learning 3 is very much going beyond the information given to
construct a new set of criteria, a broader picture, a broader object for your activity which
liberates you from the constraints of the particular setting in which you are functioning and
enables you to create new settings.’” [8] (minute 8.18 of interview)

This came after Engestrom’s revision of AT when he suggested the possibility of
expansive transformations, stating that ‘an expansive transformation is accomplished
when the object and motive of the activity are re-conceptualised to embrace a radically
wider horizon of possibilities than in the previous mode of activity’ [9, p. 137].

2.2 Dubbing and Audio-Visual Translation

There are three main types of audio-visual translation: dubbing (or lip-sync); subtitling;
and voice-over [10]. All three types involve a recount of both image and sound of the
original video, either in the form of written text at the bottom of the screen, as in
subtitling, or in the form of audio voice-over.

The empirical studies that are available show that all three types have been
experimented with in the field of language learning. Danan explains how dubbing from
L1 (native language) to L2 (target language) has many benefits which he attributes to
the combined use of translation and technology. He asserts that the return of the
pedagogical role of translation along with the ubiquity and growing versatility of
technological tools have opened up an array of possibilities for language learning, one
of which is dubbing activities [11]. His approach of implementing the L1 to L2 dub-
bing activity is interesting, and his findings are promising; therefore, they influenced
the design of the new activity system in this study.
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Other studies suggest different dubbing activities ranging from intralingual (L2 -
L2) to interlingual (L1 - L2/L2 - L1). First, there is the repeat/verbatim activity (in-
tralingual) where learners simply repeat the original speech of the characters [12-17].
Such studies report improvement in learners’ pronunciation, intonation, speed and
fluency. Another type involves free translation, i.e. to paraphrase for gist [11, 12], or
translation but with concision since literal, faithful translation may not be possible due
to register difference or time constraints or learners’ slower speeds of speaking [11].
This point proved to be particularly significant in this study because it highlighted areas
of difference between L1 and L2 in terms of register, and encouraged students to
attempt more fluent speech. Reported benefits of these studies are similar to those of the
intralingual activities with additional benefits ranging from the improved overall lan-
guage skills, grammar, awareness of register, language variation, intercultural aware-
ness, paralinguistic elements (such as expression of emotions through voice and facial
expression). Other important behavioural benefits were reported such as motivation,
autonomy, collaboration, enjoyment, ownership and pride of finished product. In
general, all mentioned studies report high levels of student enjoyment of the projects
and a desire to do similar projects in the future.

Researchers have reported that within the available body of literature, little has been
done on the use of audio-visual translation in relation to productive skills and auton-
omous learning [11]. There is also a call for empirical evaluation of the effect of
dubbing in the foreign language learning context [16]. Avila and Talavan report on
dubbing projects used with advanced learners and speculate about the suitability of
these projects with beginners [17]. None of the available studies have linked dubbing
projects with mixed-ability classes or with class management, nor has it been imple-
mented with beginners/false beginners. This study is an attempt to fill these gaps by
providing an empirical study to evaluate the use of dubbing projects for language
learning with false beginners and mixed-ability classes.

2.3 Mobile Learning and Bring Your Own Device (BYOD) Policy

The UNESCO report on ‘Mobile Learning and Policies’ identifies a popular definition
of mobile learning to be ‘education that involves the use of mobile devices to enable
learning anytime and anywhere’ [18]. This anytime and anywhere feature relates to the
physical and temporal spaces making mobile learning possible for people who face
restrictions in terms of time and space as in the context of this study. Palalas identifies
five essential spaces - temporal, physical, transactional, technological, and pedagogical
- explaining that it is the blending of these spaces that:

‘can produce a combination of resources (information and actors), contexts, processes and
supports that promote learning. [...] Hence, with facilitation and guidance of experts, mobile
tools can effectively mediate the interplay of these elements toward successful learning out-
comes’ [19, p. 87].

This is an important part of the theoretical framework that underlies this study.
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3 The Problem Statement - Constraints

Level 1 of the IEP programme is best explained using AT. By examining how variables
relate to each other, contradictions were identified. The information below stems from
the researcher’s insider knowledge of the programme as a faculty member and as the
instructor of level 1 classes. These contradictions are categorised into three types of
restrictions or systemic tensions (see Fig. 2) and are explained below.

Tools
text books, worksheets,
pens, papers, etc.

Subject  *, Object Outcome
" Level 1 students » ® H = | Improve English Achieve required
.. 0 \ ‘ Janguage IELTS score
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language skills . Students improve language proficiency
« mixed ability class due to entry . Instructors + students collaborate and learn
regulations
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Primary C icti y Ci icti Tertiary Contradictions

Fig. 2. Systemic tensions in level 1 activity system

3.1 Primary Tensions: Motivational and Temporal Restrictions

Engestrom explains primary contradictions to be relevant to the values ‘within each
corner of the triangle of the activity [7, p. 102]. In this case, the contradiction is within
the students’ value system. Although they value the outcome of the activity, they do
not value the time they need to spend to achieve that outcome. Therefore, students tend
to not comply with the timeframe of the original activity system by engaging in several
attempts of the standardised test. When they do not achieve the required score, they
experience feelings of frustration. This has a noticeable negative effect on students’
motivation and engagement, which threatens the activity system since the subject needs
to be motivated to reach the object (a motivational constraint).

3.2 Secondary Tensions: Institutional Constraints

“The secondary contradictions are those appearing between the corners’ [7, p. 102], i.e.
‘between the constituents of the central activity’ [20]. The rules within the IEP stipulate
that the curriculum is designed for a community of false beginners when in fact the
same rules allow students to enter level 1 without a placement test which causes the
community of the level to be more mixed ability, hence, causing a contradiction
between rules and community. This also affects the division of labour, which mediates
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the relationship between community and objective. Because some students are of a
higher level, they tend to dominate group work activities or simply disrupt them. In
other words, the rules cause inconsistency in the community and cause tension in the
division of labour, which reduces its ability to mediate the relationship between
community and object.

3.3 Tertiary Tensions: Technology Related Restrictions and Spatial
Restrictions

Engestrom clarifies that the tertiary contradiction appears when teachers who represent
culture introduce a new, more advanced activity system with a new objective and
motive [7]. The new activity system, the dubbing project, designed by the
researcher/instructor had a new object (dubbing a video), a new motive (the dubbing
competition), and new tools (a short video, dubbing software, etc.), i.e. technology.
This new activity system faced tensions caused by the rules of the previous activity
system. All classes of level 1 were located relatively far from the computer laboratory
which made it difficult to arrange for computer laboratory classes where students can
have access to required software tools, causing spatial and technological restrictions.

4 Theoretical Framework

The theoretical framework for the intervention is based on AT, dubbing as a language
learning activity, mobile learning and BYOD. AT was used to identify tensions in the
learning environment. An intervention was designed to overcome these tensions. The
new activity system is the activity of translating and dubbing an Arabic video clip into
English using personal mobile devices as mediators and an internally-organised
competition as motivator. As indicated earlier, dubbing activities have been used
previously for language learners and studies report positive results. In addition, mobile
learning studies show that mobile learning is capable of blending spaces to overcome
the temporal, spatial, technological and motivational restrictions of the old activity
system and BYOD helps overcome lack of classroom technology.

The change in object, motive, tools, rules and division of labour can lead to
collective transformation. Engestrdm explains that:

‘expansive learning theory is concerned with collective transformation, rather than individual
learning. Although changes in the collective are initiated by individuals within the community,
the transformation itself is a change in the collective system. The object of expansive learning
activity is the entire activity system in which the learners are engaged. Expansive learning
activity produces culturally new patterns of activity. Expansive learning at work produces new
forms of work activity.” [9]
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5 The New Activity System

In the ‘Listening and Speaking’ class, a multi-stage project was designed. The main
outcome for it, other than language learning, being to re-enforce students’ self-
confidence to communicate in English, an act they had been resisting. The rules of this
new activity system were the set of instructions given to the students. The division of
labour enabled the more advanced students to do the more advanced linguistic tasks
(translation) and helped weaker students with new vocabulary and pronunciation.

Initially, students were instructed to choose any short Arabic video they particularly
liked. This stage was designed to engage students through something they were
familiar with and enjoyed, while at the same time alleviating the pressure of the foreign
language by starting from L1. Students used their own mobile devices to view, save,
and share these videos with group members. Then, they collaborated to translate the
script into English and handed it in for evaluation. Translations needed to be reworked
more than once until it finally reached an acceptable state. The next stage was the
division of roles, and practicing performing the parts.

In the recording stage, the instructor/researcher functioned as a tool along with
iMovie App and a personal mobile telephone. This was to monitor students and ensure
that pronunciation, intonation, fluency, etc. were all correct. Each recording session
turned into a personalised lesson on pronunciation, intonation, grammar and register.
This was a valuable stage of the project because it ensured paying attention to each
student individually by giving personalised guidance along with mini-lessons on lan-
guage register and paralinguistic elements.

The result was 8 dubbed videos that were entered in an internally-organised
competition for the two sections. All IEP students and staff were invited to the audi-
torium where the dubbed videos were shown on the big screen. This competition
heightened students’ motivation, increased their self-confidence and gave them a sense
of achievement.

6 Methodology

This study adopted a constructivist research paradigm since AT is a constructivist-
based learning theory. Constructivism aligns with AT because ‘Both Cultural Historical
Activity Theory (CHAT) and Dewey’s idea-based social constructivism bridge the gap
between the dualism of mind and world’ [21, p. 38]. Moreover, it provides an
understanding of ‘the world of human experience’ [22, p. 36] through the ‘participants’
views of the situation being studied’ [23, p. 8]. Contrary to post-positivists, the study
does not start with a theory, but inductively develops patterns of meaning [23].

The methodology followed was a case study approach to provide a holistic
description [24] and explore students’ perceptions of the dubbing activity as an
alternative to the prevailing activity system. It was a study of a ‘bound system’ through
detailed data collection using multiple sources within a rich context [25].

Case studies benefit from a variety of data collection methods to arrive at a more
detailed description of the case [26]. Data were collected through focus group inter-
views, a questionnaire to collect demographic data and my personal observations as an
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insider researcher (who is part of the educational institute, the instructor of the par-
ticipants and the designer of the new activity system). This required some measures to
reduce researcher bias and influence, mainly by delaying data collection until the
participants completed the course and moved on.

7 Participants and Procedure

The dubbing project was assigned to two sections of level 1 in the ‘Listening and
Speaking’ class. There was a total of 34 female students aged 18 to 21 years, mostly
fresh graduates of Arabic public secondary schools. Around half of the students were
placed in level 1 because they missed the placement test.

Data were collected through 5 Focus Group (FG) interviews where students were
required to reflect on their experience of the dubbing project, describe, and evaluate it.
Twenty students responded to the FG invitation and 5 groups were formed in two
different ways. Two groups constituted students who worked together on the same
video and three groups contained students who worked on different videos. Although
Cohen et al., among others, advise that FGs should be rather heterogeneous so that
discussion can be enriched [24], Cousin tends to disagree, stressing that group mem-
bers should have something in common to gain a certain sense of cohesion [26].

Each group interview went through three stages and lasted around one hour. Ini-
tially, the dubbed video(s) of the group members were played to remind students and
stimulate detailed discussion. The second stage was answering a questionnaire to gather
some demographic data, including their IELTS examination results before and after the
project. This served as a good reminder of the project, particularly because the inter-
view took place three months after the end of the project. Finally, the interview stage
was introduced with an explanation of the purpose of the research.

8 Data Analysis

The group interviews were transcribed, translated and thematically analysed using open
coded analysis [27]. Apart from the unanimous expression of how much fun and
enjoyable the project was, six main themes emerged and are here discussed in order of
the emphasis given to them by students.

8.1 Group Work and Collaboration

This emerged as a strong theme. Students expressed in different ways how group work
enriched them and helped them learn. Two groups mentioned how they got together
after class to work and how tasks were divided and redistributed if one student faced
difficulty. A student remarked that she could not have understood much on her own
without the help of her group. The following comments show this meaning: “If one of
us did not understand something, other group members would explain it to her” and
“When in a group, everyone participates with ideas. When I did not notice something,
someone else in the group drew my attention to it.”
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Group 4 mentioned that they did not need the dictionary much because they had a
classmate who knew English well enough and asked her for meanings. One student,
however, expressed how she did not like to work with a group and that she would have
rather worked on her own or used the help of people from outside. This was a point of
disagreement in one of the mixed focus groups and generated discussion among group
members. Eventually, the student who disagreed acknowledged the need for others in
this kind of project, but expressed her preference to work with outsiders for a more
enriching experience. These findings show how the community of the new activity
system became more harmonious, and division of labour was more effective in
reaching the outcome.

8.2 The Competition as a Motivating Factor

This was a prominent theme that emerged strongly without prompting. It was men-
tioned when asking for general impressions. Words such as ‘enthusiastic’, ‘motivated’,
‘encouraged’, ‘competitive’, and ‘want to win’ were quite recurrent. One student said
that for her, it was only after announcing the competition that the interest started. “This
is when the interest and drive for hard work kicked-in. This is when ideas started to
come” she said. Another expressed that the competition made them more serious about
the work, especially after knowing that the dubbed videos would be shown to an
audience and a panel of judges. “We started to work hard when we knew that other
instructors will be on the panel of judges to choose the winner.” Two groups remarked
that when you work hard on something, you want people to see it. Others said that they
finally dared to speak in English after being very reluctant to do so. They said that now
they do not mind speaking in English and feel more confident and motivated.
They also indicated that they felt honoured to be called on stage and presented with
achievement certificates and awards. One student said that she immediately shared her
certificate with her family. It is quite clear here that the new activity system was
effective in changing students’ perceptions and motivating them, which answers the
second research question.

8.3 Achievement, Pride, and Sense of Ownership

A general sense of pride and achievement was prevalent. Students repeatedly asserted
that doing this project was a big achievement for them since it was their first semester
in the university, especially for being able to speak as fluently as they did in the videos.
Having it on video was a proof of their improvement. Most students said that they
shared the videos with family and friends, except one student who said she did not
share it because she felt that she could have done better. This was the same student who
did not prefer group work, giving the impression that she could have produced a better
video on her own.

Many students expressed repeatedly that they never thought they could speak like
that. “I don’t know how, but I dared to speak! I don’t speak much, not even in Arabic!
Now I’'m more confident and I don’t mind speaking as I used to before” one student
commented. They also mentioned that they showed it to their other instructors: “they
were impressed, told us how well we did and encouraged us to keep it up.” One student
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mentioned a significant remark from one of their instructors. She said that this
instructor turned around while the video was playing and said to her: “So you do speak
English!” This remark from the instructor is an indicator of how resistant students were
to communicating in English, even in their English classes.

8.4 Difficulties

One common difficulty mentioned around 8 times was the fact that they had to speak in
English and how they struggled with accepting the idea. They said that seeing others
speaking and making mistakes made them feel that it was fine to make mistakes and
gave them some confidence. Other remarks varied about the difficulties they faced and
different students pointed to different aspects of the project. Students mentioned dif-
ficulties such as:

e dealing with Arabic words that do not have English equivalents: “Some words were
hard to translate and had no equivalent, so we had to describe them instead”;

e lip synching, speaking speed, editing and re-recording: “the duration of our pro-
nunciation was different from the character’s lip movement, so we had to re-record
and change some of the dialogue as we were recording”;

e acting and changing the voice according to the role: “Sometimes we had to practice
a lot just to get the right voice for the character. Acting with your voice is not easy”;

e pronunciation of new words.

One student said: “the more difficulties there are, the more you would want to
overcome them and it drives you to do more”. Finding a suitable, quiet place to do the
recording was noted as a challenge, but because the recording was done with a mobile
telephone, the location shifted according to availability.

8.5 Learning

Although this might be a difficult aspect to measure, students indicated that they
learned a number of new vocabulary words. As students were watching the video at the
beginning of the interview, they were prompted to jot down any word they learned in
this project. They produced lists of words that ranged from 4 to 11 words per video.
There was a correlation between the number of words and the length of dubbed video.
The longer the video was, the more words were learned. Moreover, in the interviews
they mentioned learning pronunciation and register: “Some Arabic expressions do not
fit in the same context in English”. This was linked to the difficulty of translating some
expressions. Repeating the recording for the sake of proper lip-synching was pointed
out as the main reason they improved their pronunciation and fluency. One group
specifically said: “this project was good to learn language, vocabulary, pronunciation,
how to say things [intonation]... When you translate, you also learn grammar.” This
relates to the first research question showing that the dubbing project remediated
learning for false beginners and mixed ability classes.
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8.6 Suggestions

When asked if they recommended this project for other classes and what suggestions
they had, they all recommended it. Most said that the project was good as it was, a few
suggested dubbing whole episodes or plays. One student suggested individual pro-
ductions but others in the group did not agree, saying that if they had to act or perform
on their own, they would not have done it.

9 Discussion and Conclusion

Students’ comments and reflections were overwhelmingly positive and indicated a high
level of engagement within the activity of dubbing. This is seen as a significant change
to the disengagement, disruption, and frustration that were prevailing in the old activity
system. As for motivation, a positive change in students’ attitudes towards learning was
noted. The activity catered for different levels of language learners. On the one hand, it
encouraged collaboration between students. On the other hand, by breaking away from
the set curriculum, each student found a task suitable to her level. Stronger students
helped weaker ones, while all of them were motivated to do everything they could to
win the competition.

Part of the demographic information students provided in the questionnaire
was their score in the speaking component in the IELTS examination before and after
level 1. Ten students indicated taking the IELTS both before and after level 1. The
speaking component score improved for seven of them. Although this cannot be
attributed to the dubbing project alone, it can still be suggestive of improvement. These
results answer the first research question and provide evidence that this new activity
system remediated language learning for false beginners in mixed-ability classes. It also
answers the second question by showing students’ increased motivation and confi-
dence. Although the dubbing activity proved to be successful and enjoyable, results of
the study need further verification in other contexts. For example, in the recording
stage, students could be guided to do their own recording, video editing and publishing
with less interference from the instructor.
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Abstract. By sharing experiences from the process of making Massive Open
Online Courses (MooCs) in second language at NTNU, this paper aims to raise
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1 Introduction

In 2005, Siemens argued the need for a new theory of learning in the digital age [1]. In
the past decade, access to worldwide information in the form of continuous streaming
from social media and fast developing new convergent technologies have radically
changed our way to connect and interact with the world around us and our approach to
learning. New emergent technologies offer different models and structures to support
learning, and disrupt the notion that learning should be controlled by educators and
educational institutions [2].

Following the enthusiasm for “The year of the MooC” (Massive Open Online
Courses) as highlighted in a well-known article in the New York Times in 2012 [3], we
have seen a fast-growing interest in MooCs connected to language learning. For
example, the MooC provider FutureLearn enrolled over 370,000 students on the
preparatory course to the English language proficiency test, IELTS. This is so far the
biggest MooC in the world [4].

While the general research literature on MooCs is fast-growing, the emergent body
of specific research literature on MooCs for language learning is still very limited [5, 6].
MooCs is a ‘hot topic’ in the context of online teaching and learning research and
practice, with numerous ardent supporters as well as fervent opponents.

Among the arguments set forth by the opponents, high dropout rates have, for
instance, been interpreted as an indication that barriers to persistent learning in MooC
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environments are present and are a steep wall to climb and conquer for course
developers, independent of the subject field [5]. The wider lay-audience of the general
public has also argued that this situation could well manifest a symptom of an exag-
gerated hype around MooCs and an overrated and overestimated focus on supposed
teaching and learning innovations [7, 8].

This paper is framed within the field of second language didactics and is a result of
my work on two Language MooC projects at the Norwegian University of Science and
Technology (NTNU). The first project (2016) was a collaboration with the Ministry of
Foreign Affairs to produce a self-instructed introductory Norwegian language MooC on
Open EdX for the foreign embassy employees around the world. The second project
(2017-18) was a wider and updated version of the Norwegian MooC, which has now
been launched internationally on FutureLearn.

In this paper, I wish to readdress the topic of innovation in language teaching and
learning that supporters of MooCs and providers of MooC platforms predicate.
Working with both Open EdX and FutureLearn, I experienced that the provided
technology can limit the possibilities for a developer to construct a MooC for language
learning, defining and somehow constricting the teaching approach in a more tradi-
tional manner. Specifically, I will try to raise awareness about the technological lim-
itations for language MooCs’ development as presented by most MooC platform
providers, with special attention to oral production and interaction. I will then address
the need for improved technology solutions, with a critical look at how MooC platform
providers and course developers can build more innovative and interactive language
courses by integrating new convergent technology such as Web Real Time Commu-
nication (WebRTC) in order to promote genuine oral interaction, especially in the case
of self-directed learning.

2 Are MooCs Really Just a Hype?

The challenges facing the higher education (HE) sector in meeting technology are
multiple, the foremost being how to adapt a static institutional system and traditional
teaching and learning patterns to the new dynamics offered by technology services. The
paradoxical result is that even in the presence of technological availability for imple-
menting newer and more effective learning processes, historical and cultural barriers
from a bygone era of education philosophy and practice create hindrances to innovation
processes [9—11]. This creates somewhat dysfunctional learning and teaching envi-
ronments where technology is applied, yet not fully understood, nor is it used to its
fullest [ibid].

The journey to real innovation in MooC developmental technology is just at its
beginning [11]. In the words of George Siemens [11, 12], there are two types of
MooCs: cMooCs and xMooCs. The “cMooC model emphasizes creation, creativity,
autonomy and social networking learning” while the xXMooC model emphasises “a
more traditional learning approach through video presentations and short quizzes and
testing. Put another way, cMooCs focus on knowledge creation and generation whereas
xMooCs focus on knowledge duplication” [ibid.].
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However, despite the claims of innovation, disruptive learning technology methods
and a revolution in learning approaches, several meta-studies [11, 13, 14] reviewing the
existing research literature on MooCs and investigating the pedagogical approaches
applied seem to confirm that the pedagogical practices in MooCs are neither entirely
new nor radically innovative [14]. The general teaching setups in most MOOCs seem
to rely on a classic behaviouristic teaching paradigm, with pre-produced and teacher
supervised study paths and fairly linear learning sequences. Knowledge is passed on to
a mostly passive audience through video presentations or streaming from classroom
practices. This seems to occur both in teacher-supervised learning environments, as in
most xMooCs, and in self-teaching or autonomous learning environments oriented to a
more connectivist approach, as in cMooCs - the connectivist side being the student fora
available on the MooC platform [13, 14].

The above-mentioned problems are certainly true for language courses as well.

3 The Case of Language MooCs

With regard to the worldwide development of ‘Language Massive Open Online
Courses’ or ‘Language MooCs’ (as termed hereafter), Spain and the United States of
Amercia (USA) are in the lead with a solid academic legitimacy but also an extensive
commercial production. It is therefore not surprising that the most prolific Language
MooCs are in Spanish and English. In the rest of Europe, including Norway [15, 16],
the situation is quite different and Language MooCs are often developed under the
umbrella of smaller, specific research projects.

Platform selection and technical functionality vary greatly according to funding and
this impacts correspondingly on the final product. The kind of Language MooCs which
have been developed, whether these are meant to be self-instructed courses or tutored,
also imposes specific didactical and technical choices, along with cost management
strategies.

In a very first attempt to gather and categorise research on learning and teaching
experiences in the emerging field of Language MooCs, Barcena and Martin Monje
have edited a pioneering and insightful meta-study that covers paramount topics rel-
evant to any language MooC developer. The conundrum for language courses, irre-
spective of their possible categorisation as cMooCs or xXMooCs, is defined as follows:

“language learning is not only knowledge-based, in the sense that it requires the rather passive
assimilation of vocabulary items and combinatory rules, but is mainly skill-based, in that it
involves putting into practice an intricate array of receptive, productive and interactive verbal
(and non-verbal) functional capabilities, whose role in the overall success of the communicative
act is generally considered to be more prominent than that of the formal or organizational
elements” [13].

How does the technology available on MooC platforms cater with such a challenge?
Even if MooC platforms in general undoubtedly offer a considerable improvement
on online language course development, the technological advancements are not suf-
ficiently developed to meet the specific requirements of language didactics. For
example, it is a fact that none of the existing platforms has embedded technology which
can enable course participants to fully develop their oral interaction skills. Most of the
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course content relies on written interaction, with the exception of fully-tutored Lan-
guage MooCs, where feedback on the participants’ oral performance takes place with
the aid of external technological resources such as videoconferencing. In self-instructed
courses there is neither the possibility for oral interaction nor external feedback on the
platform [13, 14].

3.1 Oral Interaction Issues in Language MooCs

According to the Common European Framework of Reference for Languages (CEFR),
which is increasingly also being used in countries outside Europe, the categorisation of
the language learner and user’s linguistic competence is based on real-life language use
and grounded in interaction and co-construction of meaning. Activities are presented
under four modes of communication: reception, production, interaction and mediation
in written and oral context [17].

