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It is in the very nature of the human condition
that each new generation grows into an old
world, so that to prepare a new generation
for a new world can only mean that one
wishes to strike from the newcomers’ hands
their own chance at the new.

Hannah Arendt,
The Crisis in Education, 1954



Preface

Technology-enhanced learning has been a subject of discussion since the very early
days of computer science and human–computer interaction. However, many
of these early promises, such as intelligent tutors or personalised learning, were
never realised. Several of these ideas were technology oriented, and the populari-
sation of user-centred information systems made apparent that user-centred design
techniques were appropriate for technology-enhanced learning too.

In this spirit, we co-chaired a conference session with Aimilia Tzanavari of the
University of Nicosia, Cyprus, initially titled ‘Dissecting the User Experience when
the User’s Objective is to Learn’, and then ‘User Experience in and for Learning
Technology’. The session found a good home at the International Conference on
Learning and Collaboration Technologies (LCT) as part of the Human-Computer
International conference (HCII) for several years.

The idea for the book was born as a result of these sessions. Over the years, a
community of tens of experts in these sessions has contributed their ideas to the
body of knowledge; however, we did not select the material for this book to be
exclusively by these authors, and instead issued an open call so as to include more
contributions. We believe we managed to give the opportunity for fresh ideas in
designing learner experiences to come forward.

We would like to thank Aimilia Tzanavari, now at Proto.io, for the years we
co-organised the session; Panayiotis Zaphiris and Andri Ioannou, of the Cyprus
University of Technology, Cyprus, for organising LCT as part of HCII; Gavriel
Salvendy, of Purdue University, USA, and Tsinghua University, Beijing, P.R. of
China, and Constantine Stephanidis, of University of Crete/Foundation for
Research and Technology—Hellas (FORTH), Greece, for organising HCII.

In addition, we would like to acknowledge Trinity College Dublin, the
University of Dublin, for their flexibility which allowed us to prepare this book.
Evangelos would like to thank his colleagues at the Science Gallery Dublin and
Maria at the School of Computer Science and Statistics.

The research of Evangelos Kapros has received funding from (a) the Learnovate
Centre at Trinity College, the University of Dublin, under the Technology Centre
Programme through the Government of Ireland’s state agencies Enterprise Ireland
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and IDA Ireland and (b) SySTEM 2020, from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement No. 788317.

The research of Maria Koutsombogera has received funding from the European
Union’s Horizon 2020 research and innovation programme under the Marie
Skłodowska-Curie Grant Agreement No. 701621 (MULTISIMO).

This book could not have been completed without the help of many people. We
sincerely thank all the authors for warmly supporting this endeavour through
contributing to this book with their chapters and for engaging in peer-reviewing.
We would also like to thank Beverley Ford and Nancy Wade-Jones at Springer
(London, UK) for their invaluable support and assistance in publishing this book in
a timely fashion.

Barcelona, Spain Evangelos Kapros
Dublin, Ireland Maria Koutsombogera
June 2018
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Chapter 1
Introduction: User Experience
in and for Learning

Evangelos Kapros and Maria Koutsombogera

Abstract This chapter serves as the introduction to the edited volume ‘Designing
for theUser Experience in Learning Systems’. It sets out to frame design for learning,
including the description of some design principles for learning systems, and then
proceeds to set the goals of the volume, indicate some prior work in this area, and
summarise the contributions of the chapters in terms of addressing the goals.

1.1 Introduction

Learning technology has been widely used to support the learning and teaching pro-
cesses, but has also served as a mechanism for knowledge creation and acquisition.
The field of learning technology faces some specific challenges. Two of these chal-
lenges, described in more detail below, are the diversity of learning experiences, and
the multiple stakeholders that are central in learning. Research in designing learning
systems that seeks to address challenges in these aspects in a combinedway is scarce;
this volume attempts to fill this gap.

Learning experiences can be different from other ones, but also between them.
The experience of an assessment can be very different to the experience of con-
suming educational content; however, contemporary user-centred (UCD) and user
experience (UX) designmethods treat them identically. It is possible to perform tasks
that evaluate the functional usability of a piece of technology without investigating
its educational usefulness; similarly, it is possible to investigate if a certain learning
strategy, including a specific technology, produces learning benefits without investi-
gating the usability of the experience. While the recent introduction of user-centred

E. Kapros
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2 E. Kapros and M. Koutsombogera

methods in learning technology is more than welcome, it has not always been clear
in how the fruits of these methods have led to better learning outcomes.

In addition, learning technology has the attribute that the end users, the learn-
ers, are often not in control of which learning technology they will use or why,
something for which the role of the instructor is often responsible—neither are the
learners in control of what content, activity, or assessment they will consume or per-
form. Moreover, the purchaser or approver of a learning technology is more often
than not someone other than the learner, and often other than the instructor. These
attributes persist throughout the learning landscape, where the learner, instructor, and
purchaser can be either a student, teacher, and parent, or an employee, trainer, and
human resources/talent management department, respectively for K-12 and corpo-
rate learning. This role distinction is non-existent in consumer software applications,
in which e.g. a music player software application is typically used by the purchasers,
who also directly select the content of the musical content they will consume.

Therefore, the principles that govern the design of user experiences for learning
need to satisfy the challenges that are unique to learning systems. The following
section frames the context and introduces such high-level principles.

1.2 Framing Design for Learning

1.2.1 Design Principles

1.2.1.1 Design for the Educative Relationships Triangle

The Educative Relationships Triangle, often called “The Iron Triangle” of education
(cf. Fig. 1.1), informs us that the Learner-Instructor-Knowledge relationships are of
paramount importance in their entirety for learning to flourish. Learner-centric design
should facilitate all three points of the triangle, rather than be learner-only design;
as the latter would be to the expense of the Learner-Instructor, Learner-Knowledge,
and Instructor-Knowledge1 relationships.

Specifically, a design that would focus on the Learner-Teacher relationship but
would neglect Content/Knowledge, would potentially create a pleasant social inter-
action at school or at corporate training. However, it would not necessarily be educa-
tional, if the content is not present strongly enough or is not appropriate. Similarly,
a design that would focus on the Learner-Content relationship but would neglect
the Teacher could result in the Learner engaging with potentially fun content, but
without the mediation of the teacher this fun content might not be useful for learning.
Finally, a design that would focus on the Teacher-Content relationship may end up

1Knowledge and Content are used interchangeably in most depictions of the Triangle, and also here.
The aim is to point that, in this context, Content should not be understood as a static piece of text in
a book as in previous times, but could be an interactive activity on a tablet, a project in a laboratory,
or an assessment. It is in this way that the more generic term Knowledge can be used instead.
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Fig. 1.1 The “Iron Triangle” of educative relationships triangle

with teachers teaching all the content they prefer, but with the learners not necessarily
learning something from it.

Thus, a learner-centric design should have a scope that includes the teacher and
content, so as to facilitate meaningful teaching and assessment (cf. Fig. 1.2). In this
case the user would know that the teaching and assessment are done for content that
is appropriate, by teachers who have organised the delivery of it, and by students that
are prepared for it.

1.2.1.2 Focus on Learning

Education is, ultimately, a human enterprise: technology should facilitate it, but it
should not be an end in itself. Thus, our focus must always be on education. We
must design services to help people facilitate and enable learning. While technolog-
ical advancements in the field are laudable, they will not lead to improved learning
outcomes on their own.
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Fig. 1.2 a Inner circle: a
student-centred system
design whose scope excludes
Teachers and content.
b Outer circle: a
student-centred design
whose scope is intended for
including the educative
relationships triangle

1.2.1.3 Pedagogically Inclusive Design

Apart from the traditional definitions of disability and accessibilitymentioned above,
a pedagogically inclusive design should also cater for different learning needs. To
this end, we embrace broad definitions of accessibility (Inclusive Design Research
Center n.d.) which include user diversity in terms of their educational needs, and
can have a big impact in designing for varying and diverse learning needs. Pedagog-
ically inclusive design often requires a high level of empathy (Kapros 2016) for the
learners.

1.2.1.4 Pedagogical Appropriateness

Understanding the pedagogical premises of a proposed solution in a learning envi-
ronment project is key in designing said solution. The pedagogical frameworks used
are one source of information about actual user needs and should be used in par with
user input. Should a conflict between user input and pedagogy arise, understanding
where the input and the pedagogy came from often helps resolve or mediate the
conflict, and makes apparent the actual user needs instead of their preferences. This
includes following age-appropriate guidelines, such as the ones in Hourcade (2015).
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1.2.2 Goals

While the focus of the UX research and design discipline and the Learning Sciences
and instructional design disciplines is often similar and almost always tangential,
there seems to exist a gap, i.e. a lack of communication between the two fields. Not
much has been said about how UXDesign can work hand-in-hand with instructional
design to advance learning. Thus, the goal of this book is to bridge this gap by
presenting work that cuts through both fields.

To illustrate this gap in more detail, we provide a combined view of UX Research
and Design and Educational Technology. While the traditional view has perceived
the Learning Experience Design as a field of Instructional Design, we will highlight
its connection with UX, an aspect that has become increasingly relevant.

The book also aims to present research on learning technology that is truly learner-
centric, and treats the human experience as a solution to the problems faced by
contemporary education.

Our focus on user experience research and design has a unique emphasis on
the human learning experience: we strongly believe that in learning technology the
technological part is only mediating the learning experience and we do not focus
on technological advancements per se, as we believe they are not the solution, in
themselves, to the problems that education is facing.

Moreover, UX and HCI research has typically focused on the experience of an
individual learner, and specifically on aspects other than learning; examples include,
but are not limited to, playfulness, engagement, fun, or “traditional” usability. These
aspects re-enforce an individualistic understanding of learning, as opposed to a col-
lective experience of learners functioning as parts of a larger system. This transfer of
methods from UX/HCI without the additional domain expertise in learning can lead
to misguided projects; to name an example scenario, engagement has been found
to have no correlation with improvement in learning (Garon-Carrier et al. 2016;
McConney et al. 2014; Ryan and Deci 2002), but is commonly used as a metric in
learning technology projects, simply because of the familiarity of UX designers with
it as a metric of commercial success in non-educational systems.

This book aims to lay out the challenges and opportunities in this field and high-
light these, through research presented in the various chapters. The content of this
contributed volume covers a relatively broad spectrum of detailed research topics
encompassing both design aspects and use case studies. Contributions span human-
centred and accessibility design approaches, assessment methodologies of transver-
sal skills, innovative pedagogical frameworks and tutoring systems to multicultural
learning experiences in the Middle East. Thus, this book presents a unique opportu-
nity to represent areas of learning technology that go very far beyond theMOOC and
the classroom technology. It provides an outstanding overview and insights in the
area and it aims to serve as a significant and valuable source for learning researchers
and practitioners.

Emphasis has been recently put on the user-centred design, an approach where the
user feedback loop informs each step of the design (ISO 2010). The challenge lies



6 E. Kapros and M. Koutsombogera

in that the philosophy of human-centred design needs to be integrated into learning
technologies and apps, in terms of processes (i.e. in the design of learning activities
and educational technology), but also in terms of methods, i.e. learning design. Such
design is heavily based on use cases that represent the distinct phases of a usage
scenario, and that can be understandable by both developers and end users (Cockburn
2000). In this sense, the more accurate and inclusive a use case is, the more engaging
it will be to the end users. The design of use cases faces some challenges that the
relevant stakeholders and the related research need to address by introducing new
methodologies. These challenges refer to insufficient definitions and documentation,
as well as lack of collaboration in structuring use cases, resulting in poorer quality.

An important aspect in evaluating a user interface is the assessment of its usability.
Usability evaluation takes into account the functionalities of an interface and assesses
its ease of use and attractiveness (Bias andMayhew 2005). Evaluation methods have
been developed using robust, reliable and objective metrics to measure whether an
interactive system is usable and to what extent. A common tool to evaluate learning
environments is a usability survey. As regards collaborative aspects, such surveys
should include questions assessing the facilitation of collaboration and results should
be exploited in such a way that will improve future versions of the interactive inter-
face.

Learning software or system development may be evaluated with traditional
methodologies or via heuristic evaluation. A typical process involves the user inter-
acting with the system following a scenario that indicates activities that the user
has to carry out, and these activities are observed and measured. Mobile instruction
and mobile learning (Quinn 2000) make the evaluation issue more complex, as it is
hard to track the multiple users and the multiple devices they use, together with the
flexibility and the multitude of ways they can use a learning platform or a game.

The above are only a few, but important, reasonswhywe think that LearningExpe-
rience Design can and should expand itself and cross-pollinate itself with UX/HCI
research and practice, in order to infuse Instructional Design so as to result to mean-
ingful learning experiences.

1.3 Challenges and Opportunities Addressed in this Book

The aim of this book is to provide a common ground for learning researchers, learn-
ing practitioners and UX experts to present their perspectives and their needs. In
this respect, the chapters included in this book discuss the state of the art and aim
to build a shared understanding of open challenges in our “Design for Learning”
framework and the way the related UX research and design could accommodate the
related pedagogical design principles. It includes application areas, components of
pedagogical design to be implemented in software tools, as well as types of tools
themselves from the learner-centric perspective.
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1.3.1 Prior Work

A recent trend that has been adopted in learning delivery is that of Mobile Learning
(Kearney et al. 2012; Traxler 2010). The use of mobile technologies in formal and
informal educational settings is claimed to provide personalised educational expe-
rience following a user-centred approach. While the benefits of Mobile Learning
regarding ease of access and cost effectiveness have been highlighted, there are still
several challenges to be addressed, including further qualitative research on aspects of
content delivery and UX design, as well as on defining the interconnections between
formal and informal settings.

Improving student engagement has been a focus in the design of learning tech-
nologies and pedagogical environments (Zyngier 2008). In this respect, the design
and deployment of serious and immersive games can significantly help towards this
direction, by providing an approach that pursues engagement in a platform where
an activity, a game, stimulates learning and social skills in an interactive and playful
manner. Serious games are a non-traditional learning environment that can motivate,
stimulate and engage students and learners in general, to overcome challenges and
discover or acquire new knowledge (Peirce et al. 2008; Prensky 2003). They can be
employed for independent learning as well as additionally to traditional pedagogical
methods (Mach 2009) and give learners the opportunity to use them on their own
time and pace as well as to acquire essential skills before they continue in more com-
plex areas. The related interfaces in principle follow an integrated design approach
(e.g. attractive storyline, highly interactive 3D environment) to achieve a stimulating
learning experience.

Similarly to serious games, virtual worlds as a learning environment encourage
collaboration, interaction and shared understanding among people from different
locations, but also from different cultural backgrounds. Given the positive impact
of virtual worlds on the learning outcomes of students (regarding e.g. knowledge
transfer and social skills) (Freeman et al. 2017; Pellas et al. 2017), the challenge of
the pedagogical model and the UX design of virtual worlds becomes increasingly
important.

Multimedia learning environments often include embodied characters of peda-
gogical nature. Such animated agents can impact the learning process (Baylor and
Kim 2004), therefore their design is a crucial issue. Aspects of their design take into
account appearance and social cues in an attempt to make them more effective and
appealing to learners. From this perspective, it has been claimed that learners are
attracted by agents who present a set of similar features with them (Byrne 1971)
(and that gender orientation is an important factor that may influence interactions
Ridgeway and Smith-Lovin 1999).