In the CEFR, proficiency is a term encompassing the ability to perform commu-
nicative language activities stated as “can do-s”, while drawing upon communicative
language competences (linguistic, sociolinguistic, and pragmatic), and appropriate
communicative strategies [ibid.]. When one of these primary competences fails to be
represented within the language learning environment, as for instance in the case of the
technological inadequacy of MooC platforms to support solutions which cover oral
production and interaction, a question arises concerning the learner’s actual possibility
for fully developing the range of linguistic competences necessary in order to master
the target language. Similarly, a concern becomes apparent about the integrity and
validity of the language course and the possibility for future assessment and accredi-
tation. These are indeed pressing demands which need to be addressed by MooC-
developing institutions and MooC platform providers for and within HE.

Regarding the allegedly interactive environment present on MooC platform solu-
tions, there is a growing consensus that “most of the MooLC (language MooCs)
initiatives don’t offer a highly interactive environment where the learners are inter-
connected to a language learning community and collectively build their language
skills” [14]. Learners are still studying language in a traditional way, following courses
based on a cognitive behavioural pedagogical model with extended use of instructional
videos and pre-formatted learning sequences [14, 18].

Even in the case of two of the largest and most successful MooC providers, Open
EdX and FutureLearn, platform limitations in structure and functionalities are present.
Especially, FutureLearn is constricted by a rigid platform setup and few functionality
options (video, article, audio, quiz and poll/discussion). The underlying connectivist
pedagogy, enhanced in the form of supported collaborative learning tasks among
student participants, also seemed to be limited too frequently by the technology options
available on the platforms and solely bound to discussion fora. The inspirational vision
of connectivist MooCs is too often proving elusive. While it is possible to follow the
course participants’ interaction on tutored Language MooCs, it is very difficult to
monitor whether the course participants will interact with each other in a self-instructed
Language MooC [18, 19]. Neither is it possible to know for certain whether the
participants will be able to build a learning community outside the platform and beyond
the platform resources by utilising external digital services for language learning to
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instigate collaborative knowledge building [19]. It is important to note that many
Language MooCs are indeed self-instructed and based on the concepts of autonomous
learning. In this case, platform technology is not necessarily synonymous with better
teaching or learning. For instance, even the use of synchronous tools for written
communication on MooC platforms can be counterproductive. It is indeed extremely
difficult to foster high-level cognitive interactions in long multiple-threaded forum
conversations on a MooC platform; it is even more difficult to keep track of partici-
pants’ actions when compulsory tasks, based on communicative or collaborative tools,
are external to the platform [18 in 13, 19]. Who is doing what, why and how are crucial
questions to ask when in the process of learning a language. It is already a challenging
task for the course facilitator/instructor trained in language didactics to create a sense of
logic communication flow on the platform for tutored Language MooCs. It could be a
virtually impossible task for the well-intentioned but not necessarily trained volunteer
mentors and curators possibly emerging from the learning community of a self-
instructed Language MooC.

Is it then possible to create better learning environments on MooC platforms which
can support the development of oral interaction so critically important to language
teaching and learning?

4 Towards Better Technological Solutions

It is not easy to answer why such an important feature like oral interaction on Language
MooCs has yet not been a priority for MooC platform developers. Especially so, since
the technology which could make this possible is ready available and in use on popular
Language Exchange Apps like Bilingua, HiNative and HelloTalk.

Language Exchange Apps like the ones mentioned above offer the opportunity to
communicate with other language learners as well as native speakers through chat and
videoconferencing. Using matching algorithms, they select the best possible learning
matches to your profile. As a common denominator, these apps display integrated
learning tools like translator, vocabulary lists and grammar checker, but foremost they
make language learning a pleasant experience keeping learners motivated. Bilingua has
even included gamification features in the app with a reward system to stimulate
language learning through gaming and competitions among learners.

Would it be possible to recreate this kind of productive and interconnected learning
environment on Language MooC platforms? Would it be possible, for instance, to
integrate videoconferencing technology on OpenEdX or FutureLearn and open up for
oral communication directly on the platform, without having to rely on external pro-
grams and resources?

4.1 WebRTC Technology

Videoconferencing has traditionally required installing a dedicated application, such as
Skype. In 2011, Google released WebRTC (Web Real Time Communication) as an
open source project to bring video conferencing to browsers. As a result of its addition
in popular browsers such as Chrome and Firefox, numerous web-based videoconfer-
encing services were launched.
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WebRTC enables real-time communication over peer-to-peer connections and
applications such as video conferencing, file transfer, chat, or desktop sharing without
the need of either internal or external browser plugins or external software. As an
example, Appear.in was launched in Norway by the national telecommunication
company Telenor as an online collaboration tool that supports videoconferencing with
multiple participants (up to 12) with no required registration. At the core of its func-
tionality is WebRTC.

In order to integrate this technology on a MooC platform, the platform itself must
support customisation using HTML and Javascript. An example is the Xblock-
functionality on OpenEdX.

Xblocks are fully-customisable extensions or plug-ins that add functionality to
OpenEdX platform and can provide interactive content to the learning objects in the
course. In this case, a bespoke Xblock provides access to an external WebRTC plat-
form through an Application Program Interface (API). The implementation of
WebRTC can be done by integrating existing conferencing services. Suppliers of such
services are, for instance, the American Tokbox, the Singapore-based Temasys or open
source providers like Jitsi. These suppliers offer Javascript APIs which are used on web
sites together with a “conference bridge” which browsers will then connect to in order
to deploy videoconference functionality. At NTNU, we are currently experimenting
with building XBlocks to implement WebRTC (by using Jitsi) on our Open EdX
installation, so that we will be able to provide Language MooCs with real-time oral
interaction for our learners.

It is, however, important to underline that even in the case of Open EdX, this is not
something course designers will be able to do on their own. This bespoke functionality
requires the dedicated efforts of a team, including computer programmers and web
designers, and it comes with a cost that will impact on the project budget. Nonetheless,
OpenEdX is the only platform that allows the necessary customisation to integrate this
technology.

Unfortunately, at the moment, FutureLearn does not offer course developers the
possibility to include such convergent technology for tailoring learning objects’
functionalities, as the platform is rigidly preformatted and does not support custom
extensions. In this respect, any attempt to include oral interaction in the course design
of self-instructed language courses on FutureLearn is currently precluded.

4.2 WebRTC for Language MooCs

Integrating ad hoc technology to enable oral interaction on MooC platforms is a first
step. Most crucial, though, is integrating the technology in the language course design.
How is it possible to use WebRTC technology in a meaningful way for large classes
that are common to MooCs? And how can such activities be assessed fairly and
equally?

The implementation of WebRTC on Language MooCs could give rise to different
learning scenarios and entail different levels of cooperation. In the following, I will
describe some possible courses of action that can work on Open EdX, as this is
currently the MooC platform which offers the best technological functionality.
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4.3 The Participants

The first logical approach will be to match the existing course participants so that they
can start to practice their oral skills with each other. In the matching process different
variables must be considered as with Language Exchange Apps mentioned in previous
paragraphs. Such variables include personal interests, level of proficiency in the target
language, time of dedicated effort a week and different time zones.

In language didactics, there is an unequivocal consensus that small groups work
better than large classes. The platform should therefore include functionality for cre-
ating smaller learner groups, such as “cohorts” on Open EdX. Cohorts will then be
assigned language tasks according to their level of proficiency. It will be possible, for
instance, to create guided video-chats where learners have to solve problems or enact a
role play in the target language.

In order to foster genuine oral interaction on Language MooCs, though, the pivotal
feature of the course design will be to open up for interaction with native speakers.
Only through feedback provided by native speakers can a language learner fully
develop his/her range of communication skills. It is then necessary to build a database
of participants which comprises native speakers willing to learn and help others learn
languages. But how to recruit such participants?

On Open EdX, for instance, it is possible to recruit in interdisciplinary ways, from
other courses on the platform, during the enrollment process. When the participants
receive their enrolling mail to a course, it is possible to ask them whether they want to
join the platform’s tandem language learning community. It is also possible to create a
separate enrollment dedicated only to the platform’s tandem language community. This
could have been displayed as a platform feature on an institution’s main page. Edu-
cational institutions could cooperate with local community initiatives, or themselves
initiate local community projects, like inviting retired language teachers to the tandem
community. In this way, language courses can be guaranteed the necessary experience
of native speakers and at the same time the language tandem project can have a positive
impact on a segment of society whose resources are underestimated.

4.4 Assessment, Certification and Accreditation

Certification and accreditation are notoriously a challenge for MooCs. In Language
MooCs, I think the challenge is even greater.

Utilising existing technology and integrating functionalities on MooC platforms to
support linguistic oral interaction have simply not been a priority for MooC providers
so far. However, this is certainly something that they will need to take into consid-
eration in the future, especially when having to front the pressing demand for course
accreditation in the HE sector. How is it possible to give credits or provide certificates
of accomplishments when a course is simply not teaching the learners one of the most
important skills they need to know when learning a language?

When integrating WebRTC in Language MooCs, new forms of assessment can
come to light and offer interesting solutions, particularly in self-instructed courses.

Open Response Assessments (ORA) are, for example, flexible assignment types on
Open EdX in which learners submit different text responses to open questions or
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assignments. Responses can be submitted in different file formats and learners are
guided through a series of assessment steps that can include a training step, peer
assessment, self-assessment, and even staff assessment in fully tutored courses. In self-
instructed courses, course designers set forth constraints and conditions and can define
the assignments in ORA. For instance, a learner can be required to deliver 30 to 45 min
of work/week in oral communication skills. In this case, each video conference session
is recorded in the MooC platform’s analytics system, which means that the platform
registers the learner’s participation, and the learning task is then marked as completed
for future certification/accreditation. In the same way as other language exercises, it
will be possible to integrate several video conferences in the curriculum and adjust
these according to language learners’ level and progression.

What ORA functionality allows particularly in self-instructed courses is the
emergence of a learning community, where learner’s tasks are not simply collected and
stored in analytics, as happens with regular multiple-choice or predefined exercises, but
it is an intrinsic part of a learner’s development. The ORA’s cornerstone on a Language
Mooc is peer-to-peer assessment. The learner is required to perform a language task
and get peer evaluation on his/her performance while at the same time having to
evaluate the responses of other course participants. In addition, the learner also gets
evaluation from his/her virtual tandem partner (VTP), that is, the native speaker or
speakers with whom he/she regularly engages in conversations. In this way, the
scaffolding so crucial to language learning [20] fluctuates organically between the
expert support given by the native speakers and the peer support presented by other
course participants, offering the learner the possibility to explore and test language
skills in his/her zone of proximal development [ibid.]. In the same way, the rigid
boundaries between informal and formal assessment fluctuate; the learner’s assessment
of his/her own achievements is continuous and progressive thanks to the feedback from
the VTP, the learning community and the automated analytics functionality on the
platform.

Only when platform functionality and course design are able to cover for all these
aspects can a Language MooC genuinely claim to foster language learning.

5 Discussion and Conclusion

The need for successful Language MooCs, which can present learners with quality ad
hoc technological solutions and appropriate language didactics, is high, due to multi-
lingualism and multiculturalism being paramount aspects in our modern globalised
society. The journey to reach that target is just at the beginning; there are still issues
which are neither being fully addressed nor perhaps fully understood in the MooC-
platform providers’ community.

Language MooCs have to deal with the same ontological, conceptual and practical
challenges of regular MooCs, like the evolving nature of teaching and learning in
digital networks, the redefinition of the teacher’s role as facilitator, time and imple-
mentation costs, as well as assessment and accreditation issues. In addition, Language
MooCs necessarily face specific challenges intrinsic to language didactics, such as how
to enable oral interaction on the platform among the course participants but also within
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the authentic context of oral communication with native speakers. This is particularly
important for self-instructed Language MooCs. However, most Language MooCs so
far do not offer oral interaction functionality.

Without pretending to have a solution to a complicated matter, which involves
several levels of theoretical and technological understanding, I wish, however, to
conclude this paper by mentioning that it is indeed possible to utilise existing con-
vergent technology such as WebRTC and integrate functionalities on MooC platforms
to support linguistic oral interaction. This aspect has simply not been a priority for
MooC providers so far, but it certainly is an issue which needs to be addressed,
especially concerning the pressing demands for course accreditation in HE. MooC
platform providers and language course designers could find inspiration in their search
for a solution to this problem by looking at developments in non-MooC language
learning environments, such as in the case of Language Exchange Apps.

Implementation of WebRTC technology on MooC platforms could challenge the
classic teaching paradigm still predominant even in advanced technological learning
environments, and could open the way for assessment processes more suitable to
learning in the digital age.

Research in this specific field is not yet available, and an array of research possi-
bilities therefore lie ahead for genuine innovative language didactics in MooCs.
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Abstract. This paper reports on a study which investigated whether the addi-
tion of haptics (virtual touch) to a three-dimensional (3D) virtual reality
(VR) simulation promotes learning of key concepts in biology for students aged
12 to 13 years. We developed a virtual model of a section of the cell membrane
and a haptic-enabled interface that allows students to interact with the model and
to manipulate objects in the model. Students, in two schools in England, worked
collaboratively on activities, in pairs, designed to support learning of key dif-
ficult concepts. These concepts included the dynamic nature of the cell mem-
brane, passive diffusion and facilitated diffusion. Findings from observation of
the activities and student interviews revealed that students were very positive
about using the system and believed that being able to feel structures and
movements within the model assisted their learning. Results of pre- and post-
tests of conceptual knowledge showed significant knowledge gains but there
were no significant differences between the haptic and non-haptic condition.

Keywords: Haptics + Virtual reality - Cell biology - Science learning

1 Introduction and Background

Haptics provides the additional sense of touch to a virtual reality (VR) environment,
thus enabling people to feel the objects they are interacting with. Furthermore, a haptic-
enabled interface can enable people to directly manipulate objects in a three-
dimensional (3D) VR environment much more realistically than is possible through
more standard interfaces such as mouse and tracker ball. Our research objectives were
to: (1) design and develop a haptic-enabled VR environment that would enable students
to explore difficult concepts through multisensory collaborative activities; (2) investi-
gate whether or not the ability to feel the interactions through touch affected students’
development of understanding of key concepts; and (3) examine students’ perspectives
on the interactive learning experience.

We focused on cell biology as an important area of science learning that poses
significant challenges that may be addressed through the use of VR simulations.
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Understanding cell biology is critical for understanding biology as a whole [1], but
introductory courses tend to be limited in their scope, mainly owing to the difficulties of
developing conceptual understanding of such complex systems that cannot be observed
directly. Furthermore, there is evidence that persistent misconceptions are common in
cell biology at school level [2, 3].

The model developed for this study was of a section of the plasma membrane,
otherwise known as the cell membrane, which is the membrane surrounding all cells.
The decision to focus the study on cell membrane structure and function was based on
three main considerations: (1) the crucial importance of cell membranes for the overall
understanding of biology; (2) the prevalence of conceptual difficulties and miscon-
ceptions in learning about membrane structure and function; and (3) the good oppor-
tunities for haptic exploration of the forces at work in membrane transport. The way in
which the cell membrane controls movement of materials into and out of cells, through
diffusion, active transport, facilitated diffusion, etc., is critical for the functioning of
biochemical processes. Known problems in understanding these particular phenomena
include: a persistent anthropomorphic view of processes and assignment of inten-
tionality to cell functions [2]; issues in understanding magnification and scaling [4];
problems in understanding randomness in relation to diffusion [5]; and issues in
visualisation of cell structures with different representations [6]. Specific misconcep-
tions that have been identified previously include: molecules diffuse depending on the
space available [7]; diffusion in a cell depends on the “living” processes of the cell and
therefore stops following the death of the cell [8]; and a substance dissolved in a liquid
spreads out by breaking into smaller particles.

Haptic interaction in a VR simulation can enable students to experience forces
resulting from concentration gradients, suction effects of specific carrier proteins as
well as to feel the virtual representations of microscopic structures whose shape is
critical for their function. Thus, we have chosen to investigate a learning situation
where haptic interaction may be particularly beneficial.

Previously, Webb et al. [9] argued that the potential benefits for learning science
concepts, of the addition of haptics to a VR simulation, derive from: (1) the known
general benefits of multisensory learning compared with uni-sensory; (2) engagement
and motivational effects of a more realistic experience; and (3) the more specific
possibility that haptic interaction will support the visualisation that is necessary for
understanding many key processes in science [10]. A possible theoretical foundation
for the suggested improved learning associated with haptic support for visualisation
comes from Dual Coding Theory [11, 12] which proposes that distinct interconnected
systems for different sensory modalities act synergistically.

In this paper, we first discuss the principles and design of the VR environment that
we developed for this study, and the haptic-enabled interface designed to explore the
VR environment. We then discuss the nature of the interactive learning environment
and activities that we developed, based on findings from previous studies [9]. The
methods for collecting data, preliminary results and discussion of findings then follow.
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2 Design of the VR Environment

Designing the VR environment presented several challenges. First, cell membranes and
the ways in which they control the movement of substances into and out of cells are
very complex, so achieving a realistic model, for example by using real images, was
impossible. Therefore, it was necessary to identify suitable iconic ways of representing
structure and function. Understanding cell membrane function is crucial for under-
standing both the normal functioning of cell and organ systems as well as the
opportunities for bio-engineering, and is an area of active research [see, for example,
13]. However, determining what level of understanding of such complex systems
would be desirable and achievable for the target group of students presented a chal-
lenge. Furthermore, understanding of the functioning of cell membranes is an area of
cell biology that leads to significant student comprehension problems and miscon-
ceptions, as explained earlier [2, 14]. It is likely that some of these problems and
misconceptions result from poor models and representations currently used for teach-
ing. Therefore, key considerations for the design of the model included:

1. Identifying a level of complexity that would be sufficiently accurate not to lead to
misconceptions, while being feasible to be modelled in a virtual environment and
not too complex for students aged 12 to 13 years to understand.

2. Deciding on the level of detail for representing molecular structures that would
enable understanding of their function in membrane transport.

3. Representing the relative size and scale of structures within a confined space, given
that manipulation of the haptic-enabled interface is restricted to a limited vertical
and horizontal space.

4. Modelling the haptic forces in such a way that students would be able to feel forces
and manipulate the structures.

The screenshot in Fig. 1 shows the cell membrane model near the start of the
activity. The phospholipid bilayer of the membrane is depicted as a straw-coloured
barrier with some hexagonal shapes representing the idea that the layer consists of
many separate molecules and the bilayer is also indicated by the cross-sectional view.
However, the details of the bilayer were not considered to be important for students
aged 12 to 13 years to understand. The pale cream structures penetrating through the
membrane represent the membrane proteins; several different types of membrane
protein were modelled. Carbon dioxide and oxygen molecules, represented by their
coloured atoms, following the CPK (Corey, Pauling, Koltun) colouring convention, can
be seen in Fig. 1.

The user is able to interact with the system via two points of contact of the thumb
and index finger on the same hand (either left or right) by means of a thimble device as
shown in Fig. 2. In the model, the fingers are able to move freely through the cell
membrane but when the user grabs hold of an object in the model, such as a glucose
molecule, if the haptics is enabled, the user feels the object and any forces acting on
that object, such as those resulting from concentration gradients. In the non-haptic
condition, the user interacts using the same interface, but the haptics is turned off in the
software, so the user must rely on visual cues to grab objects. When the user makes
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Cytoplasm

Fig. 1. View of part of the cell membrane model

contact with one of the substances, the “Label” changes to show the name of the
substance (carbon dioxide, oxygen, glucose, sodium and potassium). When haptics is
enabled, users can feel forces on the substances, depending on their concentration, as
they push a molecule or ion. During the simulation, users can add more molecules and
ions, thus changing the concentration gradient. Some of the membrane proteins are
modelled as glucose transporters, based on the GLUTI transporter, as far as its
structure and function is known [15]. When a user pushes a glucose molecule towards a
glucose transporter, the user feels the force as the molecule is drawn into the transporter
protein, and the model simulates the glucose transporter changing shape as it transports
the glucose molecule through the membrane.

Fig. 2. Students using the system
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3 The Interactive Learning Environment and Activities

As shown in Fig. 2, students worked in pairs, where one student (the pilot) was
immersed in the VR environment using the interface and the head-mounted display,
while the other student (co-pilot) had the same view of the 3D environment on a
standard computer screen. The pilot controlled the interaction with the VR environment
while the co-pilot directed the activity by: reading the instructions and questions on the
worksheet; controlling some aspects of the model through the keyboard; and writing
the answers onto the worksheet. The design of this learning environment was informed
by a series of investigations with previous prototypes and discussions with teachers and
students [9]. The following were the main design principles:

1. to focus students’ attention on the haptic interaction and feel of the structures
through the activities and questions;

2. to encourage students to learn collaboratively by discussing their ideas;

3. to encourage students to formulate their ideas precisely.

For the students, aged 12 to 13 years, who were the subjects in our study, their
usual study of cell membranes included examination of cell preparations under the light
microscope, where cell membranes appeared as a thin line stained with a dye, together
with two-dimensional diagrammatic representations and teaching and discussion
regarding how membranes function to control movement into and out of cells,
specifically through diffusion, osmosis and active transport.

Based on considerations of the existing curriculum, activities were designed to
develop understanding of the following key concepts:

1. The cell membrane is a barrier to the movement of some substances whereas others
pass through freely.

2. Substances move in the cellular fluid by diffusion and some substances are able to
continue moving by diffusion through the membrane.

3. The movement of substances that are able to freely diffuse depends on their indi-
vidual diffusion gradients.

4. The cell membrane is a dynamic structure in which membrane proteins “float”.

5. Carrier proteins enable the movement of some substances through the membrane by
attracting a specific molecule and changing shape as the molecule passes through
the channel of the transporter.

4 Research Methodology

The study was carried out in a boys’ school and a girls’ school with students who were
in their first term of Year 8 (aged 12 to 13 years). Both schools were independent and
selective, so the students were of relatively high academic ability. Opportunist sam-
pling was used, based on which students could be freed from lessons at the time of the
study. Pairs of students were assigned randomly to the haptic or non-haptic condition in
equal numbers, and the students were not informed of this difference. In all, data were
obtained from 32 pairs of students: 16 pairs in haptic-enabled condition, and 16 pairs in
non-haptic condition.
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In line with ethical considerations, the purpose of the study was explained carefully
to the students, and theirs’ as well as their parents’ consent for the data collection was
obtained. As some students were only exposed to the non-haptic condition, in a follow-
up study later in the academic year, we ensured that all students had the opportunity to
experience the haptic condition.

A test of biology knowledge, based on the key concepts listed above, and incor-
porating 14 true/false questions, was administered before and after the activity. While
students were undertaking the activity (approximately 40 min in duration) they were
video recorded. Students were observed by members of the research team who made
notes on how students engaged with the activities and with each other. The research
team later reviewed the notes and videos in order to identify advantages and limitations
of the system and interaction. Students worked through the activity using the worksheet
without teacher support; technicians were on hand to deal with technical issues with the
hardware and software. Following the activity, students were interviewed in pairs using
a semi-structured interview of about 20 min duration that elicited students’ perspec-
tives on: using the VR system; carrying out the activities; and collaborating while using
the VR system as well as their thoughts on their learning during activities. The
interviews were transcribed and subjected to inductive coding and thematic analysis. In
this paper, we focus on the value of haptics for learning by examining both students’
knowledge gains and their perspectives on their learning and how learning may be
supported by the activities and the system.

5 Results

Observations of students during activities showed that both those in the haptic and non-
haptic condition were engaged with the tasks and most pairs worked very well together
to support each other in interacting with the system and answering the questions. The
majority of the students had not previously used VR systems and therefore the expe-
rience was novel and exciting. Generally, students quickly became familiar with the
system and were able to use it effectively. There were some technical problems, par-
ticularly with the thimble devices, so it was sometimes necessary to stop and restart the
system in order to adjust the thimble devices. The technical problems were quickly
resolved by technicians or the students themselves and generally did not interfere with
the progress of activities.

Table 1 shows the scores for the 14 true/false questions on the knowledge tests.
There was no significant difference in the pre-test scores for haptic (M = 5.50, SD =
2.03) and non-haptic (M = 4.84, SD = 2.16) conditions; t(62) = 1.25, p = .22. There
was also no significant difference in the post-test scores for haptic (M = 8.31, SD =
1.97) and non-haptic (M = 8.34, SD = 1.43) conditions; t(62) = —.07, p = .94.

There was a significant difference (p < 0.001) between the pre-and post-test results
suggesting that students had improved their understanding by undertaking the activi-
ties. However, whether the participants were in the haptic or non-haptic condition did
not affect the change in score (p = 0.23). While the overall scores on the test improved,
incorrect answers remained, including, particularly, answers related to Key Concepts 3
and 4 (see Sect. 3).



An Investigation of the Impact of Haptics 203

Table 1. Comparison of pre- and post-test results for the true/false questions

Condition |Mean | Standard deviation | N
Pre-test score | Haptic 5.5000 | 2.03200 32
Non-haptic | 4.8438 | 2.15690 32
Total 5.1719 | 2.10483 64
Post-test score | Haptic 8.3125]1.97464 32
Non-haptic | 8.3437 | 1.42805 32
Total 8.3281 | 1.70949 64

All the pairs of students reported that they found the system generally easy to use.
However, a significant minority of pairs, both in haptic and non-haptic conditions, said
that they found difficulty in grasping the objects in the system. Nearly all the students
reported that they enjoyed working in pairs in these activities and found learning
collaboratively was well supported by the system.

All the students who experienced the haptic-enabled condition were positive about
being able to feel the particles. They commented particularly that they believed they
gained a better understanding through using the VR system and specifically through
being able to feel, especially compared with more traditional methods of teaching and
learning such as listening to the teacher or viewing static diagrams. For example, when
asked what they liked about the system, one student commented: “I liked the touch
about it, so 1'd know what it feels like” and further when asked about the benefits for
their learning: “Well, because if you looking at it you can only imagine what it’s like, so
you don’t actually know what’s it’s like for real”.

Students who worked in the “non-haptic” condition were also positive about the
system and valued the visual experience but also commented on the value of being able
to grasp and move the objects. The students were not told that the haptics had been
disabled and were asked the same questions as the experimental group, including
questions about the feel of the model, e.g. in the interview they were asked: “do you
think being able to feel the membrane and the particles virtually can help you learn
better, and why?” Some of these students were well aware of the lack of feel and
commented on this as a limitation of the system, e.g. “It was hard ‘cause it kept asking
the question how you feel, but I couldn’t physically feel so I didn’t actually understand
what, like, the question...” However, many of the students did not comment on this
lack of feel. Some found the fact that they could grasp objects with their fingers but not
feel them quite strange, e.g. “We couldn’t actually feel them in a way... It’s really
weird, it’s like you can see you're moving something but you can't feel like actually
sense that you re moving it.” Others thought that they were somehow compensating by
imagining the “feeling” of what they were seeing, e.g.:

“I didn't feel too much, actually, with the haptic feedback... But, I think it really will improve
kind of being able to feel the resistance, cos you can kind of feel it in what you re seeing. But
there probably just needs to be a bit more actual vibrations, for example, coming out of the
system” (Student in non-haptic condition).
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Overall, the students felt that being able to interact with a haptic-enabled VR
system would support their learning.

6 Discussion and Conclusion

Findings from the interviews, together with observations of the activities and videos,
showed that the students: were engaged with the system; they worked well together in
pairs to complete the tasks; enjoyed the activities; found the experience fun and
interesting; and believed that they were learning. Furthermore, findings from the pre-
and post-tests revealed that students had better understanding of the subject matter after
undertaking the activities with the system. Therefore, we can conclude that the design
of the model and interface and the associated activities were: suitable for the students;
enabled collaboration; were engaging and motivating; and supported students in
learning most of the key concepts.

Observations of the students while they were undertaking the activities as well as
students’ own perspectives revealed that turning off the haptic feedback generally did
not inhibit the students from interacting with the system and carrying out the activities.
We can therefore conclude that students were able to compensate for the lack of feel
through visual cues. As there was no significant difference in knowledge gains between
the haptic and non-haptic condition in this study, turning off the haptics so that students
could not actually feel the objects appears not to have affected their learning of concepts.
This finding needs to be interpreted with caution. It is possible that just being able to
grab the objects with their fingers enabled students to explore the environment and
hence to learn. However, it is also noteworthy that on the post-test, students still found
difficulty with some concepts that we had expected would be supported by their
experiences of haptic feedback. Some observations during activities suggested that
students were not experiencing the full effects of the haptic feedback that we had
expected. This may have been because they had difficulties grasping objects, owing to
problems with the thimble interface. Alternatively, or in addition, the forces may not
have been sufficiently strong for students to notice. A possibility is that the students did
not notice haptic stimuli because the visual stimuli, which were novel and exciting,
directed their attention away from the haptic stimuli. “Visual dominance” is a well-
known psychological phenomenon, which suggests that people are more likely to notice
and respond to visual stimuli than those from their other senses. For example, even in
experiments where participants were compelled to attend to a particular sensory stim-
ulus, an irrelevant visual stimulus interfered much more with their response to an
auditory stimulus than vice versa [16]. Lukas et al. explained these findings in relation to
the theory of directed attention [17], which claims that visual stimuli are not as auto-
matically attention-capturing stimuli as other modalities, so people have to actively
focus their attention towards visual stimuli, which therefore occupy more of their
attentional resources. A recent review [18] revealed that a majority of studies suggest
that attentional resources are distinct for visual and auditory sensory modalities.
However, findings vary, and may be dependent on the type of response being investi-
gated and the context of the study. In this review, consistent with the majority of recent
studies, the emphasis was on visual and auditory rather than haptic. Furthermore, the



An Investigation of the Impact of Haptics 205

studies included in their review were focused in the real world whereas there is evidence
that people’s perceptions of touch vary between the real world and other representations.
For example, Gaffary et al. [19] found, in an experimental study, that people’s per-
ceptions of a virtual piston differed between an augmented reality (AR) and VR envi-
ronment. A recent review also shows that there are variations in multisensory perception
with age and across different groups [20]. In summary, although we kept the other
conditions of the investigation basically the same between the experimental and control
groups, the interactions between students and the VR environment and between students
in their pairs, provided many opportunities for variations that may have influenced
learning. In further research, we will be conducting video analysis of the interactions and
undertaking further experiments in order to examine these possibilities in depth.

Whether or not the haptic feedback is critical for students’ learning, the addition of
haptics to a VR system does provide a more complete and authentic experience.
Furthermore, some students found the experience of being able to grasp objects without
feeling them to be strange. Currently, the addition of haptics to VR systems presents
significant technical challenges. Therefore, typically VR systems rely heavily on visual
representation and haptics is generally lagging behind the visual in implementation,
including in, for example, surgical applications, where there is evidence that incor-
porating haptic feedback would be valuable [21]. Currently, haptic interfaces are rel-
atively expensive, whereas the costs of VR systems with 3D visual interfaces are
reducing. If, as expected, it becomes possible to provide relatively inexpensive haptic
interfaces to VR systems, then it will be important to identify the relative learning
benefits and issues associated with haptic feedback in various situations.

While this investigation was of necessity conducted outside of their normal lessons
and no elements of the usual interaction with a teacher were included in the activities, it
is expected that similar activities could be incorporated into normal classroom lessons.
For example, a haptic activity might be incorporated into a circus of investigations, in
which students move around from one activity to the next during a lesson. Such
activities might include various investigations using VR and haptics as well as the
standard laboratory cell studies.
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Abstract. Extensive research confirms the benefits of group work in various
educational and business domains. There has, however, been little consideration
to rigorous formation of groups, especially project teams, in software engi-
neering disciplines to improve the outcomes of these groups. Previous studies
show that the outcome of groups will be affected by a number of different
factors, such as the context in which these groups interact, the characteristics and
the behaviour of each individual and the group composition. This research
evaluates the extent to which it is possible to enhance the group outcomes by
systematically reconstructing the groups of students and hence improve the
performances and raise the overall outcome level of a software engineering
lecture at two universities, the Alpen-Adria University of Klagenfurt and the
Technical University of KoSice. An empirical experiment has been carried out
involving 69 groups and 140 individuals. The results of this experiment were
then compared with historical data of 961 groups (approximately 2,400 stu-
dents) on group outcomes over a period of 12 years. The findings show sta-
tistically significant improvements of the outcomes for those groups that were
systematically constructed. These results could enable business leaders and
educators to systematically form their groups for improving the outcomes of
these groups.

Keywords: Software engineering * Systematic group formation *
Improving group outcomes

1 Introduction

A winning team is required in almost any business and engineering discipline to
achieve quality results such as, for example, the development of a product or the
delivery of a service to clients. One can argue that every team within a company has to
be successful in achieving their goals and many experts confirm that the composition of
the team is the key to success. Examples of group types include business teams which
might exist to generate financial profit, project teams which might exist to achieve
certain project goals, club teams which might exist to have fun, families which might
exist for reproduction purposes or educational groups which might exist to achieve
certain learning outcomes. Panitz [1] points out a number of benefits that result from
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collaborative work in educational settings. These benefits include academic, social and
psychological aspects which have been discussed in detail by Mujkanovic and Bollin
[2] and by Mujkanovic et al. [3]. Groups generally exist for a particular reason and they
typically target one or multiple outcomes [4].

A systematic and thorough construction of groups is a very demanding challenge,
especially in composing the group members in a way that the intended group outcomes
can be improved [5]. Many factors will have an impact on these outcomes, including
the context in which the group activity takes place, the individual characteristics, the
individual behaviour and the group composition. The meaning of these factors will be
fully discussed in Sect. 2.

The composition of groups plays a significant role in achieving the outcomes, but
we still do not know much about the strength of this influence. Therefore, this research
assesses the extent to which a systematic formation of software engineering groups
affects the outcomes of these groups. Specifically, we aim at assessing the extent to
which group outcomes can be improved through systematic reformation of groups
during an ongoing lecture. Additionally, we are interested in the extent to which the
outcomes of a lecture can be improved through a systematic reformation of groups.

This paper presents the results of an examination of data that have been collected
over more than 10 years, involving randomly formed and systematically formed
groups. The systematic formation is based on personality types and skills of each
participants. The results show an improvement in the group outcomes when groups
were systematically formed.

We commence with reviewing and studying the existing literature in Sect. 2.
Section 3 discusses the approach that has been taken to address the hypothesis and the
subsequent research questions. Section 4 presents the findings of this research. Threats
to validity will be discussed in Sect. 5, and conclusions and further work will be
addressed in Sect. 6.

2 Background

There are important terms that will be used throughout this paper. It is therefore
important to clarify the meaning of these terms. Individual characteristics are
observable traits that can be used to differentiate between individuals. These traits exist
independently of a human’s behaviour and include cognitive and physical abilities,
cultural values, personality traits, etc. Examples of individual characteristics include the
age, the level of knowledge or the intelligence quotient of an individual. Individual
behaviours are the actions of an individual within the context established by a par-
ticular task occurring within a particular environment. Examples include the level and
diversity of chat dialogue that occurs between group members or potentially the
number and nature of requests for assistance, etc. Context is the environment in which
group activities take place. Group outcomes is the evaluation criterion that is defined to
assess the group results. The group composition is a systematic arrangement of group
members with certain personalities and skills which will contribute towards achieving
the group outcomes.
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In the following, we now briefly summarise related work in respect to group
formation, project-based learning and the five-factor model, before presenting the
research objectives that are covered by our study.

Many researchers [6—8] have studied the group formation problem. An overview is
given by Magnisalis [9], in which the approaches to group formation have been sum-
marised and clustered by the methods used to form these groups. Various approaches
have used clustering techniques [8], fuzzy and genetic algorithms [7] and hidden
Markov models, as well as approaches that used learning styles of students.

Graf and Bekele [10] point out the importance of collaborative learning and the
group formation process. They address the formation of heterogeneous groups that is
defined as the level of diversity of achievements within the groups. The heterogeneity
is measured by the Euclidean distance between the attributes of group members. Ant
colony optimisation is applied to improve the “goodness of the heterogeneity” of
groups. Their research addresses the problem of the famous travelling salesman that is
often discussed in literature on optimisation problems. Students are represented as
nodes and the travelling salesman optimisation is applied to find the closest students
and create groups. The evaluation of this approach has been made through a study that
involved 512 students. The authors show also the scalability of their proposed method
and the application to the real world. While their work uses sophisticated artificial
intelligence methods to address an important problem and improve the group formation
process, it does not consider the formation of homogeneous groups. The focus of their
research seems to be the quality of the group formation process itself [10].

We are not aware of any existing research that has used personality types and skills
for the systematic reformation of groups during an ongoing software project man-
agement course and a project-based learning scenario. Our approach uses a simple and
scalable group formation model with focus on systematic group reformation within a
well-established simulation environment called AMEISE. The reasons for using the
AMEISE framework in our research include a high standard of the lecture’s content
that has not changed much over the past few years, as well as the nature of the lecture
in which student groups perform two simulations. This provides a perfect context to
test our hypothesis with random groups (1% simulation) and systematically formed
groups (2" simulation). Another reason that make the AMEISE a perfect environment
for our research is the very stable assessment scheme of the entire lecture. More
information on the AMEISE simulation framework and a justification for using this
framework for this research can be found in a previous paper [2].

Concerning project-based learning, there are countless reasons for its importance for
student careers. Krajcik and Blumenfeld [11] give an overview on the key elements that
should be considered in project-based learning environments. These elements include:
(1) a formulation of the key questions and hence a problem that has to be solved;
(2) students tackle the problem by engaging in real problem-solving processes that are
essential to expert work in the field; (3) teaching staff and fellow students including the
community begin to engage in collaborative activities and support the project team; and
(4) students develop a set of outcomes that represent the learning outcomes of the lecture.
In project-based learning, students solve real-world problems and gain knowledge and
skills and they also reflect on their skills and their personality [12]. To test our hypothesis,
it is required to categorise individuals into different personalities. One way is using the
Five-Factor Model.
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Salleh et al. [13] and Yamada et al. [14] confirm that the personality has an impact
on students’ performances. They used the Five Factor Model (Extroversion, Agree-
ableness, Consciousness, Neuroticism, Openness) to assess the impact of personality
on the outcomes. Salleh et al. found out that consciousness and openness had an impact
on the performances of students. Yamada et al. suggest constructing the groups with
members with different individual characteristics. Another study by Alfonseca et al. [6]
found that certain learning styles impact on student performances and that collaborative
learning might be improved through systematic formation of groups. Systematic group
formation is exactly the core of this research, which aims at improving group outcomes.

In an initial study [2], we assessed the impact of the findings by other researchers
[13, 14] in our context. As the results of our initial study provided promising results
that supported our hypothesis, we felt strengthened to use these results for further
studies. The learnings from existing work and our own examinations were applied to
our group outcomes model. Initial studies [2] introduced the group outcome model
where various factors that impact on these group outcomes had been discussed. This
group outcome model had been further developed and includes now also the Five-
Factor-Model (as represented in the top left in Fig. 1), using individual characteristics
to obtain the personality types of each individual. These personality types are then used
to compose the groups in a way that the desired group outcomes will be more likely.

Five Factor Model Individual impact

Characteristics Context
5 =
o o
A Ve

Group Outcome

Group impact,, | Individual | impact | "5 0y

Composition Behaviour Senvice)

Hypothesis |

Fig. 1. Group outcome model: factors that have an impact on group outcomes [2]

To our knowledge, there has been no consideration of how groups might be
reorganised during a lecture to improve learning outcomes. We have therefore for-
mulated the following hypothesis and research questions that will address this research
opportunity:

Hypothesis: By systematically reconstructing groups of students it is possible to
enhance their outcomes and improve the individual performances and therefore raise
the outcome level of the software engineering lecture.

Research question RQ1: To what extent is it possible to improve the group outcomes
by systematically reorganising the student groups?

Research question RQ2: To what extent is it possible to improve the outcomes and
raise the total outcomes of the lecture by reorganising the student groups?
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3 Methodological Approach

The methodological approach was adapted from an initial pilot study in 2015 and was
further developed through feedback of the pilot study [2]. Before we start discussing the
details, it is useful to explain the structure of the experiment and the overall approach,
which has been conducted in its two major phases. In the first phase, participants of the
study performed an assignment during a software project management course using the
AMEISE simulation framework that provided empirically validated and quantitative
data for grading. In the second phase, participants of the study were systematically
placed into groups of four different cohorts aiming at addressing our hypothesis and
improving their outcomes through rigorous and systematic reformation of the project
groups. After both phases, the atmosphere was observed through a pre-test (after phase 1
means prior to systematic group formation) and a post-test (after phase 2 means after
systematic group formation) to capture any circumstances (e.g. conflicts between group
members) which might have had an impact on the outcomes. The participants were split
into four different student cohorts that were systematically constructed depending on
their personality and results of the first simulation run. These cohorts included a random
cohort (RG), a cohort (MC) that included at least one manager or coach per group as
recommended by Sunaga et al. [15], a cohort of students that achieved best results in
phase 1 (UC), and a cohort that included at least one analyst or renovator per group
(AR). No roles were assigned to the students (so, only personality traits were used to
form the groups). Results from both phases were then compared to examine whether the
results could be improved through systematic formation of groups.

The students at both institutions were used to working together in different team
constellations (even though they preferred to work with colleagues they knew), and
then, from a student’s perspective, they were randomly assigned, as explained before.
All students were informed that they were taking part in an experiment, and surveys at
the end of the course showed that they were satisfied with their group re-formation.

RQI was addressed by comparing the results of phase one (randomly formed
groups) and phase 2 (systematically formed groups). These results are fully discussed
in Sect. 4. RQ 2 was assessed by analysing the grades and historical data that was
available for all the courses that used the AMEISE environment to teach software
project management between 2006 and 2016. The group outcome (grade) is a weighted
composite of a number of factors that were kept the same in both phases (for more
details, see a previous paper [2]). Both research questions are addressed in the large-
scale study reported here, designed and conducted at the University of Klagenfurt and
the Technical University of Kosice in 2016.

To address both research questions, two separate examinations were carried out.
Research question one was addressed by analysing the results of the experiment as
described above. During both phases, participants conducted a full AMEISE simulation
which was assessed at the end of the course. A total number of 69 groups completed a
software project management assignment and each group received grades on a scale
between 1.0 and 5.0 (1 = excellent, 2 = good, 3 = passed, 4 = satisfactory, 5 = fail).
The data collection process and determination of individual characteristics (skills and
personality) remained the same as in our pilot study [2].
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Fig. 2. (a) Box plot of the group outcomes of randomly formed groups in phase 1 (to the left,
n = 69 groups) and systematically formed groups in phase 2 (to the right, n = 69 groups) and 140
individuals. (b) Box plot of grades achieved in software project management lectures at the
University of Klagenfurt using AMEISE between 2006 and 2016 (left, n = 666) and 2015
(middle, n = 22) and in 2016 (right, n = 69).

RQ2 was addressed by examining historical data of 2,397 software engineering
students (961 groups) enrolled in a software engineering course at the Alpen-Adria
University of Klagenfurt (59 groups) and the Technical University of KoSice in Slo-
vakia (532 groups) over an observation period of 12 years. The remaining 370 groups
were enrolled in the same course at other institutions. The students worked on their
assignment mostly in pairs and triads, and in Klagenfurt some of the students had, due
to their software engineering focus, a slightly higher previous knowledge in project
management. During the experiments, when systematic group formation had been
applied, students only knew that they were being part of a scientific experiment, but
they did not know any details about the experiment.

4 Results

RQ1 examines the extent to which the groups’ outcomes can be improved by sys-
tematically reorganising the student groups during a software project management
course. Figure 2(a) depicts at the left the group grades in phase one, in which groups
were randomly formed, as well as the grades of all groups in phase two (the right
boxplot) that were systematically formed. The AMEISE framework determines several
performance measures which are automatically transformed into grades. This scheme is
a well-established assessment method that has been used for ten years. As a result of
our large-scale study, the average group outcomes improved from 3.2 to 2.32, which is
an improvement of approximately 27.5% on average. A comparison of the means
through a t-test using the MATLAB function tfest2 returns additional insight. The / and
p values (representing the test for the null hypothesis) returns h = 1 and p < 0.0001
which tells that our null hypothesis can be rejected at a significance level of 0.0001.
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The median of achieved grades in phase one is 3.25. The 75% percentile is 3.7 and
the upper adjacent (lowest grade) is 4.7. The 25% quartile is 2.7. The best grade
achieved is 1.6. Half of the data (inter-quartile range) lie between grades 2.7 and 3.25.

In phase two, where systematic formation of groups was applied, the grades were
improved. Figure 2(a) shows at the right the grades achieved in phase two. The median
lies at 2.35. The 75% quartile is at 2.9 and the maximum at 4.1, which is the lowest
grade achieved by a group. The 25% quartile is at 1.75 and the lowest value (best
grade) is exactly 1. Half of the data lie between 1.75 and 2.7. From these two box plots,
it can be seen that in phase two, when the systematic formation of groups has been
applied, the notches do not overlap with the notches of the results in phase 1. Krzy-
winski and Altman [16] confirm the medians differ significantly when notches do not
overlap — supporting our hypothesis.

Figure 3 presents the distribution of the group grades in both. These grades were
gathered from the AMEISE simulation framework with possible values between 1.0
and 5.0. Considering the histogram of random groups, it is obvious that this graph
represents a unimodal (one peak) distribution with no outliers that is skewed left. We
have a concentration of the grades among the lower grades, with a small number of
good grades (2, meaning “good” on the Austrian grade scale) and no excellent grade.
The centre of the distribution is around the average grade 3.2. The minimum value,
which is the best grade achieved, is 1.6 and the highest value that represents the lowest
grade is at 4.7. This represents a range of grades from 1.6 to 4.7 which is a range of 3.1.

Distribution of Grades in Phase 1 (Random) and
Phase 2 (Systematic)
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Groups

@
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o

Fig. 3. Distribution of the outcomes of randomly formed groups from the different phases.

Now considering the distribution of the group grades when we applied our
methodology of systematic formation of groups, we can report an improvement of the
grades. The shape of the distribution is still a unimodal distribution that has changed
the skew towards the right. The centre of the distribution is located around the average
group grade 2.3. The minimum value is 1.00, which is the highest possible grade, and
the maximum value is at 4.1. The range of grades remained the same (as in phase one
where groups had been randomly formed); however, as the minimum and maximum
values represent, we can report a shift of the mean to the right.
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RQ2 examines the extent to which the results of the software project management
course can be improved by systematically constructing the groups. To assess this issue,
it is useful to consider historical data from the past years of the same course.

Figure 2(b) presents the achievements of groups between 2006 and 2016, when
random group and self-assigned formation had been applied, as well as the results of
studies when systematic group formation had been applied in 2015 [2] and 2016.

The lower adjacent of the results between 2006 and 2016, and therefore the best
grade achieved, is a 1, which corresponds to an excellent grade. The upper adjacent,
and therefore the lowest grade achieved, is a 5, which corresponds to a fail. The 75%
percentile is at 3.65 and the median is at 2.75. The lower and upper limits of the notch
are about 2.62 and 2.87. The 25% percentile is at 1.95. The inter-quartile range lies
between the grades 1.9 and 3.65.

The lower adjacent of the results in 2015, and therefore the best grade achieved, is a
1.4, which corresponds to an excellent grade. The upper adjacent, and therefore the
lowest grade achieved, is 3.8, which corresponds to a satisfactory grade. The 75%
percentile is at 2.55 and the median is at 2.13. The lower and upper limits of the notch
are about 1.84 and 2.4. The 25% percentile is at 1.7. The inter-quartile range lies
between the grades 1.7 and 2.55.

The lower adjacent of the results in 2016, and therefore the best grade achieved, is
1, which corresponds to an excellent grade. The upper adjacent, and therefore the
lowest grade achieved, is 4.1, which corresponds to a satisfactory grade. The 75%
percentile is at 2.9 and the median is at 2.35. The lower and upper limits of the notch
are about 2.13 and 2.56. The 25% percentile is at 1.75. The inter-quartile range lies
between the grades 1.75 and 2.9. It is worthwhile mentioning that during the study in
2016 a new teaching staff (therefore with little experience) prepared the simulations in
AMEISE, which might have had an impact on the overall results.

Comparing both results from our initial study in 2015 and the large-scale study in
2016 with the data of the past 10 years, there has been an improvement of the outcomes
when systematic group formation has been applied. A comparison of the historical data
of 12 years (the left box plot in Fig. 2(b)) and the results of the study in 2016 (the right
box plot in Fig. 2(b)) through a t-test returns h = 1 and p = 0.0028, which is evidence
that our results can be claimed as statistically significant.

5 Threats to Validity

Validity considers the entire scientific experiment and examines whether the findings
meet the requirements of the scientific method. Before we discuss the details of validity
issues, it is worthwhile mentioning that we kept everything the same between the pilot
study in 2015 [2] and the study that examined research question one in this paper. The
subject was taught by the same academic staff, with an additional teacher in 2016. Also,
the course material including the assignments remained the same.

Internal validity focuses on the examination if each and every step of the experi-
ment follows the scientific method and whether other factors that have not been con-
sidered could have an impact on the results. External validity focuses on the
generalisation of the results to other settings and to other populations.
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Internal validity might be affected by the nature of the experiment, as involving
humans in research studies is a known challenge and we are aware that capturing
individual characteristics through a survey may not accurately represent the skills and
personality types of each participant, especially when the characteristics are self-
perceived. An idea that might provide more accurate individual characteristics could be
a system that collects data of how people perceive others when they interact with each
other. Such a system would enable additional individual characteristics that are not self-
perceived. However, as we have approximately 2,400 students that were included in
our study, we are confident that most students respond carefully and honestly to the
personality tests.