Computer Supported Collaborative Learning tools are claimed to provide shared
space for communication and co-construction of knowledge (Stahl et al. 2006).
A two-fold objective for CSCL Computer Supported Collaborative Learning tools
is (a) their design in a way that it promotes skills such as reflection, critical thinking
etc. (Fischer et al. 1993), and (b) the investigation of the way they influence group
learning in terms of effective practices that facilitate group learning.
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Another paradigm that benefits from the intersection of UX and learning design is
that of active or constructive learning, a learning-by-teaching concept where students
are actively involved in their own education (Duran 2017; Bishop andVerleger 2013).
With the use of supporting technologies, learners construct their ownmaterial, which
is related to their course. This process enables them to acquire a deep understanding
of the learning material through the resources that themselves or their peers create.

Furthermore, in the recent years innovative pedagogical frameworks have emerged,
that exploit user-centred design and enabling technologies to connect concepts and
skills of different fields, that have been previously considered unrelated (Honey et al.
2014). A relevant example are efforts towards extending STEM education to include
Arts subjects in curricula (Kim and Park 2012; Quigley et al. 2017) with the aim of
cultivating creative skills tomaximize students’ engagement and the learning impact.

Transversal or 21st century skills are nowadays considered highly linked to the
productivity and competitiveness aspects occurring in the workplace (Voogt and
Roblin 2012). The need to develop and assess those skills has lead to their integra-
tion not only in the higher educational sector but also into the K-12 context, through
teaching and learning in schools. Consequently, this need has been driving research
towards new pedagogical design elements and related design choices for the support-
ive technology and applications (Reeves 2010; Griffin and Care 2015). Therefore,
developing and (self-) assessing transversal skills is yet another topic that demands
the interaction between pedagogical design and UX design. In parallel to traditional
areas such as formal learning and vocational training, an emerging application area
for learning environments is that of professional development that addresses modern
business needs, including corporate environments. In the same spirit, competency-
based-education aims to tackle the challenge of capturing and objectively assessing
employees’ competencies in the workplace. The assessment of transversal compe-
tencies is a challenging issue because of including both professional and behavioral
aspects (Hoekstra and Sluijs 2003).

In this respect, learning technologies are considered, in addition to traditional
methods, to assist in assessing and supporting communication and collaboration
competencies (e.g. peer feedback) that are critical for the work environment.

Traditional methodologies of evaluating the usability of pedagogic software
involve actual end users in a lab or classroom setting (Nielsen 1994). Given the
nature of modern technological learning solutions (such as mobile learning), where
end users can be anywhere, more flexible evaluation solutions are required, such as
heuristic evaluations (Nielsen 1995) in order to test solutions before they are out on
the market.

A related issue is that of safety and security in collaborative learning environments.
Web 2.0 tools provide a creative environment to interact and to share knowledge, thus
making it appropriate for learning purposes as well (Parmaxi and Zaphiris 2017).
However, major concerns have been expressed about potential risks that these tech-
nologies entail to the security aspects of such environments, and especially issues
related to content, interaction with other users and privacy protection (OECD 2011).
Further research is therefore required on tools and methods for monitoring the safety
of students and instructors that make use of Web 2.0.
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A horizontal aspect encompassing recently many endeavours in developing learn-
ing environments is that of the open learning education practice. Open Education and
learning has been claimed to drive learning innovations and achieve higher learning
quality by opening up education (Stracke 2017). Moreover, it offers another perspec-
tive on the learning process; that of the learners’ access to learning opportunities and
building their achievements themselves. In that respect, Open Education tools and
Massive Open Online Courses (MOOCs) aim to improve learning experiences and
facilitate high quality education in an attractive manner (Daniel 2012). This differ-
ent perspective creates a need for a different way of assessing open education and
MOOC results mainly because their design usually does not take into account the
quality development (Stracke 2017). Therefore, there is a need to identify for new
quality strategies and measures, as the traditional assessment (e.g. drop-out rates) is
a no one-size-fits all measure. Instead, MOOC quality assessment should be mea-
sured individually and consider the individual learner’s requirements and intentions.
Similarly to the assessment, MOOC design should also reflect this personalised
dimension regarding the diversity of different personal motivations and intentions of
the learners.

A related challenge is that of accessibility aspects in MOOC design, because of
the diverse requirements from different user groups (Seale 2014); the presence of
such features has been often questioned (Sanchez-Gordon and Lujn-Mora 2017),
thus making it necessary that accessibility design elements need to be integrated in
all steps of the MOOC design process and that persons with disabilities, as foreseen
users, need to be involved in this process. Though the MOOCs quality is often
questionable (Margaryan et al. 2015; Global survey on the quality of MOOCs n.d.),
their potential in providing innovative learning experiences is also highlighted and
current research efforts address and investigate the evaluation of Open Education.

Because of the omnipresence of learning environments that complement or even
replace the classroom experience, it is thus substantial, if not beneficial, to investi-
gate the user experience from both the perspectives of interface design and learning
design. Both perspectives present similarities and differences that serve two aspects
of the user experience, that of dynamic interaction and that of learning gains. Deeper
investigation of this intersection of interface design and learning design, mainly
through theoretical support and evaluations of user interfaces will shed more light
on the positive learning effects that this intersection yields.

1.3.2 Chapters of this Book

This book is organised in two parts. Part I is titled Foundations, Frameworks, and
Principles, and deals with first principles and opportunities for the collaboration
between education, technology, and design, and Part II is titled Applications and
Case Studies and showcases practical applications of and results from applying ideas
such as the ones outlined in Part I.
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While this book does not set out to address each and every individual aspect of
previous work described in the section above, the papers do break new ground in
this general area, mainly by combining expertise in different fields ranging from
Human-Computer Interaction to Learning and Development, K-12 Education, and
inter-cultural communication.

A brief description of each chapter is presented below.

1.3.2.1 Part I: Foundations, Frameworks, Principles

Chapter 2 by Garreta et al. discusses the necessity for a novel conception of the role
of design in education and they focus on human-centred design in the context of
technology-enhanced learning. It addresses the design of both learning activities and
educational technology and they stress the importance of engaging and empowering
educators as designers and team members.

Chapter 3 by Kipp et al. describes a framework and learning mobile application
that brings together innovative pedagogy and supportive technology to promote the
practice, development and self-assessment of ‘21st Century Skills’ in K-12, evalu-
ating design elements and activities related to Universal Access to self-assessment
for ‘21st Century Skills’.

Chapter 4 by Hoter et al. provides an empirical study about a newmodel for inter-
active learning in virtual worlds and they report on challenging issues encountered,
as well as on the usefulness/impact of this teaching environment in enhancing online
collaboration and intercultural competences.

Motivated by the increase in user interface design for educational contexts, Chap. 5
by Joyner illustrates the intersection of interface design and learning design through
a case study on a human-computer interaction class and discusses shared princi-
ples/underlying similarities and blurred lines between interface design and online
education (learning design).

This last chapter for Part I, with a subtitle of “Blurring the Lines between User
Interfaces and Learner Interfaces”, also blurs the line between frameworks and case
studies, and is thus a good transition chapter moving forward to Part II, which is
structured as follows below.

1.3.2.2 Part II: Applications and Case Studies

Chapter 6 by Orero et al. is inspired by the human right of access to education and
discusses design approaches and options for MOOCs towards guaranteeing access
to educational e-content and applications that will lead to the implementation of
accessibility features in the production phase of learning materials.

Chapter 7 by Katsouros et al. introduces an innovative pedagogical framework
actively involving both secondary school students and teachers. It approaches a
user-centered development of integrating cutting-edge technological tools in novel

http://dx.doi.org/10.1007/978-3-319-94794-5_2
http://dx.doi.org/10.1007/978-3-319-94794-5_3
http://dx.doi.org/10.1007/978-3-319-94794-5_4
http://dx.doi.org/10.1007/978-3-319-94794-5_5
http://dx.doi.org/10.1007/978-3-319-94794-5_6
http://dx.doi.org/10.1007/978-3-319-94794-5_7
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activity environments, innovative pedagogy, educational scenarios and lesson plans
to promote STEAM pedagogy research.

Chapter 8 by Neelen et al. presents a novel approach to assessing workplace
transversal competencies through event-based, continuous peer-feedback based on
workplace events, such as meetings and discussions, that was evaluated within mul-
tiple organisations and provides added value to traditional competency assessment
methods.

Chapter 9 by Stelovsky et al. presents an instructional methodology that supports
both students and instructors, within the concept of constructive Learning, where
students actively create teaching materials, i.e. quizzes, that enable them to acquire
a deep understanding of the learning material through the resources that themselves
or their peers create.

Finally, Chap. 10 by Cheema et al. presents a prototype sketch-based physics
tutoring system that provides animation support and visual feedback for a range of
kinematics problems,with the aim to enrich the learning experience for the student by
exploiting the solutions that the students themselves provide to construct the related
animations.

1.4 Summary

This book gathered chapters that understand and apply “Design for Learning” in
various contexts: formal education, corporate training, accessibility, inter-cultural
communication, and others. Despite the variation in context, all authors share the
view of applying certain design principles to advance their research or practice.
However, these principles are not always explicit, and a lack of a unifying framework
is evident.We hope that the four principles stated earlier in this chapter (design for the
educative relationships triangle, focus on learning, design for pedagogical inclusion,
and for pedagogical appropriateness) are a helpful, albeit minimal, guide for moving
forward.

In addition, we do hope that this book and this chapter are a starting point in
amplifying the very necessary discussion between the Human-Computer Interaction
and the Learning Science communities about aligning our fields more closely, to the
benefit of both better technology-enhanced learning, and improved human-computer
interaction research and practice in learning environments.
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Chapter 2
Education, Technology and Design:
A Much Needed Interdisciplinary
Collaboration

Muriel Garreta-Domingo, Davinia Hernández-Leo and Peter B. Sloep

Abstract In this chapter we defend and underpin our claim that, to improve and
innovate education, a novel conception of the role of design in education is needed.
What this conception is we will elaborate on, specifically on how it affects design
in education as it is customarily practiced. We will translate this conception to the
context of technology-enhanced learning (TEL). Because of its potential to have an
impact on education, TELmore than any other form of learning demands consciously
devised learning designs. Thus, our proposal addresses both the design of learning,
in particular learning activities, and the design of educational technology. We focus
on human-centred design (HCD), a problem-solving framework underpinned by user
involvement in all stages of the process. HCD provides professional designers with a
mindset and a toolbox that includes both process and methods. It is multidisciplinary
by default and also practice-oriented, context-aware, empathetic and incremental.
As such it naturally fits many of educators’ everyday realities. Leveraging human-
centred design theories and practices will greatly benefit educational design and give
it the push it has been missing, we argue. Our proposal focuses on how HCD can
enhance and facilitate technology-enhanced learning by (1) focussing on the design
of learning activities, (2) involving all its actors in a timely and meaningful way; and
(3) affecting its micro, meso and macro levels.
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2.1 Introduction

The notion that education ‘lives’ in a designed environment hardly becomes apparent
in the classroom or lecture room. Although in the early days of the industrial revolu-
tion, lecturing (instead of one-on-one teaching) was invented, it now is so much part
and parcel of our everyday experience we barely notice education’s designed char-
acter anymore (Bates 2015). The advent of technology-enhanced learning changed
that, for now conscious decisions had to be made on what technologies to include
and how to apply them. However, there is a tendency to shun innovations through
the application of learning technologies, in particular those that may disrupt existing
practice (Flavin and Quintero 2018). In our view this results from a lack of conscious
acknowledgement that teaching and learning are essentially designed activities. By
focussing on technology-enhanced learning, we aim to show how a conscious design
stance may improve education and indeed educational technology as well.

Whereas most physical classrooms layouts and models resemble those of decades
ago, the tasks of educators have been deeply affected by the changes in society. We
might still encounter that odd educator who just uses a paper textbook for her teach-
ing or keeps using the same written notes year after year to address her students.
However, such educators now can only be the exception as the pressure from society
on education is mounting and the adoption of technology has become unavoidable.
It is our conviction that this push towards change in education—not only incremen-
tal but also disruptive—has mostly been done without adequate support. Instead,
educators are being asked to take on so many more roles representing equally many
different specialities that it is impossible for them—as individuals—to master them
all.

Psychologist, conflict mediator, actor, counsellor, coach, technologist, diversity
expert, individual empowerment expert, and many other “hats” are pushed on edu-
cators. Networked learning is even pushing on more hats, as authors have identified
roles such as “the collector”, “the curator”, “the alchemist”, “the programmer”, “the
concierge”, tomention just a fewof them (Downes 2010; Siemens 2008). Thesemany
roles have then to be interpreted within an increasingly complex classroom orches-
tration (Dillenbourg 2011), that includes a number of tools and meso and macro
levels requirements. Our claim is that this constant push to bring change through the
micro-level of the teacher is unrealistic.

Technology is sometimes seen to form the core of online learning, a complement
in blended learning and tangential to face-to-face learning. However, this is hardly
true anymore, technology is pervasive and its effects are expansive: technology is a
constant part of the lives of educators and students; whether it has an “educational”
origin or not. Thus, questions such as which technology to incorporate, how to
integrate it, when to deploy it, how to assess the results, and what to do next, call for
conscious decisions. Such decisions are seldom made (Kirkwood and Price 2016).
To remedy this situation we suggest that the integration of technology in education
needs to be ‘designed’ from the ground up, with the support of experts from other
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disciplines, but with educators leading these design tasks. Furthermore, a human-
centred design approach will make a key difference to such design efforts.

Thus, our focus is on the activity of designing technology-enhanced learning.
Admittedly, this is also the focus of the Learning Design field (Dalziel et al. 2012;
Laurillard 2012), but the term wrongly suggest that learning can be designed. At
best the conditions for it can (see also Carvalho and Goodyear 2014; Goodyear
2015). This notwithstanding, we conceptualize Learning Design as a specialisation
of human-centred design. Matching the goals of Learning Design, we believe that
human-centred design can bring more coherence to the current, rather loosely organ-
ised and individually-oriented task of design for learning with Information and Com-
munication Technologies (ICT) tools. To accomplish this, three intertwined aspects
need to be addressed: (1) how to incorporate the human-centred design mindset in
the design of technology-enhanced learning, (2) how to bring the human-centred
design process in the design of ICT-based activities and educational technology, and
(3) how to bring in human-centred design methods to the design for learning.

The present chapter elaborates on these three aspects. It is structured as follows.
We start with an overview of the two key ingredients of our argument: human-centred
design as well as current trends in technology-enhanced learning. Then follows a sur-
vey of what is known of educators as designers and an overview of a real intervention
that was aimed to guide educators through the design of an ICT-based learning activ-
ity. Drawing on our desk research and our own experiences with said intervention,
we conclude with a proposal on how, through the incorporation of human-centred
design, teams could design more relevant technology-enhanced learning.