The experiment has been set up in two different phases; there is a possibility that
the improvement of grades has been achieved through a learning effect. However, if the
results have been biased by a learning effect, then this learning effect has influenced all
participating groups on average. Therefore, a possible learning effect can be seen as
irrelevant. An additional issue might be given by the diversity of students’ previous
knowledge. Even if they undergo the same curricula, their previous background and
therefore their skills might have camouflaged impact on our findings.

External validity is certainly an issue of these finding as it cannot be assumed that
these findings can be applied to other settings with a guarantee to achieve the same
results. The settings that have been chosen for our work include two different cultural
environments, one at the Alpen-Adria University of Klagenfurt in Austria and the
second at the Technical University of KoSice in Slovakia.

6 Conclusion and Further Work

The work presented in this paper intended to test our hypothesis and to assess the extent to
which group outcomes can be improved by systematically re-organising the student
groups during a software project management course. The hypothesis has been decom-
posed into two core research questions which have been addressed separately. The find-
ings of both research questions provide results in favour of our hypothesis and therefore
contribute to the body of knowledge.

Research question one considered the improvements of grades by systematically
reorganising the student groups. The findings suggest that there is a statistically sig-
nificant improvement of group outcomes by 27.5% when they are rigorously and
systematically constructed. Research question two considered the improvements of the
software project management course through a systematic formation of project groups.
A comparison of data over ten years showed that the results were significantly
improved on average by 14.6% when systematic formation of groups was applied. The
performance increase is based on simple methods and two central questions in the Five
Factor Model, rather than on complicated artificial intelligence methods.

These findings are promising, as they provide evidence that a systematic formation
of groups might enable business leaders and educators to systematically form their
teams, especially in highly technical environments, and therefore improve the key
performance indicators of their business.
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Teaching staff could systematically form groups of students across different school
levels and therefore increase the learning outcomes of students. A transfer of these
results and further studies in various schools, as well as in semiconductor industry, will
be subject to further work.
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Abstract. Social networks are technology-based applications that enable net-
work members to communicate for mutual benefit. Research evidence has
indicated that social networks can serve as learning delivery platforms that
contribute to positive student learning. In the present study, three similar groups
of students enrolled in an ‘Introduction to Ethics’ course, were exposed to either
Facebook-based, WhatsApp-based or Twitter-based delivery of ethical concepts
on their smartphones. At the end of the course, students were examined on
ethical concepts. They also responded to a questionnaire that examined user-
friendliness, learner motivation and learner satisfaction associated with the
social networks they experienced. Results indicate that WhatsApp students
attained a higher level of achievement than Facebook students who, in turn,
attained higher grades than Twitter students. Additional results indicate that
WhatsApp and Facebook students held more positive impressions of user-
friendliness and learner motivation related to their delivery platforms than
Twitter students. WhatsApp students also held more positive impressions of
satisfaction with their delivery platform than Facebook students who maintained
more positive feelings of satisfaction than Twitter students. Thus, WhatsApp,
and to a lesser extent, Facebook, are associated with enhanced achievement and
positive feelings toward their delivery platforms with Twitter students lower on
academic achievement and affective variables.

Keywords: WhatsApp - Facebook - Twitter - Achievement -
Affective variables

1 Social Networks and Learning

Mobile learning provides more flexibility, mobility, convenience and seamless inte-
gration of data access for students than other online distance learning environments
[1, 2]. Social networks may be defined as applications that utilise mobile learning
technology to enable users to communicate with each other by posting information,
comments, messages, images, etc. [3]. Education and learning are perceived to be
specific topics that can greatly benefit from social networks [4]. Recent studies have
indicated the increasing effectiveness of the contribution of social networks to the
learning process. Gilroy [5] intimated that social networks as educational tools in the
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academic landscape are catching on fast as universities, colleges and schools recognise
the potential that social networks have for learning. Casey and Evans [6] reached the
conclusion that learning via social networking is positively received by students and
contributes to an enhancement of students’ learning performance. According to Alvarez
and Olivera-Smith [7] social networks offer ample and potentially effective opportu-
nities to improve student learning at the university level. Sobaih et al. [8] confirmed
that social networks used in the learning process increase motivation of students and
stimulate study activities.

In summary, it may be said that research literature offers increasing evidence that
supports the notion that social networks contribute to the fostering of student learning
at the university, college and high school levels [9].

1.1 WhatsApp Learning Delivery Platform

One popular application of mobile technology is WhatsApp “instant messaging”.
Aburezeq and Ishtaiwa [10] found that the WhatsApp platform has the power to
enhance students’ learning and Shambare [11] confirmed that WhatsApp is user-
friendly and contributes to the promotion of learning and student satisfaction with the
learning process. Minimol and Angelina [12] intimated that the use of WhatsApp as a
learning tool increases student curiosity and motivation in the learning process.
Echenique et al. [13] contended that all social network tools, but most especially
WhatsApp, are advantageous and facilitate motivation and curiosity in the learning
process.

1.2 Facebook Learning Delivery Platform

Facebook, in addition to being the most popular social network for social groups, has
also become a mobile learning-based learning resource. Isacsson and Gretzel [14] noted
that students valued Facebook for providing an informal and motivating learning
environment. Other research projects have indicated the positive potential of Facebook
as a learning delivery platform at the university level [15]. De Villiers and Pretorius
[16] found that when used as a learning delivery platform, Facebook enhances critical
collaborative thinking and learning motivation. Facebook is also perceived to enhance
student-centered as well as social learning [17]. Mitchell [18] indicated that Facebook-
based learning facilitates language learning of foreign students as well as their cultural
concept learning. Kassem [19] found that the use of Facebook in the Egyptian sec-
ondary educational system led to the narrowing of social gaps between students
studying in general (more elite) and technical (less elite) high schools.

1.3 Twitter Learning Delivery Platform

Twitter is another social network application that has been used as a learning delivery
platform. Junco et al. [20] postulated that the use of Twitter in university courses
enhances students’ learning potential. Other research results [21] indicated that the use
of Twitter at the university level enhances learning collaboration among students,
increases learning motivation, encourages students feel that learning could be “trendy”
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and fun and focuses the attention of students on the topic under study. West et al. [22]
confirmed that use of Twitter for learning delivery leads to a positive effect on students’
achievement as well as enhancing students’ willingness and desire to engage in
learning tasks.

2 Academic Achievement and Social Network Learning

Several research studies have indicated that students’ academic achievement is posi-
tively related to the use of technology-based learning delivery platforms. Ituma [23]
confirmed that university students who were enrolled in courses where learning was
delivered by digital technology had positive perceptions of the learning delivery
platform and were in favour of participating in additional courses where learning was
delivered by technology-based social networks. Harris [15] indicated that learning via
digital social network delivery platforms contributes significantly to improved student
achievement and Chandra and Watters [24] confirmed that learning physics through the
medium of technology-based social network learning delivery enhances students’
learning outcomes. On the other hand, there are studies, such as research conducted by
Gettman and Cortijo [25] as well as Kon Shing and Paredes [26] that cast doubt on the
claim that technology-based social network learning delivery leads to significantly
improved academic achievement. Thus, in the present study, the potential positive
relationship between academic achievement and delivery of learning via WhatsApp,
Facebook and Twitter applications will be examined.

3 Affective Attitudinal Variables and Social Network
Learning

Research studies quoted by Katz [27] indicate that affective (non-cognitive) variables
such as attribution, autonomy, control of the learning process, creativity, curiosity,
flexibility, locus of control, motivation, satisfaction, self-confidence, self-efficacy, self-
image, self-esteem and perception of user-friendliness are some of the major variables
known to positively contribute to enhanced (improved and efficient) language and
concept learning when delivered via social network-based delivery platforms. Fur-
thermore, Katz [27] confirmed the positive relationship of some or all the above factors
with effective social network-based delivery of language and concept learning. In this
study, key affective (non-cognitive) variables, namely perception of user-friendliness,
motivation and satisfaction of students will be examined vis-a-vis their relationship
with different social network learning delivery platforms.

3.1 Perception of User-Friendliness and Social Network Delivery
of Learning

Chapman and Henderson [28] showed that perception of user-friendliness by students
is a vital indicator that assures the quality of a digital learning delivery platform and
Katz [27] confirmed that user-friendliness is a significant attitude that contributes to the
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enhancement of positive attitudes toward learning in a technology-based environment.
Llorente-Cejudo [29] presented expert evaluators’ consensus that confirmed that per-
ceived user-friendliness is a major variable vital for efficient use of different types of
digital technology in the learning process. Thus, students’ perceptions of user-
friendliness of WhatsApp, Facebook and Twitter delivery of learning will be examined
in this project.

3.2 Learner Motivation and Social Network Delivery of Learning

Motivation regarding the learning process is another major variable that leads to effi-
cient and effective learning. Moon [30] contended that information is retained longer if
it is presented in an interesting way and evokes motivation and curiosity. Rosen and
Beck-Hill [31] confirmed that learning delivery that arouses student motivation
enhances the quality of learning and is necessary for learners to successfully utilise
technology-based social network learning delivery platforms. Considering the above
evidence, the contribution of learner motivation towards the use of WhatsApp, Face-
book and Twitter learning delivery platforms will be investigated in this study.

3.3 Learner Satisfaction and Social Network Delivery of Learning

With reference to learners’ satisfaction, Katz [27] found in a comprehensive research
study that one of the key constructs that positively affects student performance is the
satisfaction derived from studying through social network delivery platforms. When
students utilise social networks for their learning, the level of their satisfaction with the
educational process increases as does their performance. Minimol and Angelina [12]
confirmed how student satisfaction with the use of social networks, such as WhatsApp,
Facebook and Twitter in the learning process, leads to higher levels of student
engagement, learning, and success. The above evidence highlights the key relationship
between satisfaction of students resulting from the use of social networks in the
learning process. Thus, in the present study, the comparative learner satisfaction with
the three social network delivery platforms will be examined.

4 Aims of the Present Study

In summary, the aims of the present study are twofold: (a) to examine the contribution
of WhatsApp, Facebook and Twitter learning delivery platforms to students’
achievement; and (b) to investigate students’ affective perceptions of user-friendliness,
learner motivation and learner satisfaction derived from studying via WhatsApp,
Facebook and Twitter delivery platforms. These aims are based on significantly pos-
itive empirical evidence presented by Casey and Evans [6] who described the positive
use of social networks such as WhatsApp, Facebook and Twitter for learning in
communities, and by Shambare [11], who indicated the feasibility of using social
networks such as WhatsApp, Facebook and Twitter as effective learning delivery
platforms.
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5 Method

5.1 Participants

The research sample consisted of 363 first year university social science students
enrolled in a 14-week semester-long mandatory “Introduction to Ethics” foundation
course offered at one of the seven chartered universities in Israel. The sample included
students who came from similar socio-economic backgrounds, and studied in various
departments attached to the Faculty of Social Sciences at the university. All students
complied with university acceptance criteria (national psychometric university entrance
examination and a school-leaving matriculation certificate). All participating students
owned smartphones equipped with WhatsApp, Facebook and Twitter access. The
students were randomly assigned to three comparison groups ensuring similarity of the
groups. The first group of 131 students received their concept definitions via WhatsApp
delivery; the second group of 107 students were sent concept definitions by way of
Facebook delivery; the third group of 125 students obtained their definitions of con-
cepts through Twitter delivery.

5.2 Research Instruments

Two research instruments were administered to the students in this research study:

a. The first instrument was a standardised ethical concept achievement test which was
specially compiled to assess students’ mastery of the 140 ethical concept definitions
studied in the semester-long course (10 concepts sent to students weekly during the 14-
week long course) The test scale ranged from 0-100, the higher grades indicating
higher levels of achievement on the test.

b. The second instrument administered to the participants was a 23-item Likert-type
scale response questionnaire (students responded to a five-point scale with 1 = totally
disagree to 5 = totally agree) designed to examine the attitudes of participants towards
their particular learning delivery platform (WhatsApp, Facebook, Twitter) regarding
their perceptions of user-friendliness (8 items; Cronbach o = .87); learner motivation
(8 items; Cronbach o = .85); and learner satisfaction (7 items; Cronbach o = .89).

5.3 Procedure

Following the establishment of the three comparison groups to which the participants
were randomly assigned, students in the first group received ethical concept definitions
by way of WhatsApp delivery to their smartphones; students in the Facebook group
received identical ethical concept definitions relayed to their smartphones; and students
in the Twitter delivery group received their ethical concept definitions on their
smartphones. The students in the three groups were sent concise definitions of ethical
concepts studied in the course with each weekly list containing 10 identical definitions
delivered via the three respective learning delivery platforms. Thus, each of the stu-
dents received the same 140 academic ethical concept definitions during the 14-week
long course. On completion of the course, the students in the three comparison groups
were administered a standardised ethical concept achievement test to assess their level
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of knowledge and understanding of the 140 definitions sent to them during the course.
In addition, they were administered the 23-item attitudinal questionnaire which
examined their scores on the three attitudinal research factors, namely perception of
user-friendliness, learner motivation and learner satisfaction regarding the learning
delivery platform that they personally experienced during the course (Fig. 1).
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Fig. 1. Example of Identical Philosophical Concept presented on the 3 Platforms
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The research project adhered to the university research ethics criteria and was
approved by the Ethics Committee of the university School of Education.

6 Results

The main aim of this study was to examine the contribution of WhatsApp, Facebook
and Twitter learning delivery platforms to students’ achievement as well as to inves-
tigate students’ affective perceptions of user-friendliness, learner motivation and learner
satisfaction derived from studying via WhatsApp, Facebook and Twitter delivery
platforms. Descriptive statistics as well as results of analyses of variance were con-
ducted to ascertain possible intergroup differences on the four research variables, as
related to the three social network learning delivery platforms, are presented in Table 1.

One-way analyses of variance (ANOVA) were conducted to investigate intergroup
differences on the four research variables. This statistical procedure was chosen as best
suited to assess the differences between the three research groups regarding the rela-
tionships between the different delivery platforms and the research variables. Results
indicate significant differences on achievement scores between students in the What-
sApp, Facebook and Twitter delivery groups. Results of post-hoc Scheffe tests con-
firmed that students in both WhatsApp and Facebook delivery groups attained
significantly higher grades than students in the Twitter group on the ethical concept
definitions achievement test. There were no significant differences between grades of
students in WhatsApp and Facebook learning delivery groups on the concept defini-
tions test.
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Table 1. One-way ANOVA results for achievement, perception of user-friendliness, learner
motivation and learner satisfaction in WhatsApp, Facebook and Twitter learning delivery groups

Variable Group
WhatsApp | Facebook | Twitter F (2,360) | P
Concept achievement | M = 88.40 | M = 87.30 ' M = 81.90 | 170.46 | 0.000
S.D. =3.31S.D. =3.5§ S.D. = 1.79
User friendliness M=369 M=361 M=326 6.41 0.002
S.D. =045/ S.D. =0.53/S.D. = 0.62
Learner motivation |M =3.97 (M =377 |M=23.23 7.00 0.001
S.D. =0.59 S.D. = 0.61 S.D. = 0.71
Learner satisfaction |[M=4.25 |[M =382 |M=3.28 8.80 | 0.000
S.D.=1.24SD.=132SD. =123

Similar significant results were evident from the one-way ANOVAs conducted to
examine intergroup differences on the perception of user-friendliness, learner motiva-
tion and learner satisfaction variables. Post-hoc Scheffe tests indicated that students in
WhatsApp and Facebook delivery groups were characterised by significantly higher
levels of perception of user-friendliness and learner motivation than students in the
Twitter group. No significant differences were indicated in the post-hoc test between
students in the WhatsApp and Facebook groups on these two variables. Regarding the
learner satisfaction variable, post-hoc Scheffe tests confirmed that students in the
WhatsApp group were typified by a significantly higher level of satisfaction than
students in either Facebook or Twitter groups. Results of a post-hoc Scheffe test
confirmed that students in the Facebook group were characterised by a higher level of
learner satisfaction than students in the Twitter delivery group.

7 Discussion

The present study examined the comparative contributions of three social network
learning delivery platforms (WhatsApp, Facebook and Twitter) to first-year university
social science students’ knowledge and understanding of definitions of ethical concepts
studied in a semester-long “Introduction to Ethics” foundations course. In addition, the
study examined the perceptions of the students regarding the user-friendliness of the
three delivery platforms as well as the students’ levels of learning motivation and
learning satisfaction derived from the learning that they experienced in their studies via
the different learning delivery platforms.

Results of statistical analyses of the data collected in this study regarding
achievement indicate that students in the WhatsApp and Facebook delivery groups
attained similarly high grades on the standardised ethical concept definitions knowl-
edge and understanding assessment with students in the Twitter group achieving sig-
nificantly lower grades on the same standardised measure. These results confirm results
of previous research that indicated that both WhatsApp [10] and Facebook [16]
learning delivery contribute to enhanced student learning and achievement. The results
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are congruent with previous results [32] regarding the disadvantages of Twitter delivery
vis-a-vis students’ learning and achievement when compared to the contribution of
other social networks, such as WhatsApp and Facebook, to students’ performance.

Additional results of the statistical analyses regarding the affective attitudinal
variables confirm that students who received their learning content through WhatsApp
and Facebook delivery were characterised by similar levels of perceptions of user-
friendliness and learner motivation that were significantly more positive than the levels
of perception of user-friendliness and learner motivation of students who experienced
their learning delivery via Twitter delivery. These results confirm research findings
about perceptions of user-friendliness and learner motivation especially associated with
WhatsApp [11] and Facebook [14] learning delivery as reported by students who
experienced learning via social networks. A last finding of the present study showed
that students in the WhatsApp delivery group were significantly more positive about
learning satisfaction than students in both Facebook and Twitter delivery groups, with
students in the Facebook group indicating a significantly higher level of learner sat-
isfaction than students in the Twitter group. This result is congruent with research
results reported by Echenique et al. [13] regarding the relative advantage of WhatsApp
learning delivery over delivery by either Facebook or Twitter.

8 Conclusions

It may be speculated that the use of WhatsApp and, to a lesser extent, of Facebook
platforms, can enhance students’ learning achievement significantly more than the use
of the Twitter platform. Moreover, the use of these platforms seems to promote more
positive feelings of user-friendliness, learner motivation and learner satisfaction. This
result can be ascribed to the comprehensiveness of WhatsApp and Facebook styles of
communication which are virtually unlimited when compared to a short communica-
tion style that characterises Twitter. In addition, WhatsApp, more than Facebook and
Twitter, is more hermetically sealed against infiltration of unwanted members who
could disrupt the learning process, with Twitter especially open to infiltration of
members not interested in the learning process.

It also appears that, despite the vast popularity of Twitter as a means of commu-
nication within social communities, students do not rate Twitter as an efficient learning
delivery platform that positively contributes to achievement or positive affective atti-
tudes when compared to WhatsApp or, to a lesser extent, to Facebook as learning
delivery platforms. Thus, it may be concluded from the results of the present study that
students are positive about WhatsApp, and to a lesser extent, about Facebook delivery
of learning regarding key variables such as student achievement, as well as learner
perception of user-friendliness, learner motivation and learner satisfaction. The results
also indicate that Twitter is not considered by students to be as effective as WhatsApp
and Facebook as a medium of learning delivery. On the whole, results of the present
study confirm and emphasise earlier research findings [1, 2] that clearly indicated that
social networks, and especially WhatsApp and Facebook applications, can serve as
viable platforms for the delivery of learning content via mobile learning technology.
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Abstract. Enterprise Social Media Platforms are now commonplace in
organisations. They are argued to bring benefits, like simplifying work pro-
cesses, enhance internal communications and reduce internal organisational
barriers. Such benefits can be obtained on the assumption that employees nat-
urally engage on a platform and share knowledge. But how to and what to share
on an enterprise platform is not always a straightforward task and is a practice
that must be learned through sense-making of sharing. Therefore, this challenges
the assumption that sharing on Social Media Enterprise Platforms can bring
benefits. Consequently, the paper examines the challenges in making sense of
the meaning of the practice of sharing. The paper explores a case study on how a
County Authority in a Nordic country implemented an Enterprise Social Media
Platform and how a group of employees tried to make sense of the practice of
sharing by reflection-on-action. The results show that the employees interpreted
sharing as an informing practice, resulting in information-overload and disen-
gaged users.

Keywords: Sharing - Enterprise social media platforms - Organisation -
Norway

1 Introduction

Over the years, Nordic public organisations have implemented Enterprise Social Media
Platforms (ESMPs). In 2010, the top management in a County Authority (CA) in a
Nordic Country decided to implement one. The main objective was to improve internal
communication and simplify work surfaces. Also, the goal was to motivate the CA’s
employees to replace work practices by transferring work interaction from e-mail to
shared work on the ESMP. The platform was embedded with features facilitated for
sharing of digital items, user profiles, a news feed, groups, possibilities to follow
colleagues, etc. Although the implementation went well, one later experienced a
conundrum. The top management saw an increased volume of shared information, but
the employees did not adopt the practice of sharing as expected, as there were few
traces of collaborative work practices and awareness of an online community.

This paper uses a qualitative research perspective, and asks how a small group of
employees interpret the meaning of sharing and how they use reflection-on-action to
make sense of sharing in an ESMP intended to be the new work surface for roughly
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about 2,800 employees. To answer the research question, this is analysed over the
paper’s five parts. The next section addresses a relevant research horizon, the subse-
quent part outlines methods. Thereafter, the research findings are presented, and the
final part concludes the analysis.

2 Relevant Research Horizon

In short, sharing on social media can be defined as the act to post information. Over the
last decade, researchers have tried to conceptualise the meaning of sharing in organi-
sations without having a clear understanding of what is actually shared [1]. In early
studies, for example, sharing on Knowledge Sharing Platforms was understood as
information that could be coded, stored, and be retrieved by employees. Also, studies
focused on making assumptions on knowledge sharing and establishing technological
definitions of communities [2]. Scholars explored the conditions and requirements
essential to making online communities thrive [3], what characterises “knowledge” [4],
distinguishing what motivates users to share knowledge [5], and what role cultural
values [6] and social capital play in knowledge sharing processes [7]. This led to an
understanding of sharing as a controlled process, omitting that a knowledge-sharing
process is an active and relational communication process between two parties [8].
With the arrival of ESMPs, researchers mapped the impact of these technologies,
raising new questions about what is to be shared and how to perform sharing.
A growing ESMPs research stream shows different experiences. For example, studies
find that employees use ESMPs to connect and expand professional networks [9] and
researchers chart basic user patterns [10, 11]. Also, researchers examine the challenges
of adopting ESMPs. Studies demonstrate how employees still prefer to communicate
via e-mail and chat and silently monitor news streams [12]. Experimental papers have
used the affordance concept to theorise what benefits ESMPs can provide to understand
organisational processes like socialisation and the organisation of work processes [13].

Lacking within the above research stream is an updated learning perspective on
how knowledge workers learn the practice of sharing, to organise knowledge work.
This analytical perspective can be developed by combining the concepts of reflection-
on-action, [14] and situated learning [15], viewing them in the light of the learning
theory for the digital age, connectivism [16]. Connectivism draws up a number of new
principles for learning but assumes that knowledge resides outside us in forms of social
structures like databases and in nodes of complex social networks. This means there is
a need to focus more on pattern recognition; and the way in which knowledge workers
interact on ESMPs can be understood using network learning approaches. This argu-
ment is indeed relevant, as knowledge workers interact in a social context characterised
by complexity and chaos, which can easily lead to information overload. Confronted
with a new disrupted work context, the attention is redirected to how workers can apply
a skill set that forces them to reflect on their action in interactive situations on ESMPSs.
This perspective does not appear to be developed in the current research literature on
ESMPs.
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3 Methods

The study used a qualitative research strategy, following an explorative research
design. The motivation for using it was to gain in-depth knowledge on how the practice
of sharing is interpreted and performed on an ESMP by users. The study’s main
method was the use of qualitative research interviews following the principles outlined
by Brinkmann and Kvale [17]. Brinkmann and Kvale argue that qualitative research
interviews can be used as a means to learn more about a particular phenomenon. Eight
singular in-depth and open qualitative research interviews were conducted with eight
different people working in the CA. The interviews were one-to-one, meaning that only
the researcher and the informant were present in the interview setting. The interviews
were semi-structured with the use of a guide and lasted an hour. Each interview was
recorded on a digital audio recorder and covered topics that focused on sharing. After
completion, the research interviews were transcribed. The data analysis was inspired by
an open coding strategy of the interview data, where the main focus was on finding
emerging patterns. The participants’ perceptions, user patterns and experiences were
compared and grouped, with reference to how they used the ESMP. In order to offer the
participants a voice, direct quotations are used in the data presented. Data were col-
lected in May 2013 and April 2014.