2.2 An Exploration of Human-Centred Design
and Technology-Enhanced Learning

Many educators pride themselves on being pedagogically (as opposed to techno-
logically) driven in their teaching and learning designs (Anderson and Dron 2011).
Without delving into the many possible reasons, we do acknowledge that there are
still tensions when it comes to incorporating technology in education. Terry Ander-
son (2009) uses the metaphor of a dance to explain how technology and pedagogy
intertwine: technology sets the beat and creates themusic,while pedagogy defines the
moves. Pursuing this metaphor, we can view Jonassen and Reeves’ categories (1996)
of how students interact with technologies as three different types of dances, scripted
by educators. Their categorial system differentiates between learning about technol-
ogy (technology as a subject), learning from technology (technology as a delivery
tool) and learning with technology (technology as a cognitive partner). When we
described earlier the use of technology in education as either incremental or dis-
ruptive, it is only the third option—technology as a cognitive partner—that holds
promises for educational innovation; whether incremental or disruptive.
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2.2.1 Human-Centred Design

With Herbert Simon, we believe that design is a problem-solving, process-oriented
activity and we subscribe to his idea that: “everyone designs who devises courses
of action aimed at changing existing situations into preferred ones” (Simon 1996,
p. 111). This quote captures the essence of our point of view: not only designers design
but everyone does at some point of time. Nevertheless, we also consider design to
be a specialist undertaking. As such, its results profit from a specific mindset, a set
of methods and a defined process.

As we already announced our theoretical approach is aligned with the notion
of human-centred design (HCD), as it provides this specific mindset, toolbox of
methods, and process. Some of these are clearly defined by the six key principles that
guide the implementation of HCD from the ISO 9241-210 ‘Ergonomics of human-
centred system interaction’ (ISO 2009):

1. the design should be based upon an explicit understanding of users, tasks, and
environments;

2. users should be involved throughout the design;
3. the design should be driven by user-centred evaluation;
4. the process should be iterative;
5. the design should address the whole user experience; and
6. the design team should be multidisciplinary in terms of skills and perspectives.

We strongly believe that these principles should also guide the conceptualization,
implementation, integration and refinement of technology-enhanced learning and
educational technology.

As per the first principle, HCD is a design philosophy that incorporates the end
user’s’ perspective at each step of the product or service development. This way
both the design process and its results become humanized in a two-way process of
information exchange (Norman 2013; Cooper 2004). This is linked with the concept
of iteration (principle 4) and fits with current HCD developments such as the idea
of “sense and respond” (Gothelf and Seiden 2017), which we will explain later.
Crucially, humans are a prominent part of the equation and so we also embrace a
bidirectional relationship between users and designers.

In education, there are two main groups of users: educators and students. Note,
however, that our focus lies with the meta-level of the design of learning. That
is, we do not focus on how learning design affects the learners but rather on the
question of how to support educators in their design activities. In our view, the
realm of the design for learning—that is, the design of technology-enhanced learn-
ing activities—ought to be governed by educators. Thus, in this layered environ-
ment that is education, educators are our key target users. Educators—forming edu-
cation’s micro-level—also become the “bridge” with other stakeholders—such as
learning technologists or instructional designers—who contribute to the creation of
technology-enhanced learning activities and educational technologies per se.

In a HCD process, users are continuously involved in service or product develop-
ment (principle 2). Theways inwhich this is done vary depending on the development
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stage and of course the resources available, both in time and budget. It is key to define
evaluative “checkpoints” in order to integrate the users’ feedback into the develop-
ment of the designs (principle 3). This evaluation process also needs to be designed:
how will the integration of that specific ICT tool be assessed? Which inputs will the
educator use to decide what to do next?

Thefifth principle demands that the effects and, thus, the evaluation of technology-
enhanced learning be analysed at the system level. It is not just the tool per se that
counts but also how it supports the learning activity, how it is perceived and grasped
by the students, how the educator can follow what is going on, etc. The field of
Teachers Inquiry into Student Learning (TISL) (Wasson et al. 2016) promotes the
idea that the usage of student data is a skill that teachers must develop in order to
teach in the information and technology-rich classroom (data literacy).

This proposal, however, takes us back to our previous claim: individual educators
themselves cannot be expected to master and orchestrate the increasingly complex
and diverse array of tools, resources, activities, data and people that make up learning
ecosystems. This is why, distancing ourselves fromfields such as TISL or Teachers as
Designers (Kali et al. 2015), we bring in principle 6: educators should be surrounded
by multidisciplinary teams in terms of skills and perspectives.

To sum up our design stance, we adopt human-centred design as our lens and
baseline because:

1. It is amindset, one that entails a specific and guided approach to problem-solving.
2. It acknowledges the role of humans both as designers and users of design pro-

cesses, services and artefacts.
3. It is system-aware, it does not take technology or the users out of their context.

It concerns itself with the many forces that interact and collide.
4. It is process-oriented and provides a set of methods to address design as a contin-

uous activity based on learning from and improvement of the designed artefacts.

These characteristics, we propose, should provide the guiding principles for the
processes of conceptualization, implementation, evaluation and improvement of
technology-enhanced learning. Although the design stance we advocate does not
restrict its use to technology-enhanced learning contexts in education, it best shows
its strength there.

With the growing intricacy and pervasiveness of technology, human-centred
design has evolved and branched off into different fields; in spite of their differ-
ent approaches and names, they all share a focus on the end user of a product or
service. Thus, whether one calls it “user experience” (UX), “design thinking”, “ser-
vice design” or “lean UX”, all are still following the same human-centred design
principles.

Whereas in academia, human-computer interaction is the common term for the
same concept, user experience (UX) (Kuniavsky 2003) is the most widespread name
in the industry and less formal training settings. Design thinking (Buchanan 1992, to
cite just one) is also well-known and promotes an empathic, empirical and iterative
approach, again very similar to human-centred design.
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Service design (Stickdorn and Schneider 2012) openly acknowledged the idea
that user experience is holistic and encompasses all moments and levels of a user
interacting with a service and not just with the product itself. Thus, the design needs
to encompass people, infrastructure, communication and material components of a
service. Carvalho and Goodyear (2017) advocate the application of service design
ideas and methods in the realm of education since “design for learning is hybrid,
involving mixtures of service, product and space design. This hybridity is accom-
panied by a need for a more complex knowledge-base for design than is sometimes
found in discussions of knowledge for university teaching” (Goodyear 2015).

The design of technology-enhanced learning should not only learn from service
design but also incorporate more “agile” and novel approaches which—again based
on the sameHCD principles—call for faster cycles of design to constantly learn from
users and, thus, reduce uncertainty (Gothelf and Seiden 2017). As is characteristic
of the social realm, educators cannot know beforehand the impact and effects that
a given learning activity will have. The Lean UX approach focuses on how to learn
about this impact as early as possible to make the necessary adjustments to the
designed service or product.

In Lean UX (Gothelf and Seiden 2016) as in the Lean Startup movement (Ries
2011), the design cycles consist of three phases: learn, build and measure. The main
difference with HCD—besides the focus on short cycles—is that the process starts
with a solution (normally called a ‘MinimumViable Product’) as opposed to an initial
period of investigating the target users. The goal of the minimum viable product is
to put the product in the hands of users as soon as possible to gather feedback and
improve subsequent product iterations.

Thus, as Gothelf and Seiden (2017) state, any company needs to establish a con-
tinuous conversation with its users in order to learn from them and include these
learnings in the product development. This approach also involves a shift in focus:
instead of working to get “outputs”, teams should aim to get “outcomes”. This is
best done through cross-functional and autonomous teams, whose main goal is to
learn about the interaction between the users and the designed product or service.
These newer HCD approaches have also incorporated the scientific method to guide
the validation of assumptions and hypotheses, all aimed at reducing uncertainty.

There have been attempts to strengthen collaboration and combine perspectives of
designers, educators and educational technologists, but research on how to organize
this is still limited. Researchers have tested the integration of educators in the design
processes: research for practice (Shrader et al. 2001); design-based implementation
research (Penuel et al. 2011); teachers as collaborative designers (Cviko et al. 2014;
Svihla et al. 2015; Voogt et al. 2015); teachers as participatory designers (Cober et al.
2015); or through partnerships (Matuk et al. 2015). Although these initiatives go a
long way, they still fail to properly empower educators.
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2.2.2 Technology-Enhanced Learning (TEL)

Within technology-enhanced learning, technology as a delivery tool is the main-
stream mode of adoption of educational technology nowadays. However, technol-
ogy as a cognitive partner is what we strive for. This is true for both educational
researchers (Jonassen and Reeves 1996; Ertmer and Ottenbreit-Leftwich 2012; Ert-
mer et al. 2012) and educational technologists (Brown et al. 2015; Merriman et al.
2016; Dron and Anderson 2016). Thus, these often siloed and tensioned disciplines
seem to have a common goal: integrate technology to allow students to do real work
and, therefore, facilitate authentic student learning (see also Sloep 2013).

With this aim in mind, several institutions have already worked on the develop-
ment of post-Learning Management Systems (LMS) solutions. This is the case of
the OUNL and Athabasca University, for example. The former, under the name of
OpenU, has created a learning system with four distinct environments: the Personal
Learning Network, the Course Learning Network; the Professional Development
Network and the topic/research networks (Hermans et al. 2014). Similarly, to sup-
port the need for social learning, Athabasca University has developed the “Athabasca
Landing”, an Elgg-based beyond-the-LMS social system (Rahman and Dron 2012).
These solutions are part of what Anderson andDron (Anderson andDron 2011; Dron
and Anderson 2016) define as the “fourth or holistic generation” of educational tech-
nology; one that will be deeply integrated within learners’ whole lives and those of
others.

These new environments respond to the increasing unease with existing LMSs
(Kop and Fournier 2013) and the need for more social-oriented, not course-limited
environments. About ten years ago, the limitations and constraints of mainstream
LMSs gave birth to the Personal Learning Environments (PLEs) concept (Wilson
et al. 2007). Whereas the LMS is built around the course concept and intended for
formal instruction in particular, the idea behind the Personal Learning Environment
is that it is governed solely by the learner. Essentially, PLEs aim to facilitate students’
use of technology as a cognitive partner (Rajagopal et al. 2017).

The current state of the TEL art is that there are a myriad of technology tools
and devices that currently support technology-enhanced learning, which can be inte-
grated through a “Lego-approach”, already foreseen in the PLE literature and now
apparent in the Next Generation of Digital Learning Environments (NGDLE) reports
(Table 2.1). This next generation is closer to a learning ecosystem: a learning environ-
ment consisting of learning tools and components that adhere to common standards
and enable different and diverse pedagogies.

This flexibility, disaggregation, modularity, Lego-structure of the upcoming
educational-technology environments is extremely challenging from the designers’
and users’ perspectives since it places the focus on their activities. The underlying
characteristic of NGDLE is that learners and educators will be able to shape and
customize their learning environments to support their needs and objectives. Yet,
still most educational technology is developed without the inputs from educators or
educational sciences (Könings et al. 2007, 2014).
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Table 2.1 Characteristics of the next generation of digital learning environments

The NDGLE: a component infrastructure to leverage technology for teaching and learning

The Next Generation Digital Learning
Environment: A Report on
Research—EDUCAUSE 2015 (Brown et al.
2015)

Next-generation environments must address
five dimensions: interoperability and
integration; personalization; analytics,
advising, and learning assessment;
collaboration and accessibility and universal
design

The Next Generation Learning
Architecture—(Merriman et al. 2016)

The next generation of digital learning
environments consists of a marketplace of
Enterprise Infrastructure Services and a
marketplace of educational applications, of
various types or classes, which consume
Enterprise Infrastructure Services
A new class of applications, the Learning
Method eXperience (LMX) provides the
context and overall user experience required
for a particular educational methodology or
pedagogical model

Educational Provisioning System
(EPS)—(Hermans et al. 2015)

Rather than implementing provisioning rules
directly in an online learning system, the EPS
allows for managing provisioning rules
independent of the learning application(s) in
use. This EPS allows for both managing and
processing provisioning rules in order to meet
the demands of new online educational formats

On the other hand, due to its component-based architecture grounded in standards
and best practices, the NGDLE brings the opportunity to explore new approaches and
develop new tools. The success of these learning ecosystems is highly dependant on
the processes and activities that actually involve learning science knowledge as well
as educators (and at a later stage, students) in the conceptualization and refinement
of the educational technologies’ features. Without this involvement, learning will
still not be part of the environment and it will be yet another technology limited to
the status of delivery tool at best.

As a result, technology-enhanced learning is at a paradoxical stage. On the one
hand, practitioners of all related disciplines—educational researchers, educators,
learning technologists—agree on the essentials: (1) learning with technology has yet
to mature; (2) technology in education should become a cognitive tool. On the other
hand, the means to make this happen have not yet been established.

Our proposal is that HCD provides these means to purposely implement TEL
and impact the three levels of learning and teaching—micro, meso and macro. HCD
will facilitate the “conversations” between these levels and related stakeholders by
providing, first of all, a shared mindset: all work for the end users’ (students’) needs;
and secondly, by establishing a process and the tools that allow one to integrate these
needs and context into TEL designs and also the educational technology involved.
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In fact, following the NGDLE metaphor of Lego pieces, our approach also puts
into play the human pieces. Only with an interplay of disciplines will education
include technology as a cognitive tool, will educational technology be designed for
its users, and will learning environments be designed for learning. We will do so
by screening off a precious yet battered resource: educators. Then, we will see the
same evolution as professional designers will soon have to embrace (Manzini 2015;
Sanders 2006): both educators and designerswill be enablers, facilitators and process
managers for others to learn and design, respectively.

2.3 Educators as Designers

In the HCD sense, educators are our target users. They are ultimately responsible for
the design, enactment and development of TEL activities. They also liaise with their
students and with the educational institution they work for. Thus, their role is pivotal
in any effort to incorporate the HCD mindset, process and methods in education.

We start by providing an overview of what is known of how educators design and
then we introduce the results of an intervention. It was designed to guide educators
through aHCDprocesswhichwasmeant to facilitate educators to design technology-
enhanced learning activities.

2.3.1 Teachers as Designers, What We Know

By now it should not come as a surprise that we claim designing to be a complex
and intricate task. It demands of the designer to take into account and integrate many
different and diverse elements. It also requires her to consider the problem and the
solution from many different perspectives. This description of design deeply res-
onates with an educator’s work. Teachers must perceive, interpret and enact existing
resources, evaluate the constraints of the classroom setting, balance trade-offs and
devise strategies—all in the pursuit of their instructional goals (Brown and Edelson
2003). As in design, educators create, adapt and try out resources to fit their specific
needs and contexts.

Many researchers such as Brown and Edelson (2003) emphasize this situated and
practice-oriented designwork that educators accomplish. This pragmatic approach to
design means that educators privilege practicality and feasibility (McKenney et al.
2015) and leverage practice-based experiences to make decisions (Roschelle and
Penuel 2006). As a result, much relevant teacher design expertise comes intuitively,
is acquired on a daily basis and congruent with the teacher’s beliefs and convictions.

Schön (1983) defined this kind of intuited expertise as “designerly ways of know-
ing”, which are learned through direct and indirect engagement in authentic design
practices, rather than an explicit, formally-represented body of knowledge and skills.
According to Schön, professionalism is gained by reflection-in-action, which enables
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the practitioner to think deeply about situations while they are happening, interpret
and frame them in particular ways and adapt his/her actions accordingly, as opposed
to reflection-on-action, which is done after the fact, much as an afterthought.

Extending the research on howeducators actually design, according toMatuk et al.
(2015) teachers’ decisions in customizing technology-enhanced learning materials
are the result of interactions between knowledge of their students and the subject
matter, beliefs about teaching and learning, and orientations toward technology and
their roles as designers. The authors conclude: “Research also indicates that whereas
attendance to students’ ideas can result in customizations that greatly benefit learning,
issues of practicality primarily drive teachers’ intuitive customizations” (italics ours).

Similarly, Bennett et al. (2015) observed that Higher Education teachers’ percep-
tions of student characteristics, their own beliefs and experiences, and contextual
factors are key influences on design decisions. In another study, Boschman et al.
(2014) found that the considerations Kindergarten teachers entertained during design
were influenced mostly by practical concerns, although their pedagogical orienta-
tion, beliefs about how children learn, and convictions of how learning should be
supported by teachers also played a role.

So, there can be little doubt that the praxis of teachers involves design:

• As in design, teaching is a highly complex activity that draws on many kinds of
knowledge (Mishra and Koehler 2006).

• As with the problem spaces in design, teaching occurs in ill-structured, dynamic
environments and, therefore, teaching also deals with what are known in design as
wicked problems (Rittel and Weber 1973; Opfer and Pedder 2011; Sloep 2013).

• As in design, teaching is iterative: it seldomhappens just once; there is a continuous
enactment and tweaking of activities and resources (Pardo et al. 2015; Bates 2015).

While we can see some patterns emerging from existing research—that we further
analyse below—some authors (Agostinho et al. 2011; McKenney et al. 2015) also
point out howmore empirical research is needed to better understand teachers’ design
practices so as to achieve closer alignment between teachers’ needs and their design
initiatives.

However, the way in which educators design, also reveals a number of idiosyn-
crasies:

1. Teacher designs are experience-shaped. Kali et al. (2011) talk about “folk
pedagogy” (in an apparent analogy to folk psychology), that is, how an individual
teacher’s ways of teaching are strongly shaped by his/her personal experience
of having been taught themselves. Educators can discuss sophisticated ideas
of instruction in the abstract, for example on how to incorporate educational
technology. And yet, specific design situations activate experiential knowledge,
which more often than not leads to traditional forms of instruction.

2. Teacher designs are underpinned by beliefs. In 1999, Ertmer (1999) distin-
guished between two types of barriers that impact teachers’ uses of technology
in the classroom:
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a. First-order barriers are defined as those that are external to the teacher and
include resources (both hardware and software), training, and support.

b. Second-order barriers comprise those that are internal to the teacher and
include teachers’ confidence, beliefs about how students learn, as well as the
perceived value of technology to the teaching/learning process.

Although first-order barriers pose significant obstacles to achieving technology
integration, the underlying, unconscious second-order barriers have proved to
pose the greater challenge (see also Kreijns et al. 2013).

3. Teacher designs are learner-adapted. Stark (2000) reported how educators’
design decisions were strongly influenced by the perceived characteristics of
their students. Bennett et al. (2015) confirm this influence and suggest that these
judgements are currently reliant on recollections and impressions built up over
time and through contact with students.

4. Teacher designs are practice-driven and practice-oriented (Doyle and Ponder
1977; Ertmer 1999; Janssen et al. 2013; Boschman et al. 2014;Matuk et al. 2015).
Practicality and feasibility is the key driver of educators when designing: teachers
must ensure that the enactment with the students fulfils the learning outcomes
and, for that reason, possible barriers have to be reduced to a minimum.

5. Teacher designs are context-shaped. As part of the practice-driven component
but relevant to take into account as a separate factor, many authors have stated
the relevance of context [Bennett et al. (2015) and McKenney et al. (2015), for
example]. Context needs to be understood not as the immediate physical space of
the classroom but in a broader sense, as encompassing all factors and constraints
impinging on the educator. These include the customary meso level of the school
and the macro level of national educational policies and whatever bodies oversee
and monitor the operation of schools.

From this set of factors, it is relevant to notice that almost all of them operate very
much at an unconscious level, are deeply rooted in the experiences and beliefs of
educators, and are grouped in what Ertmer (1999) defined as second-order barriers
(Kreijns et al. 2013).

Kali et al. (2011) also explored how novices carry out design activities. They
report how they exhibit a lack of Schön’s reflection-in-action, which derives from
experience. Using HCD terms, in their ‘rush to implementation” (Goodyear 2015,
p. 31) novices skip two key phases of the design process: the exploration phase and
the analysis/reflection phase (Hoogveld et al. 2001; O’Neill 2010). They ignore the
“fuzzy front end” (Sanders and Stappers 2008) of exploration. But this is a critical
phase, one that determines what is to be designed and sometimes what should not be
designed; in it designers take into account considerations of many different natures.
As such it is a divergent phase. Similarly, novices also often ignore the reflection
phase. However, it is an essential step for continuous improvement, like learning
by doing. Here too, novices fail to take the opportunity to use the enactment of the
learning activities as a source for learning and enhancing their practices.

But what then is it that teachers do know and how does this knowledge affect their
design activities? Teaching requires a complex set of knowledges, as illustrated by
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the Technological Pedagogical and Content Knowledge framework. This conceptual
framework (Magnusson et al. 1999) for educational technology builds on Shulman’s
formulation of “pedagogical content knowledge” (Shulman 1986) and incorporates
the role of technology in education.

The relationships between content (the actual subject matter that is to be learned
and taught), pedagogy (the process and practice ormethods of teaching and learning),
and technology (both commonplace, like chalkboards, and advanced, such as digital
computers) are complex and nuanced (Mishra and Koehler 2006). The analysis of
the interplay needs to consider these components as a whole, in pairs, but also in
isolation.

Here, we focus on the pedagogical knowledge only. For a teacher to have this type
of knowledge she should understand how students construct knowledge, acquire
skills, and develop habits of mind and positive dispositions toward learning. As
such, pedagogical knowledge requires an understanding of cognitive, social, and
developmental theories of learning and how they apply to students in their classroom
(Mishra and Koehler 2006). This is the type of knowledge that one expects educators
to master.

Yet, many educators lack this “deep pedagogical knowledge”. In the terms of Kali
et al. (2011), the pedagogical knowledge of educators often takes the form of ‘folk’
beliefs. While it is true that educators think in terms of learning outcomes and the
change they want to promote, they seldom ground their praxis in theories (Bennett
et al. 2015).

This does not mean that educators are not concerned with pedagogy but that,
rather than having a coherent and consistent theory of teaching and learning, teachers
apply a loose collection of practice-oriented strategies, each one locally coherent,
although not necessarily systematically validated. Kali et al. (2011) call this notion
“pedagogical knowledge in pieces”.

This “pedagogical knowledge in pieces” is adequate for the praxis of teaching.
However, it hampers the systematization of learning designs and the conversation
with other disciplines. It actually clashes with the idea that one has about what
educators know. For an outsider, educators know about pedagogy. It is assumed that
they ground their practice in validated theories of learning. This turns out not to
be the case. We believe that this gap between how educators operate in actual fact
and what other disciplines expect from them is at the core of many problems of the
implementation of educational technology.

In summary, teachers are designers of learning, there can be little doubt about
that. However, they design in an intuitive fashion, with a focus on direct educational
practice, making use of an eclectic collection of pedagogical insights that are more
informed by their own practice and perhaps those of others they know about than by
theoretical insights. Various authors discussed in the above have argued this position.
Many also have wondered how the design abilities of teachers could be improved
upon. In an experimental intervention, in the guise of aMassive Online Open Course,
we made an attempt to improve teachers’ design abilities. We summarise our key
learnings in the next section. Details on the experience and its results can be found
in Garreta-Domingo et al. (2015, 2017, 2018, accepted for publication).
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2.3.2 Teachers as Designers, an Intervention

Earlier we introduced the notion that educators design with a particular mental model
of who and what their learners are. Taking into account the characteristics of the
students is key to good design; even if this raises the question of the quality of the
information that educators have about their students (Bennett et al. 2015).

Research shows that teachers’ student-centred beliefs tend to result in more
authentic uses of technology while traditional beliefs tend to have a negative impact
on the integrated use of computers (Hermans et al. 2008). And, at a broader level,
Bennett et al. (2015) reported howmany authors have concluded that student-focused
approaches to teaching encourage deep approaches to learning, that result in high
quality learning outcomes.

These beliefs not only affect the conceptualization of the learning activities but
are beneficial also during their implementation and evaluation. A student-focused
approach allows a teacher to be responsive to student needs and interests during the
enactment of the activities (Postareff et al. 2008).

As Ertmer et al. (2012) confirm, research results suggest close alignment; that
is, student-centred beliefs undergird student-centred practices (authenticity, student
choice, collaboration). But despite such beliefs there are also constraints that prevent
student-centred practices to blossom to the full. In fact, teachers with student-centred
beliefs do not necessarily translate those beliefs into learning activities that use tech-
nology as a cognitive partner or indeed in activities that use technology at all. Edu-
cational practitioners often see technology as a burden, an imposition (Kreijns et al.
2013; OECD 2015). How come? Is education different, are educational practitioners
different, or is there an issue with the way technology affects education?

To tackle these issues, we advocate a shift of focus, away from the technology and
also, in some sense, away from the students. Educators and educational designers,
developers and researchers should primarily focus on the design of learning activities
and on how to enhance them through technology. This shift of focus has dramatic
consequences. It implies designing for use rather than for users (Williams 2009).
Following theActivity-CentredDesign approach (Gay andHembrooke 2004;Gifford
and Enyedy 1995), designers should focus on the activity in order to deliver tools that
effectively support users in real-world contexts (Norman 2005; Hoekman 2010). In
the educational research realm, the Activity-Centred Analysis and Design (ACAD)
framework (Goodyear and Carvalho 2014; Carvalho and Goodyear 2017) advocates
the same shift.

The ACAD framework places the learning activity at the centre of the design pro-
cess and differentiates between three different dimensions: epistemic, set and social
(Table 2.2). Like HCD, the ACAD framework acknowledges the interplay of the dif-
ferent components in a system. It is our belief that we need this holistic perspective
to build the next generation of digital learning environments and pedagogies and, as
a consequence, the next generation of educators and learners (Sloep 2013).

Despite their differentiation between these three design dimensions,Goodyear and
Carvalho (2014, p. 57) emphasize the importance to carefully distinguish between
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Table 2.2 Learning design dimensions according to Goodyear and Carvalho (2014) and how they
were designed in our intervention

Dimensions Short description Our intervention

Task structure and epistemic
design

Epistemic design refers to the
knowledge-oriented structure
of a network; the activity is
goal-oriented and facilitates
learning and knowledge
creation

A Massive Open Online
Course (MOOC) that walks
educators through the design
process of an ICT-based
learning activity of their own
making

Structures of place and set
design

The activity is also shaped by
the physical/digital setting in
which it unfolds. Thus, the
relations between place, tools
and activity are key to both
analysis and design

A combination of online tools
chosen to provide the
necessary learning and design
support to the design efforts of
the MOOC participants

Organizational forms and
social design

What people do is often
influenced by the actions of
other people around them,
including the instructions,
advice, encouragement and
warnings they give
At a broader level, social
norms, rules and habits tend to
have an effect, even if other
people are not physically
around

A set of facilitators to guide
participant educators through
their design processes;
together with the comments
and feedback from their peers.
And of course the set of norms,
rules, etc. that each participant
brings along, which are
outside of intervention control

what can be designed and what cannot: “We may be able to design the thing that is
experienced, but we cannot design the experience itself” (italics theirs). The context,
the tasks and the tools can be designed; however at learn time learners are likely to
reconfigure what has been proposed in new ways (see also Goodyear 2015). As we
have seen earlier, this difference between what a designer intends and what actually
happens is acknowledged byHCDapproaches. It is through a continuous and iterative
approach to design that we learn and reduce uncertainty; at each iteration, the team
analyses what happened and takes action according to it with the aim of improving
the design for the forthcoming iteration and bringing that what happens closer to that
which is intended.

Thus, to reiterate a pointmade earlier, to implementHCD inTEL three intertwined
aspects need to be addressed: (1) how to incorporate the HCD mindset in the design
of TEL, (2) how to bring the HCD process in the design of ICT-based activities
and educational technology; and (3) how to bring in HCD methods to the design for
learning. To gather insights into the relative importance of these three aspects, we
designed an intervention along the lines of theACADmodel.After briefly introducing
the context of our intervention, we explain next its ‘set’, ‘social’ and ‘epistemic’
design dimensions.
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The context of our intervention is a Massive Open Online Course (MOOC) on
a topic that—as we have seen—many teachers struggle with: the inclusion of ICT
in education (OECD 2015). It was intended to offer a genuine professional devel-
opment opportunity for educators of all educational levels (Garreta-Domingo et al.
2018; Stoyanov et al. 2014). The HANDSON MOOC—implemented under a Life-
long Learning Programme project (http://www.handsonict.eu/)—was open and free.
Based on HCDmethods and process, the course guided educators through the design
of their own TEL activity.

The set design of the MOOC included Moodle, for the first edition, and Canvas,
for the second one, as the course platform; Moodle/Canvas contained the syllabus,
the design tasks as well as the discussion forums. The Integrated Learning Design
Environment (ILDE) was the design platform on both occasions; this web platform
allows communities of educational designers to co-create and share learning designs
both from scratch or by using templates provided (Asensio-Pérez et al. 2017).

TheMOOC’s social design comprised interactionwith facilitators and peers in the
forums and through weekly synchronous sessions. The first iteration of the MOOC
featured three facilitators, experts in Learning Design and HCD. The second itera-
tion was offered in seven languages in parallel, thus there were 15 facilitators who
addressed the students in their native language. These facilitators were all volunteers;
they had no formal HCD expertise, but were trained to act as process managers for
the participants. English was used for instructions and general communications only.

The epistemic designwas grounded in the idea of studio-based teaching (Mor and
Mogilevsky 2013; Reimer and Douglas 2003; Winograd 1990). In this online studio,
participants designed a TEL activity that by the end of the course was intended to
be ready for enactment in their respective teaching settings. The epistemic design
concerns the tasks learners (in our case, educators as lifelong learners) carry out in
order to acquire new knowledge. Following our focus on human-centred design to
empower educators as designers, our epistemic design mimics a HCD process from
considering the user requirements, to conceptualising the solution and, then, testing
it on each iteration (Fig. 2.1).