4 Research Results

The results from the data analysis consists of four themes. The themes are based on an
interpretive analysis of the participants’ use of the ESMP and shows how they use a
reflection-on-action approach to frame the organisation of knowledge work.

4.1 Theme 1: Sharing as an Enabler for Organisational Change

The first theme relates to how sharing is interpreted as an enabler for organisational
change, which is framed from a top management perspective. Here, sharing was used
to solve a problem in CA. The motivation for the implementation was to cope with a
challenge seen in organisations - e-mail overload and use of various ICTs.

The top-management aimed at simplifying the work surface, as employees worked
across several information and communication technologies (ICTs) and stored infor-
mation in various places. This made it difficult to get an overview. A single site was
needed, which could work as the central access point connecting the employees.
Introducing an ESMP could resolve the matter, but a new interface would break a work
pattern. While the intranet was run as an internal web site, the new design suggested
that the ESMP should be the site an employee opened each day with embedded sharing
features and URL-links to various information technology (IT)-systems. Afterwards, a
discourse emphasising the importance of a sharing culture emerged:

“It was acknowledged that we needed something that could enable us to work with the culture
across [the organization], knowledge of each other’s work. My responsibility has been to
legitimize sharing in the management structure. Parallel to that, we made attempts to raise
discussion about organizational culture and work processes internally. Should we establish a



234 H. Haugsbakken

greater sharing culture, in the sense that people can easily participate in and reinforce each
other’s work, or take part in reports, or take part in other kinds of things, take part in the
knowledge we have, this requires a culture where [people] actively share”.

Translating sharing into a practice proved difficult, as it surfaced as ambiguous:

“It sounds very good. It has a positivity to it, when it’s presented, but not so great when you try
it out in practice. You didn’t know exactly what it was. There was this belief that we should
change the work culture”.

Later, this awareness amplified. The ESMP initiators realised that the employees
seldom started a work process by beginning from scratch—by creating a document that
everyone can engage in, for example—but viewed sharing as an informing practice of
circulating ready-made documents. Sharing was linked to previous publishing habits.
The employees were accustomed to an “article format”, meaning that postings on the
ESMP had a “news story” label attached to them. User interaction was characterised by
seeing the ESMP as a channel where information was “pushed out”, not a platform
where one engaged in a two-way dialogue. The employees fulfilled activities that
required little commitment, like posting a profile picture, writing status updates, etc.
Beyond that, there was little evidence that users participated to share:

“Ninety percent of the information posted on the ESMP is not something that we 've published.
It’s made by the organization. People share when documents are finished. You don’t see many
examples where people collaborate on a document, which is part of a work process. That’s
where we struggle”.

4.2 Theme 2: Sharing Viewed as Self-censorship and Risk-Taking

The second theme shows that sharing is associated with self-censorship, as the
employees used private and previous experiences from engaging on social media to
establish views on sharing. For example, the participants viewed Facebook as a site for
“scrolling after fun stuff and setting likes” and Twitter as a place where “you only send
URL-links to news you have already read”. Not surprisingly, monitoring online
grooming and gossiping for years on social media generated scepticism, producing a
belief that sharing is seldom seen as a public two-way communicative practice, but as a
means to monitor what others do, although the participants acknowledged the benefits
of sharing. Hence, sharing is practiced on the basis of being informed and to inform
rather than to engage, meaning that personal branding and information about oneself
disregards participation on the ESMP. Instead, one should share “interesting” and
“relevant” items, implying that the value of what can be shared has to be informative
and of high quality.

So, the experiences mentioned above create certain boundaries for how one should
engage. For example, the participants remarked that appropriate items need to be
“work-related”, setting standards for what internal communication should be like.
Sharing on the ESMP should be a safe matter as no external audience has access.
Findings show otherwise. In fact, sharing is risk-taking, which was expressed in the
participants’ views on how they are willing to make a work process transparent to
others:
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“I don’t have a problem with posting something that is not one hundred percent complete.
I would have made it clear that this is “work-in-progress” and I want feedback”.

We find examples that sharing can have greater risks, as participants can be criti-
cised. Publishing unfinished work can create misunderstandings:

“One thing is that some of us find it a bit uncomfortable to share things that are not finished,
because then we get criticized. If things are just published and not finished, it can cause harm
because it creates sanctions on something that it was not intended to be. We have specific
discussions within our work areas, documents concerning the management side and on the
political aspects, which we publish. When things are at a certain stage, a working document, it
is not intended that everybody should see it”.

Data show that participants seek “approval” from their managers to publish content
and do not want to be held accountable for what they share. Rather than deciding
independently, as the basis for sharing a document, the participants enforce a quality-
safety practice where they “ask permission” from someone in the management
structure:

“Things that are unfinished and not approved can create panic, when it is a different figure
from what you think is going to be on paper. If we begin to rewrite the CA’s economy and
everyone can read it, there will be something new to most people. People absorb it, even when
it is wrong. It creates a lot of “storm” in your organization, if it is not correct”.

4.3 Theme 3: Sharing in Separate Digital Eco-Systems

The third theme illustrates how sharing is accepted when using social media as part of a
work practice, showing sharing of work beyond the ESMP. This shows how employees
create “separate digital eco-systems”, which are used when they perceive that the
ordinary ICTs the CA provide are not sufficient to perform their work, a technology
adoption taking place “under the radar” of the IT department.

Looking at practice, an informant explained how they combined Dropbox and
Google Drive to complete a public procurement. In several cases, the CA works
together with the neighbouring municipalities. Here, the CA takes on the role of the
leading organiser and acts on behalf of many municipalities to achieve greater benefits.
This requires collaboration with colleagues in other municipalities. In this regard,
colleagues in municipalities can have different needs and competences, which can lead
to long e-mail exchanges and many attached documents. And one can lose the over-
view. Instead of sending e-mails with attached documents back and forth, they com-
bined various applications to make the work simpler:

“We created a Dropbox account because we don’t have the same e-mail system or share the
same case management system. You don’t get Dropbox solutions on the PCs here. The IT
department thinks it’s unsecure, [lacking] information security. We need tools to do our job, so
we ended up defying that a bit and we downloaded the software to our PCs. I used Google
Drive to share documents more efficiently than by e-mail”.

Another example is how Facebook groups are used as information repositories or as
a mean to reach particular groups who use the welfare services of the CA. Here, one
does not find examples of practice showing sharing between several parties, but how
Facebook groups are used as public bulletin boards. Again, sharing is an informing
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practice. One employee was a representative in a worker union and interacted with
representatives from other CAs. As part of it, they created a Facebook group which
enabled them to stay in contact and inform each other:

“I had contact with others with the same role in other CAs. We used the Facebook group to
share information that was more or less of the same nature. It was a way to share knowledge on
issues of health and safety at work”.

An employee explained how they created a Facebook group to communicate with
high school students. As students are in the social media landscape, one concluded that
they also needed to be present there in a similar way. After some years of use, the
Facebook group is used as a public bulletin board:

“It runs every day. We don’t get many requests. We publish when we have specific information.
We were unsure whether it would be an active user channel. I think it’s going to become that in
the long run”.

4.4 Theme 4: Sharing Performed as an Individual Informing Strategy

The fourth theme shows how sharing is practiced as an individual informing strategy
where it is enacted as a “push-of-information”, which discourages internal communi-
cation on the ESMP. Sharing is rarely practiced as part of a two-way communication
process but turns into an informing practice where users publish information that is
already stored elsewhere. This creates situations where participants share information,
but experience that nobody responds to their sharing. Thus, sharing has little benefit.

This is exemplified by analysing a feature created for sharing on the ESMP, the so-
called “rooms”. The room feature is a space for collaboration. Generally, the data show
that all participants adopted the rooms to perform simple assignments, but afterwards
they experienced challenges. Firstly, the participants created rooms and registered
members who worked in the same department or who worked in the same field as
themselves. Secondly, findings indicated that uploaded documents were republished
information which was already stored in other sites. Also, employees seldom created
new documents and started to co-write them in real-time, but they instead uploaded
approved documents that were only read for notification purposes. Thirdly, the par-
ticipants reported little interactivity, like participating and reading discussions. In sum,
the participants saw the rooms as information repositories rather than sites for
collaboration.

Later, employees with super-user status—users with administrative roles in the
rooms—tried to stimulate interactivity and adopted individual strategies to promote
engagement. Looking at practices, a super-user adopted an “online gardener” strategy.
She tried to encourage co-workers to engage in the two rooms she administrated. This
role-performance is not dissimilar to an automated e-mail notification feature, which is
generated when there has been interactivity in a knowledge repository. The user
extended this strategy and took on the role of a “sharer-and-pusher of information”,
which consisted of sending friendly e-mail reminders when she uploaded something:

“I send an e-mail to everyone who has an interest. Then, I share information with them that it’s
posted on the ESMP. I invite them to follow the room. I think I've been sending reminders for a
year”.
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She informed across multiple channels too, but afterwards questioned the value of
sharing. She did not know if what she shared was used, a thought shared by another
informant:

“I note that there are not many who follow the rooms, after many invitations to others who I
think might have an interest in it. Then, do we spend unnecessary time on posting information
that people do not read?”

This raised a question of whether the rooms are used in the intended way. For
example, after uploading, this informant received telephone calls from co-workers:

“I often get the question, if I also can send them an e-mail, when there is new information in the
rooms. We have decided on that, no, we don’t send an extra e-mail. We put it out there and then
people must seek it out themselves. 1 feel that people don’t pay attention to all that is posted in
the rooms”.

This user-experience shows a gradual disengagement from sharing, as it vanishes
and is overtaken by other assignments seen as more important to complete:

“We have two rooms. I post a lot of information in them. But I do not use the opportunity to
follow other rooms, as I had hoped and thought I would. It disappears into my daily work life.
When I need information, I don'’t find it with the search mechanisms that we have today as we
had with the old intranet, although there is more information out there now”.

Informing over a long period of time creates an awareness that sharing has an
embedded information overload problem attached to it. This is illustrated by repeatedly
performing an informing practice wherein users redirect information that is stored
elsewhere, for example on servers or local folders; but they observe that the infor-
mation is redistributed many times in the rooms. Making information available to
create transparency thus leads to other results:

“The intention with the ESMP was that we should move away from local storage of information
in our own local folder structures. Everything was to be stored on the ESMP. I'm skeptical of it,
because it is such a vast amount of information that it makes it difficult to identify what is
relevant. We end up with huge hits when we search, and we spend a lot of time on finding out
what is relevant. The most concerning thing, however, is that it has become such a huge volume
of information”.

Exposure to too much information leads to users enforcing a personal filter and
returning to established work principles like using email to communicate, leading to
disengagement and a disapproved view on sharing:

“In the start, when it was brand new, I tried to make use of any opportunity. We had the
possibility to create rooms. But afterwards, I failed to follow up all that. In neither the rooms [
administer, did I manage to develop anything. I'm rarely there and don’t check the rooms I am
a member of”.

This user saw the rooms as an opportunity to create better conditions for interaction
with the high schools with which she has frequent contact as part of her work. Much of
the daily contact with them consisted of sending general information. Instead of
sending all of that via e-mail, it could be transferred to the rooms, but later the good
intentions faded out:
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“I haven't had time to prioritize the rooms. My workday is packed with “to-do tasks”. To sit
down to try to use the possibilities and communicate in the rooms, has instead led me not doing
that. Now, I don’t bother checking notifications from the rooms I administer or follow or what
my colleagues have written in their status updates. I skip that very fast and I go directly to check
my e-mails”.

The pattern of disengagement was found in another experience. This user explained
that the challenges of generating engagement were related to the ESMP’s user interface
itself. For example, it was difficult to ascertain whether the rooms were used by others
as there was no panel to show the numbers of visitors. The user also argued that the
information shared in the rooms was already available and ready-made in other spaces,
which meant that co-workers had it stored in their e-mail inbox:

“The challenge is that there are too many rooms. It’s almost like we have a room for each
employee. Then you have to click around a great deal before you find [what] you're looking

for”.

As the participants were uncertain to what extent sharing in the rooms had benefits,
other experience indicated otherwise. A user working with accounting explained that
the rooms are a “manual”. She was an active user and saw the benefit of retrieving and
finding information that had been shared by others:

“For example, I'm working in the accounting system and I find out that I need to get hold of a
manual or retrieve information on an account. I go on the ESMP. There, I locate documents or
things that are written about the case I'm working on. I'm a member of all the rooms that have
something to do with accounting, a factor allowing me to know what we’ve posted and what
others ask about”.

The rooms were beneficial in different ways. For example, they were information
depositories, where one could find quick answers, as they narrowed down the need for
searching. Alternatively, this employee would have to search for the same information
in larger web-based databases:

“They are part of a knowledge you can easily use. In accounting, there are clear definitions,
clear rules for use. Things that are not so relevant one day, I often get information about in
advance. But then I get questions from colleagues working in other departments, who ask about
a deadline. What date is set as a deadline for the final reporting? Now, I know where I can
quickly get and give an answer back on that. It’s not necessarily that I have that knowledge in
my head, but now I have good knowledge of where the answer is located”.

5 Conclusion

In short, research on ESMPs is still in its infancy, but it shows that employees in
organisations use ESMPs for online social interaction like connecting and expanding
professional networks [9]. Also, researchers have charted basic user patterns [10, 11,
18] and examined the challenges of adopting ESMPs. A number of studies have tried to
theorise the material understanding of ESMPs, like expanding our understanding of the
concept of affordance. This has been used to hypothesise what potential benefits
ESMPs can provide to grasp organisational processes like socialisation and the
organising of work processes [13, 19]. Missing from the ESMP research stream is a
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learning perspective on how users learn to share knowledge. This can be established by
looking at the main finding from the study, which suggests filling a gap in the research
on ESMPs.

Throughout the analysis, we can establish a contradiction, which is often on display
in unsuccessful implementations of new technologies in organisations — end-users do
not use the technology as intended. This study finds that an ESMP, intended to simplify
the work surface among employees in a public organisation in a Nordic country, gives
opposite outcomes among the end-users. Sharing, introduced as a new workplace
principle, expected to create transparency and enhance internal communication, creates
disengaged users. Instead, sharing is learned to be a practice that is difficult to master,
an aspect that is learned by the participants when they attempt to engage on the ESMP
and use features facilitated for sharing. In fact, they learn by reflecting on their actions
that they seldom engage in a two-way communication process where knowledge is
created by collaboration. Rather, they perform an informing practice to fulfil the goal
of sharing. This informing practice, which is an essential ingredient in creating a
knowledge-sharing process, is performed on the premise of informing an audience and
to be informed. Moreover, the informing practice is seldom the start of a knowledge
process where two users exchange information to create knowledge, for example.
Instead, the practice of sharing is a republishing of ready-made and approved official
documents found elsewhere in the CA, creating an information overload problem.
Furthermore, this gives clues to what is shared, which in this explorative case study
relates to information that is already known to an organisation. Sharing proves to be
challenging and is associated with great risk-taking for those carrying it out, leading to
the enforcement of self-censorship and the construction of separate and private
workplaces that the participants deem beneficial to complete their work. In contrast, the
users institute personal filters and return to work surfaces which they believe “works”,
which in most cases is e-mail. In other words, the meaning of the practice of sharing on
the ESMP found in this case study is performed as an informing strategy and used to be
informed.

References

1. Ardichvili, A., Page, V., Wentling, T.: Motivation and barriers to participation in virtual
knowledge-sharing communities of practice. J. Knowl. Manag. 7(1), 64-77 (2003)

2. Chen, C.J., Hung, S.W.: To give or to receive? Factors influencing members’ knowledge
sharing and community promotion in professional virtual communities. Inf. Manag. 47(4),
226-236 (2010)

3. Yoo, W., Suh, K., Lee, M.B.: Exploring the factors enhancing member participation in
virtual communities. J. Glob. Inform. Manag. 10(3), 55-71 (2002)

4. Usoro, A., Sharratt, M.W., Tsui, E., Shekhar, S.: Trust as an antecedent to knowledge
sharing in virtual communities of practice. Knowl. Manag. Res. Pract. 5(3), 199-212 (2007)

5. Ardichvili, A.: Learning and knowledge sharing in virtual communities of practice:
motivators, barriers, and enablers. Adv. Dev. Hum. Resour. 10(4), 541-554 (2008)

6. Ardichvili, A., Stuedemann, R., Maurer, M., Wentling, T., Li, W.: Cultural influences on
knowledge sharing through online communities of practice. J. Knowl. Manag. 10(1), 94-107
(2006)



240

7.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

H. Haugsbakken

Chang, H.H., Chuang, S.S.: Social capital and individual motivations on knowledge sharing:
participant involvement as a moderator. Inf. Manag. 48(1), 9—18 (2011)

Kosonen, M.: Knowledge sharing in virtual communities - a review of the empirical
research. Int. J. Web Based Commun. 5(2), 144-163 (2009)

. Steinfield, C., DiMicco, J.M., Ellison, N.B., Lampe, C.: Bowling online: social networking

and social capital within the organization. In: Proceedings of the Fourth International
Conference on Communities and Technologies, New York, NY, pp. 245-254 (2009)
Zhao, D., Rosson, R.: How and why people Twitter: the role that micro-blogging plays in
informal communication at work. In: The International Conference on Supporting Group
Work, Sanibel Island, FL, pp. 243-252 (2009)

Zhang, J., Qu, Y., Cody, J., Wu, Y.: A case study of micro-blogging in the enterprise: use,
value, and related issues. In: Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems, Atlanta, GA, pp. 123-132 (2010)

Liders, M.: Networking and notworking in social intranets: user archetypes and
participatory divides. First Monday 18(8) (2013)

Leonardi, P.M.: Ambient awareness and knowledge acquisition: using social media to learn
“who knows what” and “who knows whom”. MIS Q. Exec. 39(4), 747-762 (2015)
Schon, D.A.: The Reflective Practitioner: How Professionals Think in Action. Basic Books,
New York (1983)

Lave, J., Wenger, E.: Situated Learning: Legitimate Peripheral Participation. Cambridge
University Press, Cambridge (1991)

Siemens, G.: Connectivism: a learning theory for the digital age. Int. J. Instr. Technol. Dist.
Learn. 2(1) (2005)

Brinkmann, S., Kvale, S.: InterViews: Learning the Craft of Qualitative research
Interviewing. Sage, Thousand Oaks (2015)

Ehrlich, K., Shami, N.S.: Microblogging inside and outside the workplace. In: Proceedings
of The Fourth International Conference on Weblogs and Social Media, Washington, DC,
pp- 42-49 (2010)

Oostervink, N., Agterberg, M., Huysman, M.: Knowledge sharing on enterprise social
media: practices to cope with institutional complexity. J. Comput.-Mediat. Commun. 21(2),
156-176 (2016)



Self-Assessment, e-Assessment
and e-Examinations



q

Check for
updates

The Application of Anchoring Vignettes
in the Analysis of Self-assessment of ICT Skills

A Pilot Study Among Czech Secondary School Students

Hana Vonkova, Miroslava Cemochové(g), Hasan Selcuk,
Jan Hrabak, and Katefina Kralova

Faculty of Education, Charles University, Prague, Czech Republic
{hana. vonkova,miroslava. cernochova, hasan. selcuk,
katerina. kralova}@pedf. cuni. cz, kabarh.naj@seznam. cz

Abstract. This paper presents pilot study findings of a research project about
the application of anchoring vignettes in the analysis of Czech upper secondary
school students’ self-assessment of ICT skills. The pilot study was conducted in
December 2017 with 166 respondents from four different types of upper sec-
ondary schools. Anchoring vignettes, which are brief texts describing hypo-
thetical people who illustrate a certain level of the trait of interest (e.g.
information and communication technology (ICT) skills), is a method imple-
mented to identify response scale differences in survey questions and to adjust
self-assessments caused by response scale differences. Methodologically, as
there are only a few examples of the application of this method in the self-
assessment of ICT skills and also in educational research, this pilot study has
enabled the researchers to test how comprehensible a questionnaire with a set of
vignettes was for the upper secondary school students. This enhanced research
method based on anchoring vignettes will be used for the main study in spring
2018. The pilot study findings confirmed the high variability of the use of scale
for respondents’ self-assessments and vignettes.

Keywords: Information and communication technology - Self-assessment -
Anchoring vignette + Upper secondary schools

1 Introduction

This paper presents pilot study findings of a research project about the application of
anchoring vignettes in the analysis of Czech secondary school students’ self-
assessment of ICT skills. As explained by King et al. [1], anchoring vignettes is a
method to identify response scale differences in survey questions and to adjust the self-
assessments caused by response scale differences. For example, when students are
asked to self-assess their ICT skills in a survey question on a scale of 1 to 7 (1 being the
lowest and 7 the highest), students might either overvalue or undervalue their ability in
the self-assessment. Hence, anchoring vignettes, which are brief texts describing
hypothetical people who illustrate a certain level of the trait of interest (e.g. ICT skills),

© IFIP International Federation for Information Processing 2019
Published by Springer Nature Switzerland AG 2019

D. Passey et al. (Eds.): OCCE 2018, IFIP AICT 524, pp. 243-252, 2019.
https://doi.org/10.1007/978-3-030-23513-0_24


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23513-0_24&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23513-0_24&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-23513-0_24&amp;domain=pdf
https://doi.org/10.1007/978-3-030-23513-0_24

244 H. Vorkova et al.

enable researchers to identify response scale differences in self-assessments and thus, to
adjust them.

Since the early 2000s, the anchoring vignette method has been implemented in a
variety of areas of research, such as political efficacy [1], work disability [2], job
satisfaction [3], health [4-6], health system performance [7], life satisfaction [8], and
satisfaction with social contacts [9]. However, there are only a few examples of the
application of this method for educational research. Regarding one of these, Buckley
and Scheider [10] implemented anchoring vignettes when investigating charter schools
in the United States of America (USA) and parents’ satisfaction with different types of
schools. Vonkova and Hrabak’s study [11] focused on Czech upper secondary school
students’ self-assessment of ICT knowledge and skills through the anchoring vignette
method. Moreover, Vonkova et al. [12] investigated Czech lower-level secondary
school students’ self-assessment of dishonest behaviour in school by using the
anchoring vignette method. Von Davier et al. [13] examined the effects of vignette
scoring on reliability and validity of student self-assessment, according to the Pro-
gramme for International Student Assessment (PISA) 2012 dataset. He et al. [14]
conducted a study on effects of this method on comparability and the predictive validity
of student self-assessment in 64 countries based on data from PISA 2012. Vonkova
et al. [15, p. 3] looked into cross-country heterogeneity in students’ self-assessment of
their teacher’s classroom management also based on the PISA 2012 dataset and they
found that the anchoring vignette method was potentially a useful tool to enhance the
comparability of the self-reported measures in education. To contribute to research in
the field of education, we have conducted a study aimed at designing an enhanced data
collection method based on anchoring vignettes to explore different realms in educa-
tional research, such as digital literacy.

2 Literature Review: The Application of Anchoring Vignettes
in the Self-assessment of ICT Skills

This section presents a review of existing studies that are pertinent to the application of
anchoring vignettes in the self-assessment of ICT skills in the context of education.
Before moving to reviewing the existing studies, it is worthwhile mentioning the
European Computer Driving Licence (ECDL) foundation study [16], which highlighted
how people’s self-assessment of their ICT skills can be different from their actual
ability. The ECDL foundation’s study was conducted in five European countries,
namely Austria, Denmark, Finland, Germany and Switzerland, to identify people’s ICT
skills. Respondents (aged 15-64 years) were given a questionnaire in two parts, with
the first focusing on self-assessment of ICT skills, and the second testing their real
level. The findings of the study showed that in all the countries surveyed, respondents
overestimated their ICT skills. Taking into account the study of the ECDL foundation
[16], we suggest that anchoring vignettes could provide dependable findings from
respondents’ answers with respect to self-assessment in surveys.

Regarding studies that have applied anchoring vignettes in self-assessments,
Vonkova and Hrabak [11] compared the ICT knowledge and skills of two distinct
groups of upper secondary school students by examining their self-assessed perspective
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on these, both before and after the anchoring vignette adjustment for the different usage
of scale. The study findings revealed that the anchoring vignette method enabled the
researchers to distinguish between the two groups of students’ differences in terms of
scale usage and showed how adjusted self-assessments corresponded to the assumed
level of students’ ICT knowledge and skills. Cerna [17] investigated the self-
assessment of undergraduate university students’ ICT knowledge by applying the
anchoring vignette method. Respondents were students from the Faculty of Education
at Charles University and specialised in three different study programmes (information
technology (IT), social science, and mathematics). The findings of Cerna’s study
showed significant differences between respondents’ self-assessment and their assumed
actual ICT knowledge. Moreover, the author found that those who study IT as their
specialisation in education have a greater tendency to exaggerate the level of their ICT
knowledge compared to other respondents studying different subject areas.