It is not the focus of the present chapter to analyse the results from these two inter-
ventions, interested readers are referred to the following papers: set design (Garreta-
Domingo et al. 2015), social design (Garreta-Domingo et al. 2017), epistemic design
(Garreta-Domingo et al. 2018 and Garreta-Domingo et al. under review). We sum-
marize here what we learned from our inclusion of HCD in technology-enhanced
learning:

1. Incorporating the HCD mindset in the design of TEL
As “amateur” designers, participant educators showed some designerly concerns
and tasks. Interestingly, more pedagogically-savvy educators tended to place
the focus on the ICT-tool as opposed to the activity; but educators with little
familiarity with pedagogical models and trends, were able to act according to the
HCDmindset that was “transmitted” to them through the design tasks (epistemic
design) and in the conversations in the forums (social design).

http://www.handsonict.eu/
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Fig. 2.1 The HANDSONMOOC’s (2nd edition) course activities (see also Garreta-Domingo et al.
under authors’ revision)

2. Including the HCD process in the design of ICT-based activities and educa-
tional technology
Our intervention also aimed at solving several of the shortcomings that many
professional development activities have: our focus was not on the theory or the
technology but on a personal educational challenge that each educator wanted
to address through the design of an ICT-based learning activity. This made the
process much more relevant and meaningful to each participant and, therefore,
useful for the desired outcome: to have an activity ready to implement.

3. Including HCD methods in the design for learning
Participant educators had a hard time comprehending and actioning some of
the HCD methods. The general trend was to assimilate the method to what was
alreadyknown to them.Thus,we seehowmany“personas”were just a description
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of a real student rather than archetypical ones, and how many “heuristics” were
turned into student evaluation rubrics rather than means to evaluate their design.

TakingCarvalho andGoodyear’s (2017) service design lens to analyse the insights
we gained from the intervention, at the base level of learning (what educators did
according to themselves) our interventions were valued very positively and partic-
ipants would both repeat and recommend the experience (Garreta-Domingo et al.
2015). Nevertheless, at the superposed level of managing their own learning, partici-
pating educators did not have the necessary context nor the scaffolding to understand
what was expected from them in the case of some HCDmethods. We concluded that
more introductory tasks as well as a less domain-specific vocabulary would facilitate
the of HCD to educators (Garreta-Domingo et al. under authors’ revision).Moreover,
in line with HCD, educators should be able to practice this new framework as an
iterative, in-context and applied activity.

2.4 Conclusions: Empowering Educators as Designers
and Team Members

This chapter has explored the design as undertaken by teachers through the juxtapo-
sition of human-centred design and technology-enhanced learning. The relevance of
design for education is widely acknowledged. However, in line with the key ideas
of HCD, our position stands out in that we emphasize that only through its related
mindset, processes and methods design can play a key role in the creation of learning
activities and of educational technology. We believe that only then design can inte-
grate currently scattered but strongly interrelated activities. What does this imply for
teachers?

Traditionally, educators have worked almost always singly. Admittedly, they have
to follow curriculum programmes and abide by both educational and institutional
guidelines. However, they have mostly operated on their own in their daily prac-
tices. Moreover, the traditional tensions between education and technology are still
present. Still many educators and educational researchers pride themselves on being
pedagogically (as opposed to technologically) driven in their teaching and learn-
ing research and designs. Still most educational technology is developed without
sufficient inputs from educators or educational sciences.

We have seen how educators approach the design of learning activities and lesson
plans. Their practice-oriented, experience-based andmostly intuitive design activities
call for a more systematic and professional approach. We have also seen how prop-
erly designed interventions can empower teachers as HCD designers. Our empirical
research has provided insights in how educators can acquire a design mindset, follow
a design process and apply HCD methods, albeit that they need support through an
applied learning process.

So, our answer to the question ‘how can HCD bring coherence to the currently
loosely organised and individually-oriented task of design for learning with ICT
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tools?’ would be the following. Given that educators accomplish design tasks almost
on a daily basis, they could—like many designers—benefit from a hands-on, multi-
disciplinary, collaborative and iterative approach, as advocated by the field of human-
centred design. In fact, all actors in technology-enhanced learning design would ben-
efit from such an approach. They may not approach design in the same way, some
may not even call it design, but willy-nilly they all abide by Simon’s (1996) maxim
to devise courses of action aimed at changing existing situations into preferred ones.

That said, the design of technology-enhanced learning activities is strongly related
to the affordances and features of (educational) technologies. Some, erroneously, still
claim technology to be ‘just a tool’; but technologies also influence and define their
usage, something which is even more relevant if one wants these tools to become
cognitive tools. The near future holds promises: thanks to the flexibility, interoper-
ability and distributed nature of the next generation of digital learning environments
any learning design could be supported. For this to happen, we first need to design
them. The foreseen software architecture allows for a Lego approach, but someone
needs to decide which are the bricks and how they are to be put together.

As advocated by a human-centred design approach, this someone should be a
multidisciplinary team. We cannot expect a single individual to master all compo-
nents, that is, expect teachers to be jacks of all trade. It is the hands-on collaboration
among disciplines that will allow for qualitatively high ranking and innovative learn-
ing designs, pedagogies and technologies. Educators, instructional designers and
educational technologists need to find a common language and common processes.
Heeding the maxims of human-centred design will facilitate the emergence of gen-
uine technology-enhanced learning.

We envision, then, how a human-centred design approach will not only impact
the design for learning but also the design of educational technology. The learning
ecosystem is expected to be in continuous evolution and it is up to the learning
processes and activities to guide this development. Educators, designers and tech-
nologists need to leverage data-driven (qualitative and quantitative) approaches to
enhance, inform and intertwine their design spaces.

Indeed, looking further forward we see how the design for learning and the design
of educational technology go hand in hand. To make this become a reality, silos need
to be broken down and all actors involved need to embrace multidisciplinarity. This
can only be achieved if processes, tools and language are shared. It is our belief
that human-centred design as a philosophy and process facilitates these two essential
changes.

Multidisciplinarity is a cornerstone of HCD in all its different representations
and evolutions. For example, the idea of “sense and respond” (based on the Lean
startup and Lean UX approaches, as discussed) is based on the existence of small
and autonomous teams that have the capacity to learn—build—measure, thanks to a
constant “conversation” with users.

Let’s then imagine a scenario, one in which cross-functional teams define the
design of technology-enhanced learning as well of educational technologies. The
educator is the expert on her topic as well as on the classroom orchestration, but
she works closely with expert instructional designers, UX designers and educational
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technology developers. The instructional designers contribute their expertise as ped-
agogical models. The UX designers are process facilitators, design enablers; they
know the methods and they ensure that the user involvement is present at all project
stages, they ensure a good user experience by having a holistic view of the different
elements at play. The educational technologists are the experts on ICT tools or on the
next generation digital learning environment; they are key in making the necessary
changes in the technology.

These self-contained teams operate at a micro-level. For them to be successful, a
shared mindset and common language, processes and tools are needed. HCD is an
iterative process; through complete design lifecycles, solutions are conceptualized,
defined, tested and improved. These lifecycles vary in complexity and length. In
a lean UX setting, the cycles are fast, we need to learn—build—measure in short
periods of time because we’re also working in self-contained problems. In a more
traditional HCD process, the problems we address have a larger scope and weeks
become months. In both cases, the results of the design lifecycles percolate through
at themeso-level and progressively the same process, methods andmindset is applied
for institution-wide aspects. And this, in turn, impacts the macro-level.

We can also expect another outcome to result from applying human-centred learn-
ing design with technology. Through the HCD processes and activities, teachers will
learn differently and from these newcollaborative, hands-on and iterative experiences
they will be able to design new learning activities. As we have seen, educators design
based on their beliefs and experiences and tend to fail in the initial and final analysis
stages. Providing them with a context that allows them to learn differently, explore
before designing and analyse the results before implementing, will have a rippling
effect on their learning designs, educational technology and students. As opposed
to asking them to become “jacks of all trades”, educators would be surrounded by
specialists that bring in new perspectives as well as empower them as the designers
of learning.
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Chapter 3
A Universally Accessible Self-assessment
Gamified Framework and Software
Application to Capture 21st Century
Skills

Kathy Kipp, Evangelos Kapros and Ian O’Keeffe

Abstract In our increasingly complex lives, 21st Century or Transversal Skills such
as collaboration, communication, problem solving, and critical thinking are seen as
key to the development of successful individuals. In response to the changing needs
and expectations of industry, this focus on 21st Century Skills has begun to filter
down into universities and other higher and further educational institutions and is
now becoming an important factor in the K-12 educational sector. These skills are
often implicit in lessons and so can be difficult for students to identify and express.
Their implicit nature also means that they are not traditionally taught to students
and so measuring or assessing the development of these skills can be problematic.
Furthermore, the development of these skills is not constrained to the classroom
environment but occurs in many different contexts and environments. Additionally,
the recognition of these individual student learning needs in and around these skills
along with the ability of these skills to assist in the accessibility of the classroom is
a challenge to be met. To address these challenges we have developed SkillTrack!
framework and learning application for mobile devices such as tablets that brings
together innovative pedagogy and supportive technology to promote the practice,
development and self-assessment of 21st Century Skills in the K-12 space. The
effectiveness of SkillTrack! as a teaching and learning tool for 21st Century Skills
has been evaluated in an authentic classroom context; the final evaluation of the
application validates not only the concept and design premises but also the need for
such an application.
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3.1 Introduction

21st Century Skills have been identified as key to the development of successful
individuals. In implementing new business models focused increasingly on com-
petitiveness and productivity, industry has driven the movement towards identifying
and developing these skills. Already in 1999, there was a realisation that the work-
force and the workplace landscape was changing rapidly, and training would need
to reflect these changes, in what was called “21st Century Skills for 21st Century
Jobs” (Stuart 1999). Despite the initial focus on the workplace, and the recognition
that competency-based-education is not a new concept1 (Spady 1977), opportunities
to shift educational systems and priorities, and re-surface desirable student-centred
pedagogies and alternative assessment methods were also recognised (Reeves 2010).
In response to the changing needs and expectations of industry, this focus on 21st
century Skills has begun to filter down into our universities and other higher and
further educational institutions and is now becoming an important factor in the K-12
educational sector.

In regards to what is meant by 21st century skills (or competencies) in the
K-12 context and for the purposes of this paper, 21st century skills are: skills that
are considered transversal, having mobility, adaptability, and accessibility across
subject matter without being directly linked to a content base; they are inclusive of
attitudes, behaviours, knowledge, skills; and they are higher order in their nature
(Voogt 2012; OECD 2005; Griffin 2012; Dede 2010). With this in mind, multiple
frameworks have been put forward internationally in an attempt to define, clarify and
shape these skills, and while there are great differences in categorisation, qualifica-
tion and semantics, generally and generically, these skills include, but are not limited
to: Citizenship, Collaboration, Communication, Creativity, Critical Thinking, Global
Awareness, ICT literacy, Personal and Social Responsibility, and Problem Solving
(Binkley 2012; SRI 2016; ATC21S 2012; European Parliament 2007; OECD 2005;
P21 2009; NCCA 2009).

With the shift towards promotion and valuation of these 21st century skills, a
natural counterpart has been the desire to capture and assess ability in and around
these skills, as assessment provides insight into both teaching and learning. As the
skills are increasingly complex and inherently individual, assessment in the tradi-
tional standardised fashion is not possible nor is it desirable (Reeves 2010). This then
has provided the opportunity for the development of more appropriate and innovative
tools within the assessment space to help articulate where an individual is, such as
criterion-referencing (Griffin 2013), and has led to a global initiative.

With regard to the development of assessment frameworks for 21st century skills
in the K-12 space, one well-known approach in K-12 is the Programme for Inter-
national Student Assessment (PISA), developed by the Organisation for Economic
Co-operation and Development (OECD), where computer-based collaborative
problem-solving was introduced in part for the 2015 exam (OECD 2013). Other

1Papers from the 70s go so far as mapping U.S. efforts to capture competencies during the 20s and
30s back to the operationalisation of WWI (Callaghan 1962; Davies 1976; Neumann 1979).
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attempts include the Assessment and Teaching of 21st Century Skills (ATC21S)
project and the Collaborative Assessment Alliance (CAA) (CAA 2016). However,
these attempts have been challenged by a number of arguments (Murphy 2010).
One aspect that was of special interest to us was that current approaches seem to be
tightly-coupled to specific tasks or contexts and treat skills as independent of each
other. Thus, it can be the case that the obtained results are a matter of task-design as
much as they are the result of the students’ skills.

There are also a number of challenges when integrating the development of 21st
Century Skills into teaching and learning in schools. These skills are often implicit
in lessons and so can be difficult for students to identify and express. Their implicit
nature also means that they are not formally taught to students and so measuring or
assessing the development of these skills can be problematic.

Furthermore, the individual experiences of students can play a significant role
in their skills development especially as the development of these skills is not con-
strained to the classroom environment but occurs in many different contexts and
environments. Any approach that aims to capture these experiences can benefit from
thinking in broader terms than “traditional” accessibility; that is, in terms of Inclusive
Design (IDRC 2016), so as to ensure true universal access in doing so.

SkillTrack! is a learning application for mobile devices such as tablets that brings
together innovative pedagogy and supportive technology to promote the practice,
development and self-assessment of 21st Century Skills in the K-12 space. Skill-
Track! is intended to act as both an individualised skills literacy tool that allows each
student to progress along their own personal path while also supporting students in
developing metacognitive skills through the use of reflection.

In contrast to many of the existing approaches, we set out to develop a skill and
task-independent approach that would create a common framework for 21st century
skills assessment as well as have the ability to assess informal learning and social
activity while being able to scale and maintain its flexibility at the same time. Addi-
tionally, as a student-led curricular experience that incorporated self-assessment, this
task-independent approach allowed for accessibility through this flexibility as well
as a foundational want for student ownership of app interaction and classroom inte-
gration. Our intention then was to develop a pedagogical design, see Sect. 3.3, which
would be implemented as a software tool to be deployed at institutions of primarily
K-12 Education. While K-12 is our initial focus, the design has no component that
explicitly excludes informal education settings or other educational sections such as
higher/further education or corporate learning. To this end, we designed a gamified
pedagogical framework to capture 21st century skills in K-12 Education. Then, we
designed and built a tablet software application as one of the many ways to imple-
ment our framework (see Sect. 3.4). As part of the design process, we sense-checked
our approach with teachers and students in preparation for a user trial.

The effectiveness of SkillTrack! as a teaching and learning tool for 21st Century
Skills has been evaluated in an authentic classroom context through the use of the
app as part of day-to-day classroom activities over two trialling periods, one a one
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month period and an additional three month period. The methodology used as part of
this evaluation is described in Sect. A.1 while the qualitative and quantitative results
from the evaluation are explored in Sects. A.3 and A.4.

3.2 Related Work

In considering the research questions and objectives, a small review was undertaken.
The purpose of this research was to establish an understanding of how the challenge
of 21st century skill assessment in the schools’ setting was being approached inter-
nationally. Reading was done with the intent of informing the pedagogical design
by identifying the trends in development from a pedagogical perspective as well
as the related pedagogical discussions, extensions, and innovations within this con-
text. This research then helped to establish a base of knowledge from which spaces
for innovation were identified and pedagogical recommendation and design features
emerged.

There were two strands to the related-work review. The first part looked into
the various skill frameworks (Binkley 2012; Voogt 2012), the problematic nature
of assessing the highly complex, multifaceted and ill-defined 21st century skills
(Griffin 2012, 2013), the link between technological assessment and 21st century
skills assessment (Redecker 2013), and the link betweenpedagogy and the integration
of technology in the classroom (Puentedura 2014).