3 Pilot Study Methodology

3.1 Aims of the Pilot Study

Generally, a pilot study refers to “a small-scale version or trial run, done in preparation
for the major study” [18, p. 467]. As described by Vogt [19], it can be considered as a
‘dress rehearsal’ to identify any possible problems before undertaking the major study.
The main aim of our pilot study was to inform and design the main study methodology,
specifically to test the feasibility of the data collection method, which consists of a
questionnaire with a set of vignettes focused on self-assessment of the ICT knowledge
and skills of young people.

In the pilot study, we aimed to test how comprehensible our questionnaire was for
upper secondary school students, who are at Year 1 (age 15 years) and 4 (age 19 years).
The pilot was conducted in December 2017 among (N = 166) students from four upper
secondary schools in the Czech Republic. Experiences gained from the pilot study were
then used in the main study, conducted in spring 2018 with a representative sample of
2,600 students from 56 secondary schools in the Czech Republic.

3.2 Procedures of Developing the Data Collection Method

“The aim of the anchoring vignette method is to clear/correct the self-assessment of
respondents so that they can be comparable” [20, p. 14]. Respondents in the area (in
our case ICT skills and knowledge) use a self-assessment question, as well as evalu-
ating hypothetical people described in a short story (anchor). The presented verbal
characteristics of hypothetical people in vignettes in the case of categorical assessment
scales can be evaluated by different respondents in different ways. Respondents’
answers to self-assessment can be affected by the different use of scale categories. For
example, respondents with a lot of ICT experience and a deep interest in ICT can use
different scale categories for evaluating a given level of ICT knowledge than beginners
and ordinary ICT users. Our main data collection method was a questionnaire, which
consisted of a set of anchoring vignettes and fixed-choice questions to obtain
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background information about each respondent (age, sex, school, grade in ICT sub-
jects, field of study, interest about ICT, participation in programming or informatics
competitions, number of hours spent on a computer at school or at home, respondents’
use of ICT within different types of activities, parents’ education and parents’ use of
ICT in their job or free time). Briefly, in our pilot study, we used one self-assessment
question (S) and three vignettes (V1, V2, V3), with a scale of 1 to 7 (1 — the lowest
level and 7 — the highest level).

In the vignettes designed for our pilot study (see Table 1), we focused on five
domains of computer literacy (information and data literacy, communication and col-
laboration, digital content creation, safety, and problem-solving) in accordance with the
concept of digital literacy, as defined in DigComp (see [21, pp. 8-9]).

Table 1. Overview of the self-assessment question and three vignettes

General self-assessment How do you evaluate your knowledge and skills in ICT?
question (S) Note: the following was applied to each of the vignettes below:
Use a scale of 1 to 7 (1’ being the lowest and ‘7’ the highest)

Vignette 1 (V1) Filip can work with texts and charts with the use of basic
functions available from the ribbon. He saves his files on a
desktop, he doesn’t use sharing or cloud saving, but instead,
sends the files via email. He uses the same password for the
social network, email, etc. accounts. If he encounters any
problem while working on a computer, he usually asks his friend
for help

Vignette 2 (V2) Kiristin can process texts and charts with the use of advanced
functions (e.g. created personal styles, automatic table of
content). She goes in for creating graphics (designing business
cards) and short original footage, which she shares on YouTube.
She doesn’t post any sensitive information on social networks. If
she encounters any problem while solving a task, she searches for
an instruction on the internet and determines the solution
procedure with its help

Vignette 3 (V3) Adam can process texts and charts with the use of advanced
functions. He is able to program his own functions for more
difficult tasks. He goes in for computer graphics (designing
posters), creating footage and programming websites. He
manages two Facebook groups and verifies the credibility of the
shared posts. He uses multi-layered security (SMS verification)
for his accounts on the internet

In formulating the vignettes, we presented stories that would be comprehensible to
students in the social sciences areas as well as the students of technical fields, including
IT specialisation, in addition to being accessible to the two chosen age groups (Year 1
aged 15-16, and Year 4 aged 18-19 years). The vignettes should be understandable to
all respondents also from a curricular point of view (note that in the Czech Republic,
the current curriculum for ICT subjects does not cover all domains of DigComp).
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The level of ICT skills and knowledge presented in vignettes is as follows: V1
describes a basic level (Filip’s knowledge and skills in ICT correspond to the
knowledge of a basic school graduate in the Czech Republic). V2 describes a more
advanced level (Kristin uses ICT for creative activities and some problem-solving; she
behaves safely on social networks); the majority of respondents from all secondary
schools should achieve this level. V3 describes highly advanced ICT skills and
knowledge beyond curriculum requirements (programming additional functions for
more difficult tasks, programming a website, using multi-layered security, etc., which
are not included in the curriculum for general education). This vignette should mainly
distinguish students with ICT specialisation. By providing a score on the self-
assessment question and for all three vignettes in Table 1, students provided a personal
rating and calibration points for inter-participant comparison.

3.3 Procedures of Data Collection

We gathered data in December 2017 through an on-line questionnaire from 166 stu-
dents of Year 1 and 4, attending four different public upper secondary schools (see
Table 2): School 1 focuses on general education (a gymnasium) and is located in
Prague. School 2 focuses on humanities and is located in Beroun, whilst School 3 is a
technical school specialising in IT and located in Prague, and lastly, School 4 is a
technical school specialising in transport and mechanisation in Mlada Boleslav. These
schools were not selected at random, so respondents do not represent a representative
sample of the secondary school population. However, these schools represent different
specialisations among Czech upper secondary schools. Respondents filled out the on-
line questionnaire at their schools with the participation of the researcher.

Table 2. Characteristics of the pilot schools

Number of respondents | Male | Female | Male | Female | Respondents
(%) | (%) Age | Age Year 1 (%) | Year 4 (%)
School 1| 47 17.0 |83.0 17.3 |16.5 59.6 40.4
School 2| 56 12.5 | 87.5 17.0 |17.6 53.6 46.4
School 3| 38 84.2 | 15.8 17.6 | 16.6 71.1 28.9
School 4 | 25 84.0 |16.0 17.5 |16.7 60.0 40.0
Total 166 41.0 |59.0 17.4 116.9 60.2 39.8

3.4 Procedures of Data Analysis

For data analysis, we used Microsoft Office Excel 2011 and the statistical software
called GRETL [http://gretl.sourceforge.net]. Table 3 shows how all respondents (N =
166) assessed the self-assessment question and three vignettes from across scale 1 to 7
(‘1” was the lowest and ‘7’ was the highest). The variability of the use of scale for both
self-assessments and vignettes is high; respondents use (almost) the whole range of the
scale categories. Concerning vignettes, it shows a high heterogeneity in reporting
behaviour of respondents — the same level of ICT skills described in the vignettes is
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evaluated differently by different respondents. We expected the respondents would
assess vignettes in the natural order V1 < V2 < V3 (the order given by a researcher). It
means the expected value for V1 would be lower than the value for V2 and the value
for V2 would be lower than that for V3. However, 5.4% of respondents assessed the
vignettes in another way; they typically tied their assessment to two subsequent
vignettes (see Table 3).

Table 3. Variability of the use of scale for self-assessment

Scale 1 2 3 4 5 6 7
(%) (%) (%) (%) (%) (%) (%)
Self-assessment (S) 422 1807 2771 2590 1928 4,82 0,00
Vignette 1 (V1) 723 12651 3554 2651  3.61 0,60 0,00
Vignette 2 (V2) 0,00 1,0 3,61 1566 3434 3554 964
Vignette 3 (V3) 0,60 0,60 1,20 5,42 1024 31,93 50,00

4 Findings from the Pilot Study

For further data analysis, we analysed each school separately and tried to distinguish
the differences in scale usage among different schools. Using the correction based on
the non-parametric approach, which consists of how the self-assessment S of a
respondent relates to his/her vignette evaluations V1, V2 and V3 “assuming that the
vignettes are naturally ordered (for example, from the lowest skills level of a hypo-
thetical vignette person to the highest)” (see [11, p. 192]), we corrected the values for
each respondent for each school (see Table 4).

Table 4. Average self-assessments of respondents in all schools before and after correction

Number of | Average value of Ranking of schools | Comment
respondents | self-assessment S
Before After Before After
correction | correction | correction | correction
School 1 |47 3.02 222 4 4 The position is the
same
School 2 |56 3.34 2.44 3 2 The position
improved, high
standards
School 3 |38 4.29 3.27 1 1 The position is the
same
School 4 |25 3.72 243 2 3 The position
decreased, low
standards
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The findings in Table 4 show that the ranking of two schools has changed after the
correction, with the most considerable change being in the ranking for School 4 — its
position has decreased more, indicating its low standards for evaluating ICT skills.
Table 5, and Figs. 1 and 2 show comparisons of self-assessments before and after
correction for School 4 and the best performing School 3. We showed there were
statistically significant differences between Schools 3 and 4, not only before the self-
assessment correction, but also after the correction.

Table 5. Comparison of self-assessment of respondents from School 3 and School 4 before and
after correction

Scale Uncorrected self-assessment (before correction) Corrected self-assessment (after correction)
School 3 School 4 School 3 School 4
Absolute | Relative Absolute | Relative Absolute | Relative Absolute | Relative
value value (%) value value (%) value value (%) value value (%)
1 0 0.0 0 0.0 5 13.51 4 19.0
2 2 53 2 8.0 3 8.1 7 333
3 5 13.2 10 40.0 14 37.8 7 333
4 14 36.8 7 28.0 11 29.7 3 14.3
5 14 36.8 5 20.0 1 2.0 0 0.0
6 3 7.9 1 4.0 2 54 0 0.0
7 0 0.0 0 0.0 1 2.7 0 0.0
Number of 38 25 37 21
respondents
Average 4.29 3.72 3.27 2.43
Standard 0.97 1.00 1.36 0.95
deviation
T-test: p value | 0.03414 0.01730
100.0
80.0
60.0
40.0
) Il II
1 2 3 4 5 6 7
m School 3 ® School 4

Fig. 1. Comparison of self-assessment of respondents from School 3 and School 4 before
correction
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Fig. 2. Comparison of self-assessment of respondents from School 3 and School 4 after
correction

To understand better how respondents evaluated their skills, we compared schools
using the background variables of respondents. Analyses of questions focused on
respondents’ interests and ways of using ICT in their free time, which showed
respondents do not differ too much. Generally speaking, ICT knowledge, skills and
interests of respondents correspond to topics they have learned mainly at school.
Regarding respondents’ grades, 69.9% of all the respondents from Schools 1-4 have
obtained an average grade between 1 to 2 in ICT school subjects (1 is the best grade
and 5 is the worst grade in Czech schools); only respondents from School 4 got worse
grades (the average is 2.45). This corresponds to our ranking of schools based on
adjusted self-assessments. Nonetheless, 14.5% of respondents reported that they had
never studied such a subject before.

As already mentioned, School 3 is a technical upper secondary school specialising
in ICT located in Prague and School 4 is a secondary school without any specialisation
in ICT located in an industrial city. In both schools, practically the same number of
respondents (about 65%) agreed with a statement “I am doing my best to have good
results in ICT because I am expected to do so”. Respondents from School 3 differed in
some characteristics from respondents in School 4. The ratio between university-
educated mothers and fathers of respondents from School 3 was 2.2 and for School 4
was 0.7. Respondents of School 3 spent 1.8-times more time on computers at weekends
compared to working days, while at School 4 only 1.3-times more. On weekends,
respondents in School 3 spent an average 4.2 h/day on computers, while respondents in
School 4 only 3.4 h/day. Seventy-four per cent of respondents in Schools 3 and 4 spent
practically every day surfing on the Internet for fun. Comparing respondents in School
4 with those in School 3, more enjoyed creating digital music, were active on social
networks and enjoyed playing computer games. Respondents in School 3 dedicated
more time to web design activities, work with graphics software, publishing on You-
Tube or creating digital animations than respondents in School 4. Respondents in
School 3 were more interested (53%) in the latest ICT news, new technologies,
computer graphics, etc., than respondents in School 4 (24%). Respondents in School 3
liked learning new things in ICT (87%) much more than respondents in School 4
(48%). Respondents in School 3 (68%) were fond of creative activities using ICT much
more than respondents in School 4 (36%). Ninety-two per cent of the respondents in
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School 3 agreed with the statement: “To do my best in the ICT lessons pays off because
it can help me to get a job I want to do in the future”, while in School 4 this was only
60% of respondents. To summarise, the background characteristics of respondents are
in line with our adjusted self-assessments using anchoring vignettes.

5 Conclusion

The main aim of our pilot study was to inform and design the main study methodology,
specifically to test the feasibility of the data collection method, consisting of a ques-
tionnaire with a set of vignettes focused on self-assessment of ICT knowledge and
skills of young people. From this pilot study, we identified some problems that shed
light on the main research, conducted in spring 2018 in the Czech Republic.

The pilot study showed us that in terms of data interpretation, it was very important
that researchers could visit all schools to instruct respondents what to do and how to fill
out the on-line questionnaire. The researchers could understand better some contexts
related to students’ ICT knowledge, skills, motivation, and approaches to ICT.

Some questions need to be adapted for the main research (questions about type of
school, number of inhabitants living in a respondent’s town/village, grades from ICT
subjects, arrangement and ordering vignettes on a page, questions about the family).
The pilot also highlighted questions about how to organise data collection through an
on-line questionnaire in school computer laboratories, how to support teacher co-
operation to motivate students to answer the questionnaire responsibly and maintain
classroom discipline, etc. It is necessary in the classes to ensure peace and discipline in
order for the respondents to read attentively all questions, especially vignettes.

Limitations of this study are as follows. Findings obtained in the pilot cannot be
generalised; sampling does not allow this. However, findings are definitely of interest
since they indicate huge differences in scale usage between different types of schools —
students from some schools have high/low standards when evaluating their ICT skills.
However, all three vignettes V1, V2 and V3 were presented to respondents on one page
of the questionnaire - this might have affected respondents’ assessment of vignettes.

Acknowledgments. This study is a result of the research funded by the Czech Science Foun-
dation, project GA CR 17-02993S “Factors influencing the ICT skill self-assessments of upper-
secondary school students”.
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Abstract. This study investigated students’ perceptions of a bring-your-own
(BYO) laptop based e-Examination system used in trials conducted at an
Australian pre-university college in 2016 and 2017. The trials were conducted in
two different subjects, in geography and globalisation. Data were gathered using
pre-post surveys (n = 128) that comprised qualitative comments and Likert
items. Students’ perceptions were gathered relating to the ease of use of the e-
Examination system, technical reliability, suitability of the assessment task to
computerisation and the logistical aspects of the examination process. Many of
the typists were taking a computerised supervised test for the first time. A di-
vergence of opinions between those that typed and those that hand-wrote
regarding students’ future use intentions became more prominent following the
examination event.

Keywords: e-Exam system - Assessment + Student perceptions * Acceptance

1 Introduction and Background

In this study, we characterise an e-Examination (e-Exam or e-exam) as a “timed,
supervised, summative assessment conducted using each candidate’s own computer
running a standardised operating system” [1]. We would add that the use of authentic
software applications as part of the examination environment is an important element
of our approach. As such, we distinguish our approach to computerised examinations
from ‘online assessments’ that are limited to the test or quiz functionality of a learning
content management system (Moodle, Blackboard) or specialised testing software
(TCExam, QuestionMark Perception, ExamSoft) that may or may not be directly
supervised by human invigilators.

This study is part of a wider project [2—4] investigating authentic approaches to
supervised high stakes assessment typically carried out in examination halls and
classrooms suited to the Australian higher education context. In this respect, our paper
takes a departure from other trials we have conducted in that we focus here on e-exam
use in a pre-tertiary pathway college context.
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In this paper, we explore the literature related to e-exams, including matters relating
to student choice and acceptance of the e-exam approach. Data were collected on the
students’ impressions of the process as expressed through written comments and
selected response items in a pre- and post-assessment surveys.

2 Literature

Computerised examinations have been increasingly gaining attention in the last decade.
Whilst one of the first reported uses of computers for assessment was in 1965 [5], little
movement away from pen-on-paper examinations has occurred in the higher education
or school systems around the world. Only recently has attention shifted to modernising
the examination room. Examples of efforts underway in higher education and other
sectors were reviewed [1, 6]. The ‘Dublin Declaration’ developed by the International
Federation of Information Processing Technical Committee Three for Education con-
ference sets a future direction for computers in assessment [7] (pp. Xxvii—xviii):

“To see computers used effectively in education, it is necessary to develop fair, reliable and
resilient computer-based assessment methods. Assessment methods must go far beyond imi-
tating paper-based assessment, and prioritise the pedagogical affordances of computers over
administrative convenience. The use of computers in timed, supervised assessments offers the
chance to transform curricula in the light of computational thinking”.

In particular, the Declaration recommends that e-Exams must be:

“authentic assessment that matches modern workplace practices and many student learning
experiences” ([7], p. xviii).

We particularly find resonance with the idea of promoting authentic assessment [§]
in high stakes examinations. One way to enable such assessment is to provide a rich
array of software tools of the trade to candidates in the examination room. Doing so
opens up the possibility of designing complex constructed assessment tasks to be done
under supervised conditions. This enables assessment designers to push into the
Modification and Redefinition stages of the Substitution, Augmentation, Modification
and Redefinition (SAMR) model [9, 10] or to target ‘higher order thinking’ of Bloom’s
taxonomy [11] with respect to pedagogical efficacy. Systems such as ‘Secure Exam
Environment’ and the work described in [4] place authentic assessment at the heart of
the project. The e-Exam platform [4] used for this study uses a bring-your-own laptop
approach and provides the same full operating system and application suite that
includes an office suite, multimedia tools and optional discipline-specific applications
(e.g. mathematics, computer aided design (CAD), chemistry, accounting). In this
instance, we used the fully functional word processor as the question presentation and
response environment, thus providing an authentic tool typically used to produce
essays and reports.

The perceptions and attitudes of users with respect to ease of use and usefulness
(being fit for purpose) have been found to be important factors in people accepting new
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computer technology [12, 13], but not the only factors at play [14]. This particularly
applies to the students as the people most directly impacted by e-exam systems,
although they often do not have a strong voice when it comes to selecting software
deployed in education institutions. Therefore, it is important to ensure their views are
heard if we desire smooth acceptance and operation of a high-stakes e-exam system.
A survey of students [15] at the University of Bradford in the United Kingdom (UK),
following their use of QuestionMark Perception, included a range of topics. Other
studies include the use of Examsoft in pharmacy courses in Canada [16] and an
institution-wide survey [17] capturing students’ hopes and fears prior to the trialling of
e-Exams at The University of Queensland in Australia. e-Exam trials followed the latter
study, exploring the students’ experiences of the process [18]. These studies on student
perceptions of the e-exam process informed construction of survey tools in this study.

Another characteristic is how each system architect treats the idea of technology
reliability. Where an e-Exam solution has a heavy reliance on a network during the
examination, the risk of a ‘single-point of failure’ impacting on a whole cohort of
students is increased and so the need to ensure extra redundancy measures is height-
ened. One study [17] reported that the fear of technology failure is a major barrier to the
adoption and intention to use e-Exams by students. A recently publicised case of failure
during a national high stakes Medical board e-exam event in Australia [19, 20]
highlights the critical need to ensure a robust system and to avoid ‘single point of
failure’ designs. Earlier online assessment systems tended to stop working the moment
the network dropped out. Advances in web technologies mean that some systems may
handle or mitigate network outages of a short duration (e.g. auto-save for Moodle quiz)
but extended outages will result in an unscheduled end to the session. Only a small
number of e-exam systems are able to continue to operate and successfully complete
the e-exam session without a network connection. This includes the commercial pro-
duct ‘Examsoft’ [21] and the e-Exam platform [2, 4] used in this study. Avoiding
system-wide failures means that any technical issues that do occur are likely to be
isolated to a single student. Therefore, an issue can be managed according to existing
examination protocols with respect to individual interruptions, breaks and extra time.

This review of prior work has outlined several areas of concern that will serve as a
focus for our evaluation in this study. These are summarised in Table 1.

Table 1. Areas for investigation

Area Example research questions
Intention and Were candidates in favour of the e-Exam system? Would they recommend
attitude it to others or use it again? Did they have any concerns about undertaking

an e-exam? If they typed their examination, was their attitude changed or
any concerns lessened following the event?

Ease of use Were the students able to use the system with relative ease? Did they have
any issues related to the e-exam processes?
Technical Did any technical issues or interruptions arise? If so, did such issues

reliability interfere with the examination or result in lost work?
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3 Study Context

In Australia, the lead author is conducting a nationwide project investigating the
scalable provision of authentic assessment in the examination room using BYO laptops
[2, 4]. The study reported in this paper investigates if prior work carried out in the
higher education sector would work successfully in the pre-university context. The
study was undertaken at Monash College, Australia within the ‘Foundation Year’ [22]
programme. This programme is at the equivalent level as an Australian year 12 high
school leaving certificate or the International Baccalaureate. The study was run in
conjunction with the second author who is a unit coordinator and teacher in the two
units in which trials were conducted. The trials were carried out using in-class
supervised written assessments. These took the form of a couple of mini-cases that
included photographs, charts and data tables, each with one or several questions
requiring a short text or essay-style response.

4 Method and Approach

This study examined two live trials of the e-Exam system and approach in two separate
units at the College, involving 128 students. The units selected were geography
(Geo) in semester 1, 2016 and globalisation (Glo) in semester 2, 2017. The process
used to run each trial is represented in Table 2.

The formative ungraded practice session was run in-class time with all students
participating. Students were free to choose typing or handwriting for the real
examination.

Table 2. e-Exam trial process

Stage Activities

1. Call for interest Students indicate interest in either typing or handwriting
their examination and complete research study consent
forms

2. Practice session done two Preview the examination process and practice following

weeks prior to examination provided instructions for starting up their laptop from an

e-Exam universal serial bus (USB) stick. Students
complete the practice questions. Data collected about
hardware compatibility via hardware logging,
observation of use and student impressions via pre-
examination survey. Following the session, data analysis
of the surveys was carried out to detect any concerns

(continued)
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Table 2. (continued)

Stage Activities
3. Real examination for both Individual desks were set up with a paper copy of the ‘e-
typists and hand-writers Exam quick start guide’ and post-examination survey.

A power socket was provided for each typist. Hand-
writers were given a paper copy of the examination
questions and response booklets. These were available
to typists upon request. Both typists and hand-writers sat
in the same room

1. Students entered the room and were seated at a suitable
desk

2. Typists were given an e-Exam USB stick containing
the questions

3. Students started their computer with a USB stick
progressing to the e-Exam desktop. A desktop
background image provided a visual check that all had
booted from the correct USB

4. Invigilator announced the start of the examination.
Students entered their student ID and name into the
starter screen. The system then opened the examination
document. Auto-save occurred every two minutes

5. Examination ended: saved work one last time and shut
down the computer

6. Students returned the USB sticks containing their
response

7. Students completed the post-examination survey
before leaving the room

4. Grading In the following week, the teacher did the grading.
Students were given grades and feedback comments.
Surveys results were analysed

Selected response survey questions as shown in Tables 3, 4 and 5 were analysed
using SPSS v24 using an alpha level of .05. Likert data pertaining to students’ opinions
were treated as non-parametric [23]. Another study [15] did the same when analysing
students’ perceptions of their experience with an e-Assessment system. Mann and
Whitney’s U test [24] was used to test the variance between groups (typists versus
hand-writers) on Likert items. When comparing paired pre-post Likert items, a Wil-
coxon Signed Ranks Test [25] was used with the requirement of a normal distribution
of differences met. Chi-squared was also used to test if experiencing a technical issue
impacted in the decision to type the examination.