The second strand of research considered existing solutions and developments
in and around the area of 21st Century Skills, their assessment and the promotion
of personal reflection around them. In the K-12 space, work of interest in the area
included that of 21CLD (2016), P21 (2009), ATC21S (2012), CAA (2016), PISA
(2009), The European Commission (2007), and the GRASS project (2016) along
with many other smaller incubator projects. From this, one research organisations’
attempt in the area, namely ATC21S, will be looked at as a representative sample of
our findings around what the 21st century skills assessment landscape looked like
at the time this research took place. ATC21S is a particularly strong example for
consideration as they worked with those in OECD/PISA on the development of this
international wide-scaling and innovative frame and had the backing of Cisco, Intel,
and Microsoft.

The ATC21S project was a large scale international research collaboration
between industry, academics, governments and schools aimed at accelerating global
education reform by mobilizing those communities to help transform the teaching,
learning and measurement of 21st century skills (ATC21S 2012; Griffin 2013). In
terms of reaching this goal, the project focused on the development of an assess-
ment framework around two ‘soft skills’, collaborative problem solving and ICT. In
terms of collaborative problem solving, ATC21S developed hypothesis and deter-
mined a framework for the assessment. Within these, cognitive and social sub-skills
were articulated along with performance indicators and developmental progressions.
Based on this work, assessment tasks were designed and piloted first within cognitive
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laboratories and then within schools. Resources were refined based on the testing
and put in to the public domain for international use and development.

Specifically, the assessment tasks designed for ATC21S took a single-person,
problem-solving task design and structured it so that it was a computerised collab-
orative effort. In the collaborative task, each partner received different, yet com-
plementary, information and needed to communicate and engage with each other
to complete the task’s objective. Each partner’s actions were captured and the data
was mapped to and scored on the developed framework. Due to the complexity of
collaborative problem solving, and the multiple sub-skills and strands, no one task
fully addresses the skill as a whole and ATC21S developed a series of tasks bundled
together to offer a more accurate picture of a student’s competency in the skill.

In terms of offering perspective on where global research was at the time this
project commenced, the ATC21S project is an exemplar, explicitly in terms of the
specific features of:

1. Focusing on a single skill or skill set,
2. Developing a deep exemplar framework for assessment based on the complexity

of the skill as attitudinal, behavioural, cognitive, etc.,
3. Creating a specific task for the purpose of assessment,
4. Creating a curriculum independent task,
5. Supporting the task content with subject material, and
6. Utilising data to offer benchmarks for skill measurement.

A goal of ATC21S’ work was to inform development in and around conceptual,
methodological and technological advances in assessment in the the 21st century
skill arena; their work, and the similar work of others in the field, informed our
research direction.

3.3 Framework and Application Design

This section looks into the pedagogical and user experience (UX) frameworks we
designed for a self-assessment, gamified experience to capture and assess 21st cen-
tury skills. We have designed both frameworks as complementary to each other and
interweaved, as opposed to parallel processes that run independently.

3.3.1 Pedagogical Design Features

In addressing the challenge of supporting the teaching and learning of 21st century
skills in K-12 and based on the review in 21st century skills, their assessment, and
the pedagogical design surrounding these areas, we identified a number of peda-
gogical recommendations—which would become design features within the actual
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application—based on the findings of the review, and in regards to where gaps in
innovation exist within the space:

Vertical and horizontal mobility: The developed SkillTrack! model and user appli-
cation should be able to cross grade/age levels and content areas as opposed to
being grade level or subject specific.

Not activity specific: The SkillTrack! model should be more than a ‘once-off’ activ-
ity and have longevity and breadth to it as opposed to being a singular activity
that a student/teacher only interacts with once.

Authentic classroom dynamic: SkillTrack! should fit within the authentic class-
room dynamic and become an extension of regular classroom practice, inclusive
of all students, as opposed to being something that interferes, prohibits or breaks
up the standard rhythm of instruction or targets specific student groups.

Activate student skill literacy: Student understanding of the skills is not being
addressed—global focus seems to have jumped straight to the assessment of the
skills without focusing on the ‘teaching’ and ‘learning’ of the skills.

Be based in experiential learning: As opposed to forcing a context for the skill if
possible the pedagogy should be rooted in a naturally occurring learning experi-
ence and work to make these implicit skills explicit.

Offer formative assessment for learning: Currently assessment activities in this
area are summative, ending in nature; there should be amore streamlined approach
that utilises continuous formative, continuous assessment to promote true anddeep
learning.

And lastly, the premise was established that within the SkillTrack! app:

The design be flexible: as it is clear that this is not a well defined space the SkillTrack!
app should be flexible and dynamic offering many options for future design and
extension of the original frame. For example supporting different 21st century
skills models.

Transform the relationship student-teacher-knowledge: The design look to trans-
form the relationship among student-teacher-knowledge. Using the SAMRmodel
of technological integration in the teaching and learning setting, the technology
should offer more than a Substitution to or Augmentation of typical classroom
practice but work towards Modifying and/or Redefining it (Puentedura 2014).

Data be viewed as baseline: that the data generated from the SkillTrack! experience
be something that is not limiting and can be used to establish a baseline for future
development.

With these design features, it was established that the best direction for innova-
tive and accessible development was in the self-assessment space. Self-assessment
allowed for the needed flexibility established within the recommendations, was not
a path being pursued by most researchers at that moment and had the potential for
more innovation. Additionally, a self-assessment format would:

1. Activate student understanding of 21st century skills, providing knowledge base
and literacy as well as ‘direct’ instruction for what is traditionally considered
implicit
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2. Allow for a student owned experience that leveraged personal goal setting, con-
tinuous feedback, strength and deficit identification and formative assessment

3. Allow for metacognitive awareness to increase student ownership and responsi-
bility for skill development

4. Inform classroom choices and is universally applicable in all three realms of the
educative relationship (student-teacher-knowledge).

The decision was then made to create a 21st century skills self-assessment app,
SkillTrack! With the knowledge that this app would be trialled in Ireland, the frame-
work that was chosen for the 21st century skills was that used by the Irish National
Council for Curriculum and Assessment (NCCA) for the Junior Cycle (see below).
It should be noted that while informed by and trialled within this context, the peda-
gogical frame and the gamification framework are not limited to the Irish setting and
have been designed to be as generic and extensible as possible. At the time of app cre-
ation, these skills included Being Creative, Working With Others, Communicating,
Managing Myself and Managing Information.

3.3.2 Context to Inform Design Recommendations

With the research being trialled within the Irish context, the defined setting for the
design in the K-12 setting was the secondary school. In Ireland, K-12 education is
divided into primary (ages 4–5/5–6 until the ages of 11–12/12–13) and secondary
(ages 11–12/12–13 until the ages of 16–18/17–19). Within the secondary system,
there is a division between Junior Cycle (ages 12–14/14–16) and Senior Cycle (ages
14–16/17–19) with an exam marking the end of each cycle. Based on the nature of
the research objectives as well as the background of the researchers, the Senior Cycle
within the secondary setting was initially defined as an appropriate context for design
and trialling: specifically, the 4th year cohort (ages 14–16), as this is considered a
transition year between the two exam cycles and offers more classroom flexibility.
However, due to certain practical trial limitations (e.g., the ability of 1:1 devices in
schools), it should be noted that the application was trialled within the 1st and 2nd
year cohorts (ages 11–14, inclusive) of the Junior Cycle setting.

3.3.3 Pedagogical Frame

Building on the above design recommendations, the pedagogical frame created for
this use casewas based on assessment strategies for self-directed learning and utilised
the conceptual design ofmanage, monitor andmodify in regards to student behaviour
around 21st century skills. Specifically, the model of reference is (Costa and Kallick
2008) model of self-directed learning and their process design model for feedback
and continuous learning.
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Generally, the pedagogical frame consists of a the learner working through a
phased experience which:

1. Starts with an identification of an experiential learning instances (a tagging of
one of the identified 21st century skills on the home page),

2. Continues with multiple benchmarked experiences (an answering of either a
quick answer multiple choice or free text question to activate student literacy
and learning within the tagged skill),

3. Ends with the selection of an exemplar (student uploading of personal evidence
of work in the skill) and a self-assessment (self-rating based on reflection).

At the completion of one phase, the learner enter into the next phase. To sup-
port this, a frame was selected with the steps of each phase being built using a
blend of feedback spirals and metacognitively scaffolded benchmark prompts that
are designed to activate experiential learning (using Bloom and Krathwohl 2000’s
revised taxonomy,Wiggins 2005’s ‘6 Facets ofUnderstanding’,Kolb’s learning cycle
Kolb 1975, 1976; Zimmerman 2013’s ‘Phases and Sub-process of Self-Regulation’).

Considering the specific self-assessment activities, benchmark activities within
each phase are based on Rolheiser (1996)’s growth scheme for teacher implemen-
tation of stages of student self-assessment and student self-rating is done using a
modified version of Marzano (2006)’s 4-Point Self-Assessment Scale. Additionally,
Ross (2006) on how self-assessment contributes to learning was referenced.

In regards to the specific creation and scaffolding of content within the onboard-
ing, benchmarked experiences and exemplar questions and tasks, Blooms revised
taxonomy (Bloom and Krathwohl 2000) was used to formulate questions and tasks
as was the concept of knowledge acquisition needing to occur prior to knowledge
application.

3.3.4 Gamification Framework

This section describes and explains a gamified system for the aforementioned peda-
gogical design,mainly focusing on a proof-of-concept tablet app. The systemconsists
of a tablet app, and a group of players who are students. The way the system will
be designed and deployed is explained below, using the 6D Gamification Design
Framework (Werbach 2012) (each sub-heading in the section below is one of the Ds
of the framework).

3.3.4.1 Description of the Gamified System

The system consists of a tablet app, a website, and players who meet in real life to
participate in class activities. The players with the role of a student will be using the
tablet app. The setting is a physical and synchronous classroom environment for the
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majority of the game tasks, and other environments for a few tasks. No asynchronous
teaching or learning is assumed, but is not prohibited either.

The students will use the tablet app to identify when in class they are active in
one of the 21st century skills defined by the NCCA. The home screen provides the
students with the identified skills and they have to tap the appropriate choice each
time they have used a skill in the classroom (e.g., Alice taps “Creativity” after solving
a new problem in Mathematics). To qualify this input without interrupting the class,
the app will occasionally ask the student to perform short benchmark tasks after they
have tapped a skill. However, these benchmark tasks will not appear each and every
time the student has selected a skill. These skills-literacy and contextualisation tasks
activities are organised in levels (phases) of increasing difficulty and are rewarded
as described in the following sections. A preliminary on-boarding phase has been
designed in a way that it can be delivered by the teacher in class without consuming
too much class time. Moreover, to clear a phase the student will have to upload an
exemplar of an achievement of theirs that reflects each skill.

This gamified self-assessment process is suitable for both the Junior and the Senior
Cycle and is not affected by pedagogical decisions with regard to the language of the
assessment. Thus, it can facilitate multiple models of 21st century skills, multiple
education systems, curricula, age groups, taught modules, or languages. Many of
these benefits derive from the curriculum-independent nature of the self-assessment
pedagogy itself, and not specifically from the gamification process.

The role of other stakeholders such as the teachers and parents is beyond the scope
of this paper.

3.3.4.2 Define Business Objectives

One main reason why a design decision was made to gamify the process is that the
self-assessment process is a continuous one. Indeed, the pedagogy is based on the
continuous feedback spiral described in Costa and Kallick (2008).

Since self-assessment is an iterative process, it is only safe to assume that initial
iterations will produce poorer results than subsequent ones. Competence in self-
assessment depends greatly on familiarisation with the assessment language. Thus,
it is important to keep motivation among students high until they reach a stage where
they will produce rich self-assessment material.

Gamification can facilitate getting the best out of students’ self-assessments by
keeping them in a mental state of flow (Csíkszentmihályi 1990). A state of flow is
one where the students immerse into their tasks and thus they are more likely to
respond in a qualitatively appropriate way.

3.3.4.3 Delineate Target Behaviours

The target behaviours are the following. Firstly, tagging. That is, a player is expected
to use the system to digitally tag a physical activity. That is, a key performance indi-
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Fig. 3.1 The student user-experience map for the capturing of the 21st Ce. skills. A ‘Hero’s Jour-
ney’ experience is designed by phases of increasing difficulty, micro-credentials as rewards, and
personalised solutions (exemplars) to ‘quests’

cator (KPI) of the system will be the amount of user activity related with identifying
that they have used a 21st century skill in the classroom.

Secondly, a target behaviour is for the player to explain their involvement with
the skills. That is, a KPI of the system is the amount and the quality of user activity
around the benchmark tasks during the phases, and the uploaded exemplars at the
end of each phase (see Fig. 3.1).

3.3.4.4 Describe Your Players

The players are young, and relatively tech savvy (as we assume that their schools
has provided themwith tablet devices). While the pedagogical design and the overall
gamification framework (phases, exemplars, etc.) have nothing that absolutely pre-
scribes a tablet app and could be used with paper-based forms, the age of the players
favours a digital solution.

The players, depending on their exact age, could have a varying level of workload
and this could affect the use of the system. New students could use the system more
due to excitement about its novelty, while near-graduation students could be affected
by the current Irish educational system’s high appreciation of examination results
and focus on those rather than on 21st century skills.



3 A Universally Accessible Self-assessment Gamified Framework … 51

Fig. 3.2 Various designs for badges for the system. Benchmark badges also function as a progress
indicator within a phase, while skills badges can indicate both progress across all phases and
Marzano scale. Badges can be verified—but not evaluated—by teachers.A ‘guide’ avatar is designed
to provide guidance to the students

3.3.4.5 Devise Activity Loops

Themain activity loopwill be to tag classroomactivities in the system/app.Moreover,
if the user has tagged a skill a set number of times they will be asked to complete a
short benchmark task. Finally, the users get to upload an exemplar work of theirs for
each skill that represents their best example of what each skill looks like in practice.
For the main activity, the feedback is a simple notification that they have performed
the tagging (see about microinteractions at the section below). For the benchmark
and the exemplar tasks, the users will receive digital badges within the system (see
Fig. 3.2). These badges were designed so as to assign a status to users depending
on their self-assessment and include some teacher validation (not evaluation, rather
validation in the sense of avoiding plagiarism etc.).

3.3.4.6 Don’t Forget the Fun!

All the points said above, it is expected that satisfaction, within-school civic-duty-
like fun, not necessarily playful fun is going to be the key motivator for players to
participate in the system. Fun is sought by expanding intrinsic motivation, it is not
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the goal that the aforementioned badges will be a major motivation force. Rather,
extrinsic motivations will provide moments of instant gratification for sticking with
the system, while, using again the examples of Alice tagging “Creativity” in a Math-
ematics activity, the Mathematics activity itself is supposed to be the playful fun of
the system.2 This can be conveyed to the users via the app’s visual design and text.
However, various benchmark tasks can be designed so as to have playful elements.
A “guide” avatar, designed to provide guidance to the students, can also consist as
an element of playful behaviour.

Due to practical limitations, such as changing the target age group and, thus, the
visual design, not all of these fun elements were eventually implemented in the app
(i.e., the “guide”).

3.3.4.7 Deploy the Appropriate Tools

The appropriate tool here is a tablet app. The tablet app is intended to capture skills
on the spot. Moreover, one can see their badges and previous exemplars.