It is important to note that participants were not randomly assigned to the typing or
hand-writing groups so results are only descriptive of this group. As per [15], we take
the stance that statistical tests serve as a tool to summarise the body of students’
opinions rather than to be representative of an objective truth.
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Table 3. Pre-examination survey responses by text production mode

Question Type Hand write MW

Pre survey (practice n M SD |n M SD | diff |U D
run)

Written instructions 55 |41 |07 |55 (40 |10 |02 1466 0.759

were easy to follow
It was easy to learn the |55 |42 [0.7 |56 |39 |1.1 |03 1307 0.128
necessary technical
steps

It was easy to start my 55 |40 |10 |56 |37 |12 |03 1333 0.194
computer using the e-
Exam USB stick

I feel confident I willbe |55 |39 |1.0 |56 |33 |12 |0.6 1093 0.006
able to do these steps in
a real examination

The software within the |54 |4.0 |0.8 |56 |3.8 1.0 |0.2 1439.5 1 0.642
e-Exam System was
easy to use

I now feel relaxed 54 |38 1.0 |56 |33 1.1 105 1171.5 1 0.034
about using the e-Exam
system for my
examination

I would like to use a 55 |40 |10 |56 |3.0 |12 |10 |8425 <.001
computer for
examinations in the
future

5 Findings

The trials involved 128 pre-tertiary students; 65% were female and 35% were male. We
examined the students’ opinions regarding their first encounter with the e-Exam system
in terms of differences between those that went on to type the examination and those
that handwrote the examination using a Mann-Whitney U test. Table 3 displays the
results from Likert items (strongly agree = 5, neutral = 3 and strongly disagree = 1)
collected on the pre-examination survey (done at the practice session). The strongest
difference was for “I would like to use a computer for exams in the future” (U = 842.5,
p = <.001). Means and standard deviations are provided in the tables for clarity.
Following the examination, typists (52%) were asked to reflect on the e-Exam
system itself with regard to suitability, usability and reliability (see Table 4 and Fig. 1).
The majority of items received positive agreement, most with mean agreement ratings
of 4 or above out of 5. The sentiment within the group was relatively uniform, as
evidenced by the small standard deviations (Table 4) and boxplots in Fig. 1.
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Table 4. Post-examination survey responses regarding the e-exam system

Question n |[M |SD
I felt this particular examination suited the use of computers |63 4.2 0.7

I liked the fact I could use my own computer 5714.5(0.7
I felt the e-exam system was easy to use 6314.2]0.8
I felt the e-exam system was reliable against technical failures | 62 | 4.0 | 0.8
I felt the e-exam system was secure against cheating 6314.2/0.9
I would recommend the e-exam system to others 6314.0/0.9
5_
J O 3O /|3 I
1 T L L T
2 [e] o J_
o | T T T ? =T
I felt this | liked the | felt the e~ | felt the e~ | felt the e- I would
particular fact | could exam systemexam srstemexam system recommend
exam suited use my own was easy to was reliable was secure the e-exam
the use of  computer use against against system to
computers t?.c'?nical cheating others
atlures

Fig. 1. Opinions of the e-exam system

Typists were asked “Did you experience any technical difficulties during this
exam?” Responses yes (n = 17, 24%) and no (n =53, 76%) were gathered via a
comment box and a list covering usability, technology and logistics. It should be noted
that all those who typed successfully completed and submitted their work. A compar-
ison of problems encountered in the pre- and post-sessions is shown in Fig. 2. A Chi-
squared test indicated that there was no statistically significant relationship between
encountering a problem in the practice session and electing to type or handwrite the
examination (y°(1) = 0.003, p = 0.956). This could indicate that the practice session
did its job in preventing serious problems from reaching the examination room, or that
problems were considered to be minor by those that encountered them.

Pre ®m Post 0 10 Count 5, 30

User skill e.g. forgot process a——
I
Software related mmm

Problem type

Other —_——

Fig. 2. Reported issues
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Table 5. Post-examination survey future intention to use

Question Type Hand write MW
Post survey n M SD |n M SD | diff U )4
I would like to use a 61 |42 |07 |53 |21 1.0 |21 160.5 | <.001

computer for
examinations in the
future

A comparison between typists’ and hand-writers’ intentions to use a computer for
future examinations following the examination event (see Table 5) showed a signifi-
cant Mann-Whitney U test result (U = 160.5, p = <.001).

Finally, we examined if students’ declared future use intentions may have changed
between pre- and post-examination surveys for typists and hand-writers using the
question “T would like to use a computer for examinations in the future”. Those that
typed the examination were in slightly stronger agreement following the examination
(n=61, M =42 SD =0.7) than prior (n =55, M = 4.0, SD = 1.0). However, the
difference was not significant when tested with a Wilcoxon Signed-Ranks test,

= —1.763, p = 0.078. Both pre- and post-median agreement was 4. Those that
handwrote the examination became more negative following the examination to a
significant extent (Z = —3.757, p = >.001), with the median agreement 3 prior and 2
following the examination. For clarity, mean agreement for hand-writers pre-
examination was M = 3.0 (SD = 1.2, n = 56) and post-examination M = 2.1 (SD =
1.0, n = 53).

6 Discussion

In the practice session, most students were able to successfully undertake the steps
required for doing the e-exam using their laptop, although some did require assistance.
This included starting up their laptop from the USB stick and using the software (see
Table 3). The Chi-squared result shows that encountering a problem in the practice
session did not impact the decision to type or handwrite. The practice session appeared
to resolve most serious problems (see Fig. 2) before they reached the examination itself
as seen by the reduced number of issues reported between the pre- and post-sessions.
Most problems that remained related to user familiarity with the software or process
(i.e. forgetting the boot key, not realising that short-cut keys behaved like ‘Windows’
rather than Apple OSX) or minor hardware incompatibility (i.e. their laptop touchpad
being too sensitive; although a wired mouse would have solved the issue). However,
the persistence of these issues indicates that further opportunities for practice and
increased awareness of the option to bring a wired mouse were needed.

Those that went on to type the examination, not surprisingly, expressed stronger
agreement in being able to undertake the practical steps of the e-exam process but the
differences in opinions with hand-writers were not statistically significant. However,
the items reflective of confidence “I feel confident I will be able to do these steps in a
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real examination”, “I now feel relaxed about using the e-Exam system for my exam-
ination” and future intentions “I would like to use a computer for examinations in the
future” did show a significant difference between the groups. This gap between their
perceptions of process and their expressed levels of confidence or intentions could be
indicative that other matters beyond those surveyed played a role in students’ decision
making. Additional findings related to students’ preferences with respect to writing
styles, behaviours and proficiency, where a link to their selected text production mode
was found to be stronger, are reported separately [26].

Following the examination event, the results in Table 4 and Fig. 1 showed that a
large majority of students who typed the examination were satisfied that the assessment
task was suited to computerisation, they appreciated being able to use their own
computer, and that the system was easy to use, reliable and secure against cheating.
Most also agreed that they would recommend the e-exam system to others. This was
consistent with prior work in the university sector [18].

A moderate, but not statistically significant, divergence of opinion between hand-
writers and typists emerged across most items in the pre-examination survey. Overall, it
would appear that people tended to reaffirm their choice to type or handwrite in terms
of their future intentions following the examination. This divergence can be seen when
looking at future intentions stated prior to the examination with difference in agreement
of 1 widening to 2.1 in the post-examination survey. It would appear that students’
opinions ‘hardened’ once the real examination was over, in that typists became more
positive about their future intentions to type an examination and hand-writers more
negative.

Finally, the decision to allow students to self-select typing or handwriting served to
lessen the stress for students, but it also limited the degree of task sophistication that
was possible (i.e. keeping to the lower levels of SAMR). However, this can only ever
be a temporary state of affairs if we want to progress up the SAMR ladder to include re-
designed, higher order assessment tasks that assume sophisticated tools will be avail-
able. To take advantage of the affordances of modern software, means all students must
ultimately use a computer in the examination. Our work on e-Exams is also about
providing a strategy [4] for moving from paper-equivalent e-exams to sophisticated
post-paper e-exams where all must type. This phased strategy, along with associated
support, will be important in helping staff and students to make this transition.

7 Conclusion

We have successfully completed two trials of e-exams centred on the use of a fully
featured word processor in two different units within a pre-university context. From this
point of view, we broadly achieved what we set out to do in that the e-Exam technology
and BYO laptop centric processes were shown to have worked in this context. We have
also seen that most students were satisfied with the approach to doing e-Exams within a
classroom setting. The strength of opinions regarding the process and technology
between those that typed the examination and those that elected to hand-write were not
significantly different, although there was a general trend towards typists holding more
positive opinions. Their levels of confidence did differ significantly and this likely
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played a role in their choices. The results are not at all surprising given the self-
selecting nature of the groups who went on to type the examination. However, it does
reinforce the need to ensure adequate support is available to students who are not all
equally prepared for the computerisation of high-stakes examinations.

Future work will involve comparisons with similarly run examinations in the
university system and within different discipline contexts. The next phase will be to
trial e-Exams using post-paper, higher-order tasks where all members of the class will
type. Further technical work on the e-Exam system is progressing that will see inte-
gration with the Moodle quiz tool alongside the ability to use authentic software tools
in a manner that is robust against network outages [27].

Acknowledgments. The authors would like to thank the Australian Government Department of
Education and Training for financial support and the students at Monash College for being
willing to ‘give it a go’.
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Abstract. This study examined students’ expressed strategies, habits and
preferences with respect to responding to supervised text-based assessments.
Two trials of a computerised examination system took place in an Australian
pre-university college in 2016 and 2017. Students in several classes studying
geography and globalisation completed a sequence of practice and assessed
work. Data were collected using pre- and post-surveys about their preferred
writing styles, habits and strategies in light of their choice to type or handwrite
essay and short answer examinations. Comparisons were made between those
that elected to handwrite and those who chose to type the examination, with
several areas being significant. The performance (grades), production (word
count) of the typists and hand-writers were also correlated and compared.

Keywords: e-Exams - Writing strategies - Student perceptions - Affordances

1 Introduction and Background

This study is part of a nationally funded project [1-3] looking at modernising super-
vised high stakes assessment within the Australian higher education context. This paper
builds on previous e-examination (e-Exam or e-exam) trials held in Australian uni-
versities, investigating how students in a pre-tertiary pathway college context perceive
the task of writing e-Exams.

We use the term e-Exam to specifically refer to a “timed, supervised, summative
assessment conducted using each candidate’s own computer running a standardised
operating system” [4]. This differentiates our work from those employing ‘online’
testing tools that take the format of a data collection instrument (e.g. Moodle quiz,
Blackboard test, TCExam, QuestionMark Perception, ExamSoft). In our case, we
include the use of ‘authentic’ software applications fit for the purpose of the assessment
task, e.g. a full office suite is provided to write reports or essays.

We will explore the literature related to the writing of high stakes assessment tasks
and in particular computerised examinations before moving on to explain the process
used in the study. This is followed by survey results and a discussion of the findings
that draws out implications for future research and practice.
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2 Literature

The idea of using computers for assessment has been around for 60 years [5], yet pen-
on-paper still dominates most higher education and school examinations around the
world. However, attention has recently shifted to modernising the examination room.
The ‘Dublin Declaration’ [6] features the idea of ‘authentic assessment’ [7] as one of its
core recommendations when considering the use of computers for assessment. The
Declaration specifically recommends that an e-Exam must be an:

“authentic assessment that matches modern workplace practices and many student learning
experiences”. (p. xviii)

If we consider the modern classroom, or the majority of work places, we find that
computer and software technology is near ubiquitous. From accountancy to zoology,
computers are now key tools of the trade. From keeping track of laboratory experi-
ments to report writing and bookkeeping, we could be confident that a computer was
involved. Similarly, in higher education, reports, essays and communications are
conducted via the typed medium. The vast majority of students in the developed world
today use software tools as part of their course work and in addressing unsupervised
assessment tasks. University students could hardly remember or even know what it
would be like to hand-write their class work, yet we ask them to write examinations
that can take up to three or more hours. The keyboard is now so commonly used that
the very skill of handwriting is in decline [8], with a subsequent loss of the motor skills
required to write proficiently. A previous study [9] found that hand-writers in exami-
nations beyond about 70 min felt physical discomfort while typists were unaffected.
Fortunately, there are a number of examples where the transition to e-exams is well
underway or at least beginning. Prior work [4, 10] described and reviewed several e-
Exam projects, with a longer list available [11].

As part of the conversion effort, teachers and students may have an adjustment
period when transitioning from hand-writing under examination conditions to typing.
A survey [12] of students at the University of Bradford in the United Kingdom (UK) on
their experience of using QuestionMark Perception covered a range of topics. Differ-
ences between handwriting and typing an essay-style examination were explored [13],
and the authors looked at self-reported typing prowess, confidence, stress, use of time,
writing strategies, pre-planning, structuring, editing and reviewing prior to submission.
Similarly work by other authors [14] looked at the preferences of students with regard
to typing or handwriting essay examinations when they were given the choice. They
noted a 10% uptake by students of the typing option. Another researcher [15] reported
on students’ preconceptions of what an e-exam may involve prior to the start of several
e-Exam trials at an Australian university, with interest by students varying significantly
between discipline areas. A follow up study of e-exam trials in six courses at the same
institution [9] showed the typing option was selected by 5% to 34% of students. The
top three comments from typists were that they could type faster, it was neater than
handwriting, and that they were easily able to edit their work leading to more polished
responses.

Finally, we turn to the matter of performance. Stakeholders are concerned that
computerising the examination room may have an uneven impact on student
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performance by advantaging some and disadvantaging others [16]. Concerns over
typing prowess, speed, and computer access have been raised. However, similar con-
cerns could be raised with respect to the uneven abilities of students in terms of speed,
neatness and physical strength for handwriting long examinations (ibid). Performance
in an e-exam in a dentistry unit found that there was a moderate increase in marks for
those that typed the examination compared to those handwriting. There could be no
causal link established, due to the self-selecting sample groups [2]. Hand-writers that
produced more words generally did better while more typed words did not see marks
increase by as much. Another study [17] compared typists and hand-writers and found
that the typists produced around 20% more words in an e-exam. Similarly, a further
study [16] found that typists produced more words than hand-writers but there was no
statistically significant difference in grades. In terms of presentation effects, one
researcher [18] found no significant difference in scores due to presentation mode
(typed or transcribed handwritten) on a large-scale writing assessment. Prior studies
have also looked at demographics such as gender [19] and how this may impact a
student’s performance when faced with a typed examination.

The review of prior work has outlined several areas of focus that informed ques-
tions to be investigated (see Table 1), and provided an up-front frame for analysis.

Table 1. Areas for investigation

Area Example research questions

Rationale of What proportion of candidates were in favour of typing their examination?

students What rationale was provided for their choice? Did the e-Exam
environment support their writing?

Writing Were there differences in the writing preferences and strategies used by

strategies those that typed and those that handwrote?

Student Were there differences in words produced and grades achieved by those

performance that typed and those that handwrote?

3 Study Context

In Australia, the first author is leading an Australian federal government funded grant
project [1] investigating how authentic e-assessment can be introduced into the
examination rooms of universities using bring-your-own-devices (BYOD). This study
was undertaken within two units offered in the Foundation Year [20] programme at
Monash College, Australia. The programme is the equivalent of an Australian year 12
high school certificate or the International Baccalaureate. The second author is a unit
coordinator and teacher of the units in which the e-exam trials were conducted. The
trials were carried out using in-class supervised written assessments requiring short text
and essay-style responses.
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4 Method and Approach

Students in several classes undertaking geography (Geo) in semester 1, 2016 and
globalisation (Glo) in semester 2, 2017 at Monash College took part in a two phase trial
of the e-Exam system. Ethics protocol approval was gained via Monash University
prior to the trials. In this study a fully functional word processor was used that was part
of the e-Exam platform as previously described [3]. Students used a custom Live Linux
universal serial bus (USB) environment on their own laptops that provided a full office
suite. They could use editing tools such as spelling, grammar and highlighting to help
with their writing tasks. Being able to copy, delete or move text around with ease meant
that there were functional differences to undertaking the same task using pen-on-paper.

In phase one, students participated in an in-class, ungraded preview session. They
were provided with instructions on how to use the e-Exam system with laptops and
opportunity to practice e-exam processes, use the software, and try the question
response format. Students completed a pre-examination survey requesting technical
information about their laptop and first impressions of the e-Exam process and soft-
ware. Attitudes and responses to e-Exam software use are reported separately [21].

Phase two occurred two weeks later in the form of an in-class, graded, supervised
assessment task; students could choose to type or handwrite. Materials were provided
on paper or as a word processor document and included photographs, diagrams, charts
and data tables. In Geo, the assessment task was a single case study with an extended
essay response. In Glo, two short answer sections and a mini-case essay response were
required. Students then completed a post-examination survey before leaving the room.
An extended account of the trial process is provided elsewhere [21].

Qualitative survey data relating to students’ opinions on writing in examinations
was analysed using SPSS v24. Likert items were treated as non-parametric as per
advice [22]. This stance is supported by other authors [12] when analysing students’
perceptions of e-Assessment. The Mann-Whitney U test [23] was used to test the
variance between groups (males versus females and typists versus hand-writers) of
Likert responses. Chi-squared was also used to test if gender played a role in the
decision to type the examination. A Fisher’s exact test [24] was used when comparing
categorical variables. When it came to performance data (grades) a T-test was used to
compare between groups while a Spearman test [25] was used to test for correlation
between word count and grades. We used an alpha level of .05 for all statistical tests,
unless otherwise noted. However, the participants were not randomly assigned to the
typing or hand-writing groups, which makes the results only descriptive of this study.
In terms of items reflecting students’ opinions, we used statistical tests as a tool to
summarise rather than to be representative of an objective truth [see 12].

5 Findings

The trials involved 128 pre-tertiary students; 65% female and 35% male. In the
examination, 52% of students elected to type. Table 2 shows participation at each
stage.
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Table 2. Intention to type the examination at each stage of the study (counts)

Participation | Initial interest | After practice | At the examination
Type 73 72 64
Handwrite |26 30 59
Missing 29 26 5

A Chi-squared test revealed a statistically significant difference in relation to gender
and choice to type the examination (12(1 ) =15.299, p =0.021) with 68% of males
choosing to type compared to 46% of females. However, the differences due to gender
were not significant in the earlier stages of the trial. This may be due to the larger
number of undecided (‘missing’) cases in the earlier stages.

Opinions

We examined the differences in opinions on five-point Likert items (where strongly
agree = 5, neutral = 3, and strongly disagree = 1) between those that typed the
examination and those that handwrote it using a Mann-Whitney U test. Table 3 dis-
plays the extent of agreement, with means and standard deviations provided for clarity,
along with the results of significance tests with the difference between the means
shown.

Table 3. Post-examination survey responses by text production mode

MW
diff |U p

Handwrote
SD |N M

Question Typed

Post-examination n M
survey
I type faster than I 64

handwrite

SD

4.1 1.1 |55 1.8 12 |22 412 >.001

4.1
4.3

0.8 |52
0.8 |53

2.5
29

1.1
1.3

1.7
1.4

379
634

>.001
>.001

I type accurately 63
When I make errors, 1 64
am able to quickly
correct them when
typing

I often rely on spell 62
check to detect errors

38 |13 54 |29 |13 |09 1060.5 | >.001

I work more efficiently 64 |42 |09 |53 (30 |13 |12 7215 |>.001
when I type on a
familiar keyboard
My hand-writing is 63
normally neat and
legible

I go back to re-read and | 63
revise my writing quite

a lot

36 |13 |52 |31 |1.1 |05 1183.5 | 0.008

38 1.0 |53 |29 |12 |09 969.5 |>.001

I prepare most of my 64 |40 |09 |53 |30 |14 |10 1012.5 | >.001

assignments/reports
using a computer
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Those that chose to hand-write the examination were asked about the neatness of
their writing and comfort levels experienced during the examination (see Table 4). The
examination duration was 70 min in both cases.

Table 4. Post-examination survey responses on hand-writing

Question n (M |SD
I think my hand writing was neat and legible 5313.6(0.9
I experienced discomfort (sore/tired/cramp) in my writing hand | 53 /2.9 | 1.2

Typists in the geography unit were also asked to reflect specifically on using a
computer for the examination, given the nature of the task (see Table 5).

Table 5. Post-examination survey responses on using a computer for the assessment

Question n (M |SD
I was able to produce a better final version of this assessment 2414.310.6
I was able to quickly complete the assessment 2414.310.7
I was able to easily edit and make changes 2414.6/0.6
I was able to easily refer to reference materials and resources 2413.7|1.0
I was able to easily think and compose my answer using a computer | 24 |4.3|0.6
I would like to use a computer for similar assessments in the future |23 4.2 /0.7

Students were asked about their preferences for production method (‘computer’
(C), ‘same’ (S) or ‘pen and paper’ (P)) for a range of writing activities, style and
features. A Fisher exact test for categorical variables was used to see if their preferences
may have influenced their choice to type or handwrite the examination (see Table 6).
Counts and percentages in brackets are shown for each production method (C, S or P)
for the two groups (typists and hand-writers). Significant differences were noted across
many of the items with preferences in alignment with their actual choice of exami-
nation mode.

Performance

Performance was expressed as a percentage grade. There was a statistically significant
performance difference between the two units (Geo, n = 38, Mdn 73.75 and Glo,
n = 85, Mdn 57.14) using a Mann-Whitney U test (U = 1100, p = .005).

When the grade data were grouped by gender (shown in Table 7) it was not found
to be statistically significant, although the result was borderline at p = .050. In the
geography unit, a significant difference in grades between genders was found
(p = .006); however, this was not so in globalisation. Normal distributions were con-
firmed for each gender pair using standardised skewness and the Shapiro-Wilks test
with Levene’s test (shown in Table 7) demonstrating equivalence of variance. Means
and standard deviations are also provided for clarity.
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Table 6. Post-examination survey responses on examination writing strategies

Question Typed Handwrote Fisher
C = computer, C S P n C S P n 14
S = same, P = pen
I write more words in an | 35 23 5 63 1 18 37 56 >.001

examination when... 56) |[(37) | (B B3) [ (32) |(66) |@47)
I write faster in an 42 17 5 64 3 9 44 56 >.001
examination when... ©6) [(27) |(8) 53) [(5) 16) [(79) |47

I think more carefully 32 13 19 64 3 17 35 55 >.001
before I start writing in 50) 1 (20) [(3B0) [(B54) |(5) (31) |(64) |46)
an examination when...
I pause to think most in | 21 19 24 64 11 26 19 56 0.123
an examination when... 33) 1 (30) [(38) [(53) |(20) |46) |34 ¢4
I write in a style that 29 24 10 63 1 17 38 56 >.001
feels more normal in an 46) | (38) [(16) [(53) | (@) (30) |(68) |47
examination when...
I try not to make 18 18 28 64 3 25 28 56 0.003
changes unless they are 28) | (28) [(44) [(53) | (5 45) | (50) (@n
really important when...
I change, move or 42 13 8 63 11 21 24 56 >.001
correct words or phrases | (67) | (21) |[(13) |(53) [(20) |(38) |43) |47)
most when...

I think the overall 38 15 11 64 3 21 32 56 >.001
structure/argument of 39 1@23) [A7 [(53) |[(5) (38 |67 4N

my response is better

when...

I make more effective 43 16 5 64 2 15 39 56 >.001
use of the time available | (67) |(25) |(8) B3) @) 27) [(70) |@47)
in an examination
when...

I go back and read over |28 28 8 64 3 23 30 56 >.001
my response most in an “44) (44 [13) [(53) | (5) a1 |54 4N
examination when...
I feel more stressed in an 15 28 21 64 18 22 16 56 0.589

examination when... 23) (44 [(33) [(53) [(32) |39 (29 (4D
I am more likely to run 13 28 23 64 16 22 18 56 0.601
out of time in an (200 [(44) [ (36) |(53) |29 |(39) |(32) @47

examination when...
Overall, I feel I perform |37 22 4 63 1 14 41 56 >.001
better in an examination | (59) |[(35) |(6) B3) @ 25) |(73) (@&
when...

When comparing the grades of typists and hand-writers (shown in Table 8) across
both units, no statistically significant difference was found. However, within the
globalisation unit there was a small statistically significant difference in grades between
typists and hand-writers (p = .033). The distribution of each pair was found to be
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Table 7. Grades out of 100 by gender

Unit | Female Male T-test Levene’s
test
n|M |SD |n (M |SD |Df T P F |p
Geo (2476217 |12|56.4 |23 (1,34) 12912 | 0.006 | 1.422 | 0.241
Glo |53(583|18.5|29|56 |20.7| (1,80)|0.519|0.605 | 0.002 | 0.961
Both | 77 163.9|19.8 |41 [56.1 | 21.1 | (1,116) | 1.98 |0.050 | 0.005 | 0.943

normal using standardised skewness and the Shapiro-Wilks tests, with Levene’s test
(shown in Table 8) establishing equivalence of variance. Means and standard devia-
tions are provided for clarity.

Table 8. Grades out of 100 for typists and hand-writers

Unit | Typed Handwrote T-test Levene’s
test
n |M |SD n M |SD |Df T p F P
Geo |25|64.3|21.5|13|76.7|18.8| (1,36)|—1.754 0.088 | 0.212 | 0.648
Glo |39(62.9|21.0|44|53.7|17.4| (1,81)| 2.174 0.033|1.636|0.205
Both |64 163.4|21.0|57(59.0|20.1|(1,119)| 1.190|0.236|0.333 | 0.565

Within each of the geography group (n = 38) and the globalisation group (n = 32)
positive, statistically significant correlations were found between the number of words
written and the grade achieved from Spearman tests (Geo: r, = .628, p = >.001 and
Glo: ry = .865, p = >.001). See Fig. 1.