A tablet is preferred since it is a mobile device which is less cumbersome for
text input than a mobile phone. It allows on-the-spot capturing of skills and also to
complete benchmark tasks that would require text input (e.g., “What does it mean to
be excellent at Collaboration?”). Larger screen real-estate at tablets also means that
browsing history or an overview of exemplars is better than using a mobile device.
Furthermore, tablets are increasingly being adopted as one-to-one devices in schools.

As the players are young and tech savvy, they shouldn’t have any difficulty in
using this technology.

Overall, our gamification framework suggests the design of a finite game, where

(i) mastery, ownership, and identity are the chief motivators,
(ii) there are clear checkpoints as victory conditions,
(iii) levels of difficulty, levels, rewards (badges), reinforcement through teacher

validation of the badges, and quests (exemplars) are the game mechanics,
(iv) and status, achievement, and feedback by the teacher are the social interactions.

3.4 Application Experience

This section describes the functionality of SkillTrack!, a learning application for
tablet devices that brings together innovative pedagogy and supportive technology
by implementing the aforementioned pedagogy and gamification framework, tomake
learning more relevant and effective for students by supporting their practice, devel-
opment, and self-review of 21st century skills.

2There is lack of evidence to suggest that it is even feasible to substitute most fun in-class activities
with a piece of software.
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3.4.1 Functionality

Generally, SkillTrack! is a student-led curricular app that runs simultaneously to
teacher instruction (and includes a Teacher Dashboard component). While in class,
students have the app up and running and when they think they have used one of the
pre-identified set of 21st century skills to complete a classroom task, they hit that
skill’s button on the homepage (see Fig. 3.3). This may be done during classroom
transitions or at the end of class. In response to the student hitting the skill, the app
acknowledges the student’s inputwith a thumbsupor a quick answer question appears
regarding why the student has just hit that skill. After the question is answered, the
student returns to the homepage to continue tracking skill usage throughout the class
and their school day. This structure allows for the app to be used throughout the
user’s day irrespective of the activities that they engage in as well as providing a
frame that can be adapted based on age and ability.

To familiarise students with the skills and the type of self-reflection that the app
requires, the app has an onboarding phase that is teacher-led and comes before the
students begin tracking their skill usage. This onboarding phase reviews the skills,
asks for the students to think about what the skill is, when they use it, what being
excellent in it looks like, how theywould define it and how theywould rate themselves
in their ability to do it. Once onboarding has been completed for each skill (either in
class or at home—the recommendation is for the teacher to model at least one of the
skills), the app is active for tracking.

In tracking, students encounter up to four phases. A phase consists of a series of
tags or tracks by the student, the answering of intermediate quick answer questions,
and an outside of class exemplar stage. Once the student has completed the interactive
classroom portion of the phase (which can be tracked by the filling up of the badge

Fig. 3.3 The microinteraction for the capturing of the 21st century skills. A user performs some
activity in the classroom and then in the app they tag it by tapping the respective option. The system
gives them feedback about the success of the microinteraction. Two possible designs for different
tablet platforms are presented
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Fig. 3.4 Extension loops of the taggingmicrointeraction for the capturing of the 21st century skills.
After a user taps a skill for a certain number of times (as in Fig. 3.3) they are prompted to perform a
benchmark task (left). After they have performed all the benchmark tasks of a phase they are asked
to upload an exemplar of the skill to move to the next phase (right)

Fig. 3.5 Selection of self-assessment ratings. Descriptions of each rating help contextualise them

next to the skill on the homepage) the button for the skill will change to notify them
that they are entering the exemplar stage. This stage of the phase is done outside
of class and is where the students reflect on their work and ability, providing and
qualifying an example of evidence of their work in the skill (see Fig. 3.4 left) as
well giving a self-assessment rating (see Fig. 3.5). At the end of the exemplar stage,
the student receives a badge (upon teacher approval via the accompanying teacher
dashboard where student progress is being recorded and can be monitored by the
teacher). A student is unable to move on to the next phase until every skill in the
previous phase has been completed.
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3.4.2 User Experience Design

The pedagogical design and the gamification framework described above can result in
many different implementations, but they all require a single interaction: to digitally
tag the physical activity of the skill by tapping the appropriate choice each time they
have used a skill in the classroom (e.g., Alice taps “Creativity” after solving a new
problem in Mathematics). This interaction is a microinteraction: microinteractions
are “contained product moments that revolve around a single use casethey have one
main task” (Saffer 2014) and they consist of four parts.

3.4.2.1 Triggers

The trigger (see Fig. 3.3) that initiates the microinteraction is the user. The user
performs some activity in the classroom and then in the app they tag it by tapping
the respective option.

3.4.2.2 Rules

The rules for tagging are explained during an onboarding phase to the students,
and also by the teachers. It is anticipated that teachers would adapt the use of the
tool to their teaching style. From the systems point of view, the rule is that the
microinteraction needs to be triggered and then it will give feedback to the user or
will initiate a loop (see the fourth part of microinteractions below).

3.4.2.3 Feedback

Feedback needs to be kept to a minimum in order to avoid interruptions of teaching
in the classroom. A “thumbs up” icon with an informative text about which skill has
been tagged should appear (see Fig. 3.3).

3.4.2.4 Modes and Loops

Two extension loops of the tagging microinteraction for the capturing of the 21st Ce.
skills are based on user behaviour as described below:

• After a user taps a skill for a certain number of times (as in Fig. 3.3) they are
prompted to perform a benchmark task (see Fig. 3.4 left).

• After they have performed all the benchmark tasks for a phase, they are asked to
upload an exemplar of the skill to move to the next phase (see Fig. 3.4 right).

• After the user has completed either a benchmark task or an exemplar, they receive
their respective badge (see Fig. 3.2).



56 K. Kipp et al.

Overall, the aforementioned microinteraction design has a twofold intention. Its
simplicity aims to enhance the usability and the user experience of the system.More-
over, the interaction design needs to facilitate the use in an authentic classroom
environment and not interrupt teaching.

3.5 Implementation

3.5.1 Conceptual Framework

Figure3.6 provides a high level overview of the SkillTrack! Framework illustrating
how the SkillTrack! application fits into the wider context of use. The ‘user’ at
the heart of the framework is the student that wants to engage in continuous self
assessment of 21st century skills. As illustrated the framework includes a feedback
cycle in which the student engages in their day to day activities, attending classes,
completing assignments, etc. and tags when they use any of the skills available to
them using the SkillTrack! app. The feedback loop is completed through positive
motivational mechanisms such as badges. The exact nature of the skills assessed
through SkillTrack! is dependent on the needs of the organisation and can be tailored
to best fit those needs.

The students’ interactions with SkillTrack! can be through any medium that best
suits their day to day environment. For example an app for tablet devices in schools

Fig. 3.6 SkillTrack! framework
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with one to one devices, amobile phone app or awidget built into an existing platform
or service such as MS Office 365 or even an immersive virtual environment. The
widget or plugin based implementation is an interestingmode of use asmanydifferent
digital environments require the use of 21st century skills (e.g. communication and
collaboration in virtual environments, information management and critical thinking
in productivity tools). A widget embedded into such an environment allows these
skills that are implicit in the use of that tool to be made explicit for the learning
turning that tool into a 21st century skills platform.

The students interactions with SkillTrack! are analysed using a centralised Skills
Analysis Platform, this allows observations about the student’s use and application
of the skills tracked by SkillTrack! to be presented back to the student in ways that
help them to better understand their use and application of skills and to understand
better their strengths and weaknesses when it comes to 21st century skills. This
information is also used to provide others within the organisation with a view of
how the organisation as a whole is performing with respect to 21st century skills,
for example a teacher or principal in a K-12 context. Depending on specific needs
this dashboard can provide information on individual students or it can provide an
anonymised, aggregated view that can be used to better understand the skills across
the school structure (classes, years, etc.).

The final component of the SkillTrack! Framework is the integration of skills
evidence from sources other than the SkillTrack! application. The SkillTrack! appli-
cation provides a holistic baseline of all of the skills that an organisation is interested
in developing amongst their students and does so in a way that is agnostic to the
actual context in which those skills are applied. This feature of SkillTrack! provides
the opportunity to incorporate more specific or contextual information about how
an individual applies or utilises 21st century skills. For example information from
an activity in an virtual world activity can be fed into the Skills Analysis Platform
in order to enhance or bolster the evidence of a specific skill. This element of the
framework is beyond the scope of this paper.

3.5.2 Software Architecture

The SkillTrack! tablet app is a key component of a wider architecture designed to
support multiple stakeholders (students, teachers, etc.) in the assessment of 21st cen-
tury skills. A component based approach was used for SkillTrack! allowing features
to be added to the system with little or no impact on the existing client applications.
Additionally, this approach makes as much of the architecture as possible agnostic
to the specific application domain in which SkillTrack! might be applied. Although
the initial use case that SkillTrack! has been evaluated in on focuses on 21st cen-
tury skills for 12–15 year-old students in Irish secondary schools (Junior Cycle) it
was realised very early on that the approach should be and indeed is more broadly
applicable. As such, it was important that the architecture could easily facilitate its
application in other use cases, e.g., 21st century skills for a different age range and
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Fig. 3.7 SkillTrack! architecture as implemented

or different domain or in a different context altogether such as corporate business
competencies. The component based approach helps in this case as the use case spe-
cific aspects of the system (the activities that the user engages in) are independent of
the client application, which can be reused across multiple use cases with minimal
modification.

Figure3.7 provides a high level overview or the SkillTrack! architecture, which
consists of two client components designed to addressing the needs of the primary
stakeholders in the SkillTrack! use case, namely the student and the teacher. Students
use the SkillTrack! app on their personal device (e.g., tablet) or alternatively on their
PC providing them with a self-paced, self-assessed experience. Other stakeholders
such as teachers are provided with a web based dashboard that provides them with
an overview of how specific groups of users are utilising the SkillTrack! app, giving
them insights into the skills that students feel they are using in their day to day
activities both as part of their school day and beyond. The Dashboard allows teachers
to gain insight into the progress of individual students both in terms of their general
engagement and use of the app and based on individual skills.

The experience itself is generated by the Activity Builder, which reconciles a set
of models to generate the activity model that the tablet app instantiates in order to
deliver the desired activity (sequence of tagging, benchmark and exemplar tasks).
The Activity Builder is implemented as a web service, which is accessed by the app
in order to retrieve dynamically generated models for each skill/phase combination.
This approach has been taken to allow for the activity to be adapted based on the
student’s engagement with the system allowing for a more dynamic and open ended
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Fig. 3.8 Screenshot of the SkillTrack! teacher dashboard class overview page

experience that is less predictable. However, a prebuilt SkillTrack! experience can be
bundled with the app itself removing the need for the Activity Builder if desirable.
This comes at the cost of the dynamic, adaptive experience.

The student’s interactions with the SkillTrack! app are logged with the Analyt-
ics Service, a web service that supports the logging and analysis of the student’s
interactions. The Analytics Service supports the logging of student actions such as
the tagging of skills, completion of benchmark tasks (rating, ranking, etc.) and sub-
mitting exemplars. The Analytics Service is responsible for the analytical functions
of the SkillTrack! architecture, both for the generation of basic usage statistics and
the more advanced analytics such as the use of Natural Language Processing (NLP)
based analytics. These NLP based analytical functions include sentiment analysis of
the free text entries submitted by the users, analysis of the lexical complexity of sub-
mitted text and a measure of the ‘coverage” or alignment of the language used by the
students with the language used to define those skills in the underlying skills rubric
upon which the SkillTrack! activities are based. The role of these more advanced
analytical functions is to provide a deeper insight into the usage and understanding
of the 21st century skills beyond simple usage based statistics.

The Dashboard, Fig. 3.8, is a web, browser-based application that allows teachers
to gain an insight into the progress of relevant groups of students as well as to
delve deeper into the use of SkillTrack! by individual students. It interacts with the
Analytics Service through a web service API to retrieve the relevant information
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which can then be visualised. The Dashboard also provides several mechanisms
through which the teacher can become more involved in the student’s SkillTrack!
experience. Students can request support via the SkillTrack! app which turns on a
flag in the Dashboard notifying the teacher that a student would like some help or
support. Teachers can also be involved in the awarding of badges to students. When
a user completes a phase they request a badge which a Teacher can approve via
the Dashboard. This provides the teacher with a degree of oversight on the process
though their involvement in the approval process.

3.6 Evaluation

3.6.1 Methodology

In regards to evaluating SkillTrack! and the SkillTrack! Teacher Dashboard, themain
goal was to be able to test the application in a way that would provide insight into the
research objectives, resulting pedagogical recommendations, and technical supports
(usability and data analytics). With these as the requirements, a trial structure was
selected for evaluating the design in use with questionnaires, teacher and students
interviews, providing end-of-use evaluation and overall triangulation.

The trial and its specifics are presented at Appendix A. A summarised version is
offered here.

3.6.2 Overview of the Results

An interesting observation that was made about the usage of the SkillTrack! app
by students was the time of day at which it was used. As might be expected, the
majority of the usage of the SkillTrack! app was during the school day between 9am
and 4pm. However, a significant proportion of the observed interactions (22% or
1436 interactions) were outside of this time period. This can be seen as indicative of
the students being motivated to engage with the SkillTrack! app.

Interviewed students did not associate SkillTrack! with any specific activity, nor
did they comment negatively about integrating it into the authentic classroom expe-
rience.

One of the underpinning pedagogical premises of SkillTrack! was in creating
an app experience that addressed student understanding, experience, practice and
development, or overall literacy, of the 21st century/Key skills. With students com-
menting specifically on this pedagogical design element, and in a unprompted and
generally positive strain, a preliminary finding can be made around the app success-
fully activating student literacy and creating informal learning opportunities around
the skills.
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In regards to designing an app that would be based in experiential learning, the
pedagogical design of SkillTrack! was interested in students utilising their own nat-
urally occurring learning experiences to anchor the app experience and bring about
the explicit recognition of the implicit. Student comments, while referring to the
metacognitive experience of linking the skills to personal experience, offer no con-
clusive finding on this design element.

The badging feature was considered to be a strong feedback mechanism to the
students and that it could be expanded; additionally, with greater development the
badges could have greater worth in providing feedback on practice and development.

In summary, generally in regards to the pedagogical portion of the app, from the
student users point of view, the pedagogical design and activities accomplished what
they intended to (with certain noted reservations).

In all of the evaluated areas, the strongest feedback given was in support of use
of the app activating student literacy of the skills. The strongest drawbacks within
the app design were around the language and the difficulty in using the app without
teacher support.

In summary, the teacher’s response paralleled those of the students, with the
pedagogical design and activities accomplishing what they intended to.

In all of the evaluated areas, the strongest feedback given was in the design areas
of integrating into the authentic classroom dynamic, activating student literacy and
experiential learning. In regards to the pedagogical activities, the onboarding received
strong praise as did the exemplar and self-assessment portion, validating both the
choice and design of them. The strongest drawbacks within the app design were
around, as in the student feedback, the use of age appropriate language as well as the
ability of students to remember to use the app.