Geography Globalisation
1200 2500
1000 [ ] 2000 ]
- L] -
£ 800 <
§ % § 1500 ® Typed
600
© . ® (o] T | Handwrote
o () & 1000
= 400—/ ° 0o =
L]
200 5007
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0 0
T T T T T T T T T T T |
0 20 40 60 80 100 0 20 40 60 80 100
Percentage grade Percentage grade

Fig. 1. Correlation between number of words and grade
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Mann-Whitney U tests found no statistically significant difference in the number of
words produced by typists and hand-writers (see Table 9). It is worth noting that word
count data were only available for half the globalisation group and that assessment
tasks were different between Glo and Geo, so the two groups are not comparable.

Table 9. Words produced by typists and hand-writers

Unit Typed Handwrote MW

n |M |SD |n |M |SD |diff |U P
Geography |25(536|170|13|541 178 5|157.5/0.878
Globalisation |22 833 | 8310|620, 71|213| 71 |0.113

6 Discussion

The choice to type or handwrite appears to be multifaceted, but with the strongest
differences declared around being able to type more quickly than handwrite and typing
accuracy. Overall, the results showed an alignment between writing strategies and
choice of text production mode in the examination (see Tables 3 and 6). The result of
52% of students electing to type is much higher than reported in previous studies
involving free choice [9, 14]. The use of in-class practice sessions compared to optional
out-of-class practice sessions used [9] may have contributed to the increased uptake of
the typing option in our study.

In both 70-min assessment tasks, only a minority of hand-writers experienced
discomfort (i.e. agreement of 2.9 out of a maximum 5 with standard deviation 1.2
indicating that only some were impacted). This was consistent with previous work [9]
where a 70-min duration was the cross-over point where discomfort started to become a
problem.

Typists generally agreed that the computer allowed them to produce better
responses on the assessment task (i.e. most Likert items in Table 5 were rated above 4
on the 5-point scale), including that they would like to be able to use a computer for
similar assessments in the future. The weakest agreement related to their ability to
easily refer to reference materials. In this study, students had to scroll up and down
between the materials and their written response. Providing reference materials in a
separate file (that would allow side-by-side window arrangement or ‘Alt-Tab’ between
windows), in a split screen format within the document [26] or on paper, may help in
this regard.

In terms of performance, there were mixed results. The number of words produced
by typists was greater in Glo, as shown elsewhere [16, 17], but less in Geo. The classes
were relatively small and assessment tasks were different, so this may have played a
role. In Geo, hand-writers achieved slightly better grades (but not significantly so) and
in Glo, typists did better with a borderline statistically significant difference in grades.
When comparing by gender, in Geo, females did significantly better. In Glo, they also
did slightly better, but not significantly so. Overall, a weak link between gender and
performance could be claimed within these groups. In both classes, we found a
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statically significant correlation between words produced and marks. The scatter plot in
Fig. 1 shows that the correlation occurred over a narrow band in Geo, with a minimum
of 300 words required before a pass was possible. Yet an adequate word count certainly
does not guarantee a pass. Similarly, a larger number of words above 600 did not see
the highest grades; indeed, those with the highest grades wrote about the same as the
group mean of 538 words. The scatter plot for Glo shows a more tightly monotonic
relationship between words and grades. Again, correlation is certainly not causation in
terms of word count — quality still matters!

7 Conclusion

Overall, we observed a significant alignment between preferred writing strategies and
choice of text production method in the two trials. Further, the grades achieved between
typists and hand-writers did not differ significantly. These two facts are not surprising
when dealing with thinking, purposeful humans who aim to maximise outcomes.
However, this does raise the concern that should a shift occur towards fully-typed
assessment, then a period of transition with assistance for those who preferred hand-
writing should occur to ensure they are able to adapt successfully.
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willing to ‘give it a go’.

References

1. TEAA: Transforming exams across Australia. Australian Government Department of
Education and Training, Grant ID15-4747 (2015). http://transformingexams.com

2. Fluck, A., Hillier, M.: Innovative assessment with eExams. Presented at the Australian
Council for Computers in Education Conference, Brisbane, 29 September to 2 October
(2016). http://conference.acce.edu.au/index.php/acce/acce2016/paper/view/34/27

3. Hillier, M., Fluck, A.: Transforming exams - how it works for BYOD e-Exams. Presented at
the Australasian Society for Computers in Learning in Tertiary Education Conference,
pp.- 100-105. Toowoomba, Australia (2017). http://2017conference.ascilite.org/wp-content/
uploads/2017/11/Concise-HILLIER.pdf

4. Fluck, A., Hillier, M.: eExams: strength in diversity. In: Tatnall, A., Webb, M. (eds.) WCCE

2017. TIAICT, vol. 515, pp. 409-417. Springer, Cham (2017). https://doi.org/10.1007/978-3-

319-74310-3_42

Swets, J.A., Feurzeig, W.: Computer-aided instruction. Science 150(3696), 572-576 (1965)

6. Tatnall, A., Webb, M. (eds.): Tomorrow’s Learning: Involving Everyone. Learning with and
about Technologies and Computing. Springer, Heidelberg (2017). https://doi.org/10.1007/
978-3-319-74310-3

7. Crisp, G.: Towards authentic e-assessment tasks. Presented at the EdMedia: World
Conference on Educational Media and Technology, Honolulu, HI, pp. 1585-1590 (2009).
http://www.editlib.org/p/31689/

e


http://transformingexams.com
http://conference.acce.edu.au/index.php/acce/acce2016/paper/view/34/27
http://2017conference.ascilite.org/wp-content/uploads/2017/11/Concise-HILLIER.pdf
http://2017conference.ascilite.org/wp-content/uploads/2017/11/Concise-HILLIER.pdf
http://dx.doi.org/10.1007/978-3-319-74310-3_42
http://dx.doi.org/10.1007/978-3-319-74310-3_42
http://dx.doi.org/10.1007/978-3-319-74310-3
http://dx.doi.org/10.1007/978-3-319-74310-3
http://www.editlib.org/p/31689/

274

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

M. Hillier and N. Lyon

Siilzenbriick, S., Hegele, M., Rinkenauer, G., Heuer, H.: The death of handwriting:
secondary effects of frequent computer use on basic motor skills. J. Motiv. Behav. 43(3),
247-251 (2011)

. Hillier, M.: To type or handwrite: student’s experience across six e-Exam trials. In: Reiners,

T., von Konsky, B.R., Gibson, D., Chang, V., Irving, L., Clarke, K. (eds.) Proceedings of the
ASCILITE Conference, Perth, Australia, pp. 143-154 (2015). http://transformingexams.
com/files/Hillier_2015_ascilite_fp.pdf

Fluck, A., et al.: eExam symposium: design decisions and implementation experience.
Presented at the IFIP World Conference on Computers in Education, 3—-6 July, Dublin,
Ireland (2017). http://transformingexams.com/files/Fluck_etal_2017.pdf

Hornblad, P., Brenner, M.: Digital Exam. SUNET Incubator project, NORDUnet (2016).
https://portal.nordu.net/display/Inkubator/Digital+Tentamen

Dermo, J.: E-assessment and the student learning experience: a survey of student perceptions
of e-assessment. Br. J. Edu. Technol. 40, 203-214 (2009)

Mogey, N., Fluck, A.: Factors influencing student preference when comparing handwriting
and typing for essay style examinations: essay exams on computer. Br. J. Educ. Technol. 46,
793-802 (2014)

Purcell, M., Paterson, J., Mogey, N.: Exams: comparing handwritten essays with those
composed on keyboards (Final Report). Heslington: The HEA (2012)

Hillier, M.: The very idea of e-exams: student (Pre) conceptions. In: Proceedings of the
ASCILITE Conference, Dunedin, New Zealand, pp. 77-88 (2014). http://ascilite.org/
conferences/dunedin2014/files/fullpapers/91-Hillier.pdf

Mogey, N., Paterson, J., Burk, J., Purcell, M.: Typing compared with handwriting for essay
examinations at university: letting the students choose. Res. Learn. Technol. 18(1), 29-47
(2010)

Fluck, A.: eExaminations Strategic Project Final Report for Academic Senate (unpublished
report). University of Tasmania, Australia (2011)

Rankin, A.: A comparability study on differences between scores of handwritten and typed
responses on a large-scale writing assessment (unpublished Ph.D. dissertation). University of
Iowa, IA (2015)

Terzis, V., Economides, A.A.: Computer based assessment: gender differences in
perceptions and acceptance. Comput. Hum. Behav. 27(6), 2108-2122 (2011)

Monash College Australia, Foundation Year (2016). https://web.archive.org/web/
20160402024339/http://www.monashcollege.edu.au:80/courses/foundation-year

Hillier, M., Lyon, N.: Student experiences with bring your own laptop e-Exams in
pre-university college. In: Passey, D. et al. (eds.) OCCE 2018, IFIP AICT, vol. 524,
pp. 253-263. Springer, Heidelberg (2019)

Jamieson, S.: Likert scales: how to (ab)use them. Med. Educ. 38(12), 1217-1218 (2004)
Mann, H.B., Whitney, D.R.: On a test of whether one of two random variables is
stochastically larger than the other. Ann. Math. Stat. 18(1), 50-60 (1947)

Freeman, G.H., Halton, J.H.: Note on an exact treatment of contingency tables, goodness of
fit and other problems of significance. Biometrika 38, 141-149 (1951)

Spearman, C.: The proof and measurement of association between two things. Am.
J. Psychol. 15, 72-101 (1904)

Al Nadabi, Z.: Features of an online English language testing interface. In: Proceedings of
the ASCILITE Conference, 30 November—3 December, Perth, Australia, pp. 369-373
(2015)


http://transformingexams.com/files/Hillier_2015_ascilite_fp.pdf
http://transformingexams.com/files/Hillier_2015_ascilite_fp.pdf
http://transformingexams.com/files/Fluck_etal_2017.pdf
https://portal.nordu.net/display/Inkubator/Digital%2bTentamen
http://ascilite.org/conferences/dunedin2014/files/fullpapers/91-Hillier.pdf
http://ascilite.org/conferences/dunedin2014/files/fullpapers/91-Hillier.pdf
https://web.archive.org/web/20160402024339/http://www.monashcollege.edu.au:80/courses/foundation-year
https://web.archive.org/web/20160402024339/http://www.monashcollege.edu.au:80/courses/foundation-year

)

Check for
updates

Students’ Perceptions of e-Assessment

A Case Study from Germany

Bastian Kﬁppersl(g) and Ulrik Schroeder?

' IT Center, RWTH Aachen University, Aachen, Germany
kueppers@itc. rwth-aachen. de
2 Learning Technologies Research Group, RWTH Aachen University,
Aachen, Germany
schroeder@cs. rwth-aachen. de

Abstract. In order to verify common findings in the literature regarding the
conception of e-assessment among students, we carried out a survey based on
common findings. Our survey, which has been carried out over several higher
education institutes, enhances the already existing findings by adding new
facets. The achieved results are promising in that students seem to be open-
minded regarding e-assessment, which is in line with the findings in the already
existing literature. However, there are some open points that have to be resolved
in a reliable way in order to completely convince the students of the opportu-
nities offered by e-assessment.

Keywords: Computer-based assessment - e-Assessment - BYOD - Cheating

1 Introduction

If e-assessment is to be introduced into the examination system of an institute of higher
education (IHE), it is not only the staff of the latter that have to accept this type of
assessment, but also the students [1], especially when it comes to e-assessment on
students’ devices (BYOD) [2]. Therefore, it is of interest for IHEs that are willing to
introduce e-assessment, to be aware of the possible limiting factors from the students’
points of view, to tailor the e-assessment system and the process of integration to the
students’ needs.

To verify that the findings regarding the students’ points of view in the literature are
valid for our institution, we carried out our own survey about e-assessment, BYOD
scenarios and cheating in examinations.

The paper is structured as follows: in the second section, we give a brief overview
of the findings already presented in the literature. In the third section, we discuss the
setup of our survey, followed by a discussion of the achieved results in the fourth
section. The paper closes with a summary and an outlook.
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2 Related Research

There is a lot of literature about students’ perceptions of e-assessment, which has been
written over the last years. Most of these papers focus on a particular IHE, e.g. Saudi
Electronic University, Saudi Arabia [3] and Dow University of Health, Pakistan [4].
Some papers focus even on a single study course, e.g. Polytechnic Institute of Porto,
Portugal, Marketing Degree [5], University College London, UK, Chemical Engi-
neering [6], Hong Kong Polytechnic University, Hong Kong, Rehabilitation Sciences)
[7] and Kocaeli University, Turkey, Desktop Publishing [8]. The findings reported in
these papers testified generally positive students’ attitudes regarding e-assessment.

For the course of this paper, the most important publication is “e-Exams with
student owned devices: Student voices” by Hillier [2], since his paper focuses on a
BYOD scenario. There are many interesting findings about students’ perceptions
not only regarding e-assessment, but especially about their perceptions regarding
e-assessment on their own devices. However, even Hillier’s research was conducted
only in one IHE.

3 Design of the Survey

We constructed our survey based on the findings in a previous paper [2], to answer our
research question: Which factors influence students’ perceptions of e-assessment?
We anticipated that the perception of e-assessment is influenced by:

gender
age

e the study programme (science, technology, engineering and mathematics (STEM)
versus humanities, for example)

e technology affinity

e the stage of study (Bachelor versus Master level)

Since we expected the results to be additionally influenced by the general tech-
nology affinity of the students, we incorporated another questionnaire as part of our
survey to be able to distinguish technology accepting students and technology reluctant
students. This questionnaire is the TA-EG questionnaire by Karrer et al. [9], which is
designed to measure technology affinity. The items of the TA-EG questionnaire have
been reordered to eliminate effects that could originate from the clustered answers of
the original questionnaire. Additionally, unlike existing surveys, we wanted to carry
out the survey at multiple IHEs and for different study courses.

Altogether, this resulted in the, originally German, survey as shown in Table 1. The
survey was carried out mainly with students of RWTH Aachen University and FH
Aachen University of Applied Sciences, but also students at Maastricht University,
Alpen-Adria-University Klagenfurt, TU Berlin, FOM Hochschule fiir Oekonomie und
Management (Study Centre Aachen) and Albstadt-Sigmaringen University were invi-
ted to participate. The study programmes mentioned explicitly in the survey are the
main study programmes, which are related computer science courses at those
universities.
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Table 1. The survey (translated to English).

Part

Item

Scale

General

TA-EG

e_
Assessment

BYOD

Age
Study programme

3 Options”
9 Options”

Gender

I like to have new electronic devices

Electronic devices cause illness

I like to go to stores for electronic devices

I (would) have problems understanding electronic and
computer magazines

Electronic devices provide a high standard of living
Electronic devices lead to intellectual impoverishment
Electronic devices make many things more complicated
I inform myself about electronic devices, even if I have
no intention to buy them

Electronic devices make you independent

I enjoy trying out electronic devices

Electronic devices make everyday life easier for me
Electronic devices increase security

Electronic devices reduce personal contact between
people

I know most of the functions of the electronic devices I
own

I am thrilled when a new electronic device comes onto
the market

Electronic devices cause stress

I know about electronic devices

It is easy for me to learn how to operate an electronic
device

Electronic devices help to obtain information

El: I think it is very good to have electronic
examinations in my studies

E2: I think that electronic examinations are a good
complement to paper-based examinations

E3: I think that electronic examinations are a good
substitute to paper-based examinations

E4: I see advantages of electronic examinations, namely
ES5: I see disadvantages of electronic examinations,
namely

B1: I find it very advantageous if electronic
examinations are carried out on my own electronic
device (laptop)

B2: I see the following advantages in using my own
electronic device (laptop) for an examination, namely

2 Options
Five-level Likert
Scale (SLLS)

5LLS

4 Options®
4 Optionsc1

SLLS

3 Options®

(continued)
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Table 1. (continued)

Part Item Scale

B3: 1 see the following disadvantages in using my own |3 Options’

electronic device (laptop) for an examination, namely
Fraud C1: I think that cheating in paper-based examinations SLLS

can be done very easily

C2: I think that cheating in electronic examinations can

be done very easily

The options for the items noted in Table 1 are:

1<18; 18-25; >25

®Bachelor of Computer Science, Master of Computer Science, Scientific Programming, Techno-
mathematics, Bachelor of Technical Communication, Master of Technical Communication,
Bachelor of Computer Science (Teacher), Master of Computer Science (Teacher), Other (free text)
“Faster Correction, More Realistic Examinations, More Diverse Examination Tasks, Other (free
text)

dSecurity, Usability, Fairness, Other (free text)

“Familiar Device, Location-independent Examinations, Other (free text)

fSe:curity, Differences Between Devices, Other (free text)

4 Analysis of the Results

In total, 408 students responded to the survey with demographics as shown in Table 2.

Table 2. Demographics of the participating students.

Male |Female | Not answered | >
<18 1.2% 0.25% | 0% 1.5%
18-25 60.3% |16.67% | 0.5% 77.5%
>25 14% 6.4% | 0% 20.3%
Not answered | 0.46% |0 0.25% 0.7 %
> 75.96% |23.3% |0.74% 100 %

About three quarters of the participating students were male and one quarter were
female. A similar distribution can be seen for the age, where about three quarters were
aged between 18 and 25 years and nearly a fifth of the students were aged above 25
years.

The students came from a variety of study programmes, as can be seen from Fig. 1.
Other programmes of study included artificial intelligence, engineering and physics.
So, despite individual students studying in programmes like economics and literature,
the vast majority of the study programmes were related to a STEM topic. Therefore, it
is not surprising that the results of the TA-EG questionnaire did not allow for identi-
fying subgroups with different affinities regarding technology.

The plots in Fig. 2 refer to the original grouping of the TA-EG questionnaire,
which has four groups: Enthusiasm, Competency, Positive Attitude, and Negative
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= Bachelor Computer Science
= Master Computer Science

Scientific Programming

= Technomathematics
= Bachelor Technical Communication
= Master Computer Science (Teacher)

= Other

Fig. 1. Distribution of study programmes.

Attitude. The five subplots in each of these plots refers to a question in the corre-
sponding group of questions of the TA-EG questionnaire. Please note that every item in
the TA-EG questionnaire in our survey used a five-level Likert scale ranging from 1
(“Strongly agree”) to 5 (“Strongly disagree”). The overall variance of these items was
0.76, which accounts for the indistinguishability of different subgroups.

HHL AT
!

T T T T T
Enthusiasm Competency

T T T T T T
Positive Attitude Negative Attitude

Fig. 2. Violin plots [10] of the TA-EG sub-questionnaire.
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Since there were too few students enrolled in a study course that were not from the
STEM field, the collected data were not suitable to answer whether the study course
influenced the students’ perceptions of e-assessment. The absence of those students
may be caused by the decision to carry out the survey via an online portal, which may
have biased the results so that only students participated who had an affinity for
technology. However, that cannot be concluded from the data.

4.1 Influences of Gender and Age

To examine the influence of gender, age, and study level (bachelor or master) the data
set was split into subsets accordingly. These subsets were then tested for significant
differences with a Fisher test [11]. The results for the Likert-scaled questions can be
found in Table 3.

Table 3. p-values for the Fisher test.

p-Value

Gender Age Study level
E1]0.04536 < 0.05 | 0.0951 < 0.1 0.1661
E2 | 0.4115 0.002503 < 0.01 | 0.0534 < 0.1
E3 |0.6161 0.14 0.7155
B10.2079 0.211 0.1844
C1/0.5356 0.6287 0.3458
C20.5694 0.5445 0.185

Given these p-values, conclusions about the influence of gender, age and study
level are possible to a certain extent. Regarding question E1, it seems that women are
more hesitant to accept e-assessment as part of the examination system. In addition,
students between 18 and 25 years seem to be more positive about e-assessment than
students of other ages. For question E2, the age again makes a difference, as students
older than 25 years seem to be less convinced that e-assessment is a good complement
to paper-based examinations compared to younger students. The same tendency is
revealed when considering the question about whether the study level influences the
perception of e-assessment. Students that are enrolled in a master’s programme seem to
be more reluctant regarding e-assessment than students in a bachelor’s programme. If
this tendency is caused by the progress in the studies or by age, again, is a crucial factor
that cannot be concluded from the data, which is shown in Fig. 3.
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ity

Female Male Overall youngerthan 18  18-25  olderthan25  Overall
E1, Gender El, Age
e = 231,07 = 1.39 Uerg = 2.5,0%,5 =19
Um = 205, Om = 1.08 Hig—25 = 2.06, 0-128—25 =117
U = 212,02 = 1.2 Uszs = 2.30,0%,5 = 1.16

U = 212,02 =1.2

4%t 444

youngerthan18  18-25  olderthan25  Overall Bachelor Master Qverall
E2, Age E2, Study Level
Uerg = 1.5,0%,3 =03 up = 1.81,07 = 0.68
Uig—2s = 1.91,0%_,5 = 1.1 Um = 1.99,02% = 1.15
Uszs = 2.16,02%,5 = 0.99 Uo = 197,02 =11

U, =197,05 = 1.1

Fig. 3. Violin plots for questions E1 and E2.

£32;

E3 B1 C1 C2

4
|

Fig. 4. Violin plots of questions E3, B1, C1, and C2.
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5 Discussion

The achieved results from the survey show a rather clear picture. The students would
like to have electronic examinations in their studies, but not necessarily as a replace-
ment for paper-based examination, but rather as a complementary approach, as the
answers of questions E2 and E3 (see Fig. 4) suggest. This perception of e-assessment is
understood through advantages, which cover topics like faster correction (75.98%, E4),
more realistic assignments (62.74%, E4), more diverse examination tasks (45.34%,
E4), and readability (which was stated in free text comments). However, students are
also concerned about disadvantages, like security (41.67%, ES), usability (42.64%,
ES), and fairness (34.56%, E5). Additionally, technical difficulties and the subsequent
loss of already solved assignments are mentioned very often in the comments. Overall,
less than half of the students sees disadvantages in e-assessment; however, especially
when it comes to a BYOD approach, the students are afraid that technical difficulties
may lead to a handicap for them or that they have to have a capable device on their
own. Still, the tendency seems to be positive regarding a BYOD approach (see B1 in
Fig. 4), as students see the advantage of a familiar device (89.7%, B2). However, due
to the reported concerns, it is very important to have a reasonable backup strategy for
these situations. As we have discussed elsewhere [12], it is important to regularly have
backups during an e-assessment, so that a student can simply switch to an emergency
device provided by the IHE in case her own device breaks down. These emergency
devices could also be used for students that cannot afford a device on their own in order
to enable these students to participate in electronic examinations. Additionally, the
topic of fairness is important to the students, as they state differences between the
students’ devices as the main concern when utilising BYOD (82.84%, B3). Further-
more, topics like security or cheating are of importance for the students. The students
are rather split about the risk of cheating in paper-based examinations; however, there
is a tendency that students think that it is easier to cheat in electronic examinations (see
C1 and C2 in Fig. 4). Therefore, new ways of reducing the risk of cheating in elec-
tronic examinations have to be found, as we have discussed elsewhere [13] and pre-
sented an approach to security [14].

Age is seemingly a factor; it does influence the perception of e-assessment in
line with the concept of Digital Natives introduced by Prensky [15]. He claims that
“[tloday’s students have not just changed incrementally from those of the past”, but
underwent a drastic change of attitude, because “the arrival and rapid dissemination of
digital technology in the last decades of the 20th century [was] an event which changes
things so fundamentally that there is absolutely no going back”. The evidence gained
from the survey suggests a similar conclusion, because there is a statistically significant
difference between students over the age of 25 years in comparison to younger stu-
dents. Shelley White states in her article “The Generation Z effect” [16] that “Gen Z is
loosely accepted as people born in the mid - to late-1990s and later. (According to the
Pew Research Center in the United States, the last Gen Y was born in 1997, while
Statistics Canada says Gen Z starts with people born in 1993)”. The timespan men-
tioned in her article is exactly in line with our findings of the age that has an influence
on the perception of e-assessment.
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Gender having an influence on the perception of e-assessment is actually not sur-
prising, as many studies show that women seem to have a lower confidence in using
technology in general than men, for example Kadijevich [17], Kahveci [18], and Yau
and Cheng [19], whether this is justified or not. Therefore, it is reasonable to assume
that the same tendency can be observed when examining the perception of
e-assessment.

6 Summary and Outlook

In order to identify factors that influence students’ perceptions of e-assessment, we
carried out our own survey based on the findings in a previous paper [2]. However, we
extended our survey over multiple IHEs to gain a broader view. The results are
promising, in that students seem to be open-minded regarding e-assessment, which is in
line with the findings in the already existing literature. However, there are open points
that have to be reliably resolved in order to convince the students completely of e-
assessment. Therefore, more research is needed to uncover all the open questions that
exist among the students as well as to find solutions to these open questions. Further
research could also tackle the question as to whether affinity to technology and the field
of study have a direct influence on the perception of e-assessment. In addition, it could
be further investigated if the influence of the study level is indeed significant, due either
to further progress in studying or if there is a hidden correlation between age and level
of study.
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