3.7 Conclusions

When considering both (Trial 1 and Trial 2) qualitative data sets, and the findings and
conclusions from both students and teacher, there are some clear parallels that allow
for conclusions in regards to both the pedagogical design elements and activities.

The design element with the strongest support from both the students and the
teacher was that of Activating Student Literacy with both groups providing unso-
licited positive comments around their experience of this element.

Other design elements to receive favourable comments included those of Expe-
riential Learning, Formative Assessment. Additionally, the Exemplar activity was
viewed as a strong element by both the students and the teacher. The teacher also
felt quite strongly about the Onboarding activity, and while no students commented
on this activity, the teacher feedback was enough to view this activity as favourable
(especially as it is the one activitywithin the app specifically designed for the teacher).
Additionally, the teacher confirmed the choice of Self-Assessment for the purpose
of 21st century skills assessment.
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This qualitative data then would preliminarily affirm and support the effectiveness
of the following pedagogical design choices:

• Activating Student Literacy
• Experiential Learning
• Formative Assessment
• Exemplar Activity
• Self-Assessment Activity
• Onboarding Activity.

Two pedagogical design choices that would have received both positive and nega-
tive comments were the Integration into Authentic Classroom Dynamic and Bench-
marking Tasks.

In regards to Integration into Authentic Classroom Dynamic, while the teacher
spoke favourably about SkillTrack!’s ability to integrate into the class without inter-
fering or interrupting, this statement was also qualified with the comments by both
the students and the teachers on the need for teacher support of the app as well as a
notification system to remind students to engage with the student-led curriculum.

Additionally, the design activity of the Benchmarking Tasks received qualified
positive feedback, with both students and teacher commenting favourably on the
concept but qualifying the comments with mention of the language used within the
questions being too sophisticated for this age group.

Two pedagogical choices that received mostly negative comments were those
around Vertical and Horizontal Mobility and Transformative Technology. It should
be noted, as in the above, the negative comments were not due to the design premise
but due to the execution of the design premise. In the case of these two elements,
however, this execution prohibited the overall experience.

Specifically, in regards to the Vertical and Horizontal Mobility, both students and
the teacher focused quite specifically on the language used within the app being
pitched above the user group, meaning that in regards to vertically mobility and
SkillTrack! being used at various age/grade/year levels, considerable thought would
need to be put into the language (and design) choices to make it appropriate. This is
not an unexpected preliminary finding as the original pedagogical script was written
for the 3 age/year levels above the final user group.

A finding then around the design premises of Vertical and Horizontal Mobility
can be made in regards to how these concepts are articulated within the app itself as
well as how the app is used.

In regards to the design element of Not Activity Specific and the design activities
of Skill Tagging, none of the qualitative data by either the students or the teacher
spoke to these. This is an understandable finding concerning Not Activity Specific
as there would be no need to comment on this (unless the feeling was that it should
be activity specific). With regard to Skill Tagging, while this is the main pedagogical
activity (through which many of the design elements are articulated) no specific
comments may be seen to mean that this was an effective activity that was both easy
to understand and not problematic enough to note.



3 A Universally Accessible Self-assessment Gamified Framework … 63

In conclusion, concerning Universal Access to self-assessment for 21st century
skills, we identified several factors towards this direction (such as experiential learn-
ing, formative assessment), while others (vertical and horizontal mobility) require
further experimentation. Overall, the framework was enhanced by the parallel peda-
gogical and UX design, as shown by the positive reception of processes such as the
onboarding and the gamification.
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Chapter 4
Designing Pedagogy for Virtual Worlds
in Multicultural Environments

Elaine Hoter and Manal Yazbak Abu Ahmad

Abstract This position paper looks at the design and pedagogical model for using
virtual worlds in a collaborative multicultural learning environment. Virtual worlds
are gradually becoming an integral part of education and this paper discusses the
place of virtual worlds to connect between learners and cultures. The paper presents
different pedagogical designs, perspectives, projects and models, stressing the need
for incorporating design theory with collaborative learning and multicultural con-
siderations. It shows the development of these pedagogies and how these can be
integrated within virtual worlds. The paper shows the need for the design of a new
pedagogical working model, TEC Town, for working in virtual worlds allowing for
collaborative online learning between groups from different cultures. This model is
a combination of previous models for virtual worlds; social, gaming, building and
collaborative models. In the new model, the participants share a virtual apartment
in a virtual world and working in diverse cultural groups, they design and build the
interior. They add games according to the class topic together with children from
conflicting cultures.

4.1 Introduction

This position paper looks closely at the design of virtual reality for connecting
between students from different backgrounds. In order to understand how virtual
worlds can be used for developing empathy through collaborative online multicul-
tural, there will first be a discussion which deals with research in a number of related
fields including motivation, multiculturalism, collaborative learning environments,
and then the combinations of these areas of research to multicultural collaborations
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in virtual worlds. The paper will relate to the TEC Model (Technology, Education
and Cultural diversity) where technology is used to bring an understanding between
people from different cultures through a gradual process of collaborative learning
(Hoter et al. 2012).

4.2 Motivation

Even though modern technology allows us to be in contact with almost anyone, most
people choose to stay in their own safe environments and don’t reach out to people
from other cultures. They prefer to converse in their own language with people with
similar ideas, interests and beliefs. It is true that in the business world, people work
together online, but they are task oriented. They do not share interests or cultures.
Fortunately, technology has invaded the education field and now it is possible to bring
together students from diverse cultural background and even cultures in conflict to
be in a place where the participants learn to collaborate, respect and understand one
another.

International and intercultural connections help develop understanding of those
different to ourselves. Connections under specific conditions over a period of time
can change attitudes and help build empathy towards the other (Allport 1954; Petti-
grew 1998;Walther et al. 2015). It is the role of educators to supply the opportunities
and frameworks to allow their students to meet with other cultures in a safe environ-
ment. However, percentage wise, not many students get to participate in intercultural
experiences.

4.3 Multiculturalism

Due to the rapid global changes in this century, multiculturalism with all its com-
plications has become a major issue that needs to be dealt with on the educational
and the national level. The massive amount of migration from the Middle East and
growth in foreign workers have changed European countries to become nations con-
taining many diverse cultures. Xenophobia and Islamophobia are on the rise and
the European countries in particular need to find a way to combat the prejudice
and stereotypes (Helbling 2010). On the other hand, most immigrants are afraid to
assimilate with the host cultures because they wish to preserve their own cultures
and religions (Van Driel et al. 2016).
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4.4 Collaborative Learning Environments

Collaborative/cooperative learning theories have been prevalent in the field of edu-
cation for the last 60years. Since the 1990s, this has been adapted to collaborative
online learning and is being used to bring together people from different parts of
the globe (Hoter 2018; Sharan 2010; Slavin 1985). Multicultural connections have
always existed through pen pals and in the 1980s through email and later the Internet.
Originally these encounters were text based, but with all the added advantages of
instant communication and media these encounters can be richer.

Numerous projects have been developed to bring cultures together ranging from
single encounters to short term projects over a few weeks to long term connections
(Publish 1995). All these projects involve some level of collaboration between the
teachers themselves and the participants. The types of online collaborations that have
a lasting impact are those designedpedagogically for the pupils to be actively involved
in areas that interest them.An example for a single virtual encounter could bemeeting
an expert or a well-known sports personality or writer in an online synchronous
session. Another option is the popular ‘mystery hangouts’ sessions. Classes join
online for a hangout session where the children do not know the location of the
other school and have to try and guess where the other class is from. These types
of exchanges are often whole class based and the individual often does not get to
interact on a more personal level.

Short term virtual projects (4–6weeks) could be in projects such as iEARN (http://
www.us.iearn.org/) or Kidlinks (https://www.kidlink.org/) where classes are con-
nected over a few weeks to learn a specific topic together for example learning about
and making kites (Talking Kites). There are many examples of this in higher educa-
tionwhere classes join for a unit of studies across the globe, for example the European
Virtual Seminar (http://www.ou.nl/evs) Some topics are more successful than others
due to the learners’ ages and interests in the class. Another example of a short term
project is being virtually part of an event or journey. For example ‘discovery edu-
cation’ ‘Google Expeditions’ ‘Skype virtual field trips’, where you can join experts
and go on virtual field trips. The children ask questions and follow the event.

Longer term (6months and more) virtual projects allow for gradual development
and understanding between the students. Students can gradually get to know one
another and the collaborative demands can be raised over time for the assignments.
Learning in pairs or small groups with students from other societies allows for more
personal connections (Walther 2005; Hoter 2009; Hoter et al. 2012). Examples for
long term virtual projects include projects connecting different communities for a
semester or year where the students/pupils study together for at least an hour a week
such as “Deaf and Hearing” (Hoter 2006).

Some projects are designed to involve higher levels of collaboration than others.
The more collaboration there is on an individual basis with students from other
cultures, the more deeply you get to know people from other cultures and thus you
becomemore empathetic. Some are around projects and themes and others are around
problems (Shapira 2016).

http://www.us.iearn.org/
http://www.us.iearn.org/
https://www.kidlink.org/
http://www.ou.nl/evs
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4.5 Virtual Worlds

Virtual online worlds developed with the introduction of the internet. These worlds
allow participants from different locations to meet through their avatars and interact
through voice, gestures and text. Virtual worlds are part of virtual reality. They are
3D worlds where the avatar participants feel that they are present in the virtual
world. These worlds are categorised in the 2017 Horizon Report under social media
technologies and are considered as one of the important developments in educational
technology (Freeman et al. 2017). Our guiding question was can this environment be
used not just to bring together students from diverse cultural background and even
cultures in conflict but to be a placewhere the participants learn to collaborate, respect
and understand one another? Second Life, the most popular 3D virtual world, started
in 2003. This world is open to and free for adults and has been used successfully
for various online learning and collaborative ventures. However, by 2007, the idea
of an open simulator began and in the last few years numerous private worlds have
been made using the OpenSim for educational purposes. These environments can be
protected for the learners and they allow the young learner to participate as well as
form a closed and safe environment for students.

When choosing or designing your virtual learning environment, as in the real
world. It is crucial to identifying the desired learning outcomes to shape effective
learning designs for virtual spaces, whether they utilise autonomous learning activ-
ities, teacher led activities or participatory group experiences (Gregory et al. 2015).
Virtual worlds are realised in various forms or combinations. The first type is “Social
Virtual worlds” (SVWs) where the stress is on engaging in social interaction (Vrel-
lis et al. 2016). ‘Edorble’ is an example of a very accessible SVW Virtual world.
The world is designed as a virtual campus where the students as avatars can meet
socially, attend online classes and also watch live presentations. This environment
facilitates blended and online learning between the students. Teachers can request to
have their own campus specifically for their own students. The design of this world
does not allow users to build and develop in the environment, but be participants in
the activities and social interactions.

The second type of virtual worlds is “Gaming Virtual Worlds” (GVWs) which are
3D environmentswhich normally involve clearly defined quests such as TheWorld of
Warcraft (Nardi 2006). Gaming is today understood as a cause ofmotivating learners.
The challenges to get to higher levels motivate the learner to continue. Research has
shown that a game-based learning approachmight be effective in facilitating students’
21st century skill development (Qian and Clark 2016).

The third category is “Collaborative Virtual Learning Worlds” (CVLWs). In the
educational world, CVLWs are used for blended (mixed online and face to face
courses) or online instructional formats. Spatially or temporally separated students
can work collaboratively in teams by co-existing in a common virtual environment
and interacting through synchronous communication tools. Active Worlds, Quest
Atlantis, Multiverse and Aeroquest (Pellas 2017) are examples of CVLWs.
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Fig. 4.1 Types of virtual worlds

The last category is “User Generated Worlds” (UGWs) which have an open-
ended technological infrastructure and can be in different server modes (networked
or standalone). In these worlds users interact and can, if permitted by the owner,
create their own virtual environment (grids). In this case, users can be involved alone
or with others in co-creating or coordinating their activities, using programming
scripting languages ‘open’ to all users without financial cost for constructing a virtual
environment. The most well-known open source virtual worlds are Open Simulator
(or Open Sim) andOpenWonderland and the new technology and spaces called High
Fidelity.

One of the most popular virtual worlds today is Minecraft which according to
‘Business Insider’ has 74 million monthly players (2018). In Minecraft participants
build using cubes, activities include exploration, resource gathering, crafting, and
combat. This environment has been used for a pilot project to bring youth from
different cultures together to work on collaborative gaming challenges (Games for
Peace, http://gamesforpeace.org/). In their extensive reviewand assessment of the use
of virtual worlds in the teaching of STEM, Pellas (2017) present the results of various
studies that show the tremendous effect of working in Virtual Worlds on students’
learning results includingknowledge transfer, higher-order thinking, problemsolving
and social skills. They also show a big progress in student interaction referred to as
the affective learning experience (Fig. 4.1).

Liou (2012) explored EFL (English as a foreign language) college students’ atti-
tudes toward a computer-assisted language learning course conducted in SL (Second
Life). The research emphasised the advantages of virtual worlds for language compe-
tence and collaboration. Thus, the students perceived SL as an optimal virtual envi-
ronment for language learning due to its features, such as immersive collaboration

http://gamesforpeace.org/
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and real-world task simulations in 3D mode. The 3D environment also facilitated
real-world task delivery, which is difficult to manage in a conventional class and
promoted authentic interaction. Liou (2012) also argued that an ecological language
learning system should be implemented by using pedagogically sound, sense-making
tasks instead of relying on the novelty value of technology alone. Another study
discussed the quests and mysteries in virtual worlds that aim to improve English
language skills through Chatterdale Mystery virtual language village in OpenSim
(Hadjistassou 2016).

Peterson (2016), in his numerous studies on using text chats for interactive ses-
sions using ActiveWorlds and SL, shows that the EFL students saw their SL learning
experience as beneficial, more enjoyable, and less stressful than a traditional class.
Peterson’s findings show that the EFL students were engaged in collaborative inter-
action and also used different social management strategies to their interactions. He
also showed that the avatar presence improved student engagement and sense of
autonomy.

With advanced scripting and the use of HUDS (Head-ups display), it is now
possible tomake simulations in the virtual worlds. NPCs, non playing characters, can
speak and interact with the other players. This has further enhanced the possibilities
for using virtual worlds for educational experiences. In the near future, we will see
more educational uses combining VR headsets with advanced graphics for example
‘high fidelity’ where participant presence is felt considerably more than on the low
tech graphic platforms. Various headsets and equipment can be connected to enable
a complete feeling of presence in the virtual world where the avatar can mimic reflect
and mirror the real actions of the participant (Cooper et al. 2018).

4.6 Multicultural Collaboration in Virtual Worlds

When students from diverse cultures meet, the issue of intercultural literacy needs to
be addressed. Hasler (2011) uses Heyward’s Model of Intercultural Literacy (Hey-
ward 2002) together with the Cultural Historical Activity Theory and claims that
Intercultural learning environments need to be designed so that students from dif-
ferent cultures will be able to participate equally. The students need to be aware of
their own culture and of other foreign cultures so as to increase their understanding,
develop their competencies, increase their language proficiencies, and ultimately
to form transcultural or global identities. Hasler’s research using SL shows that
although the cross-cultural exchanges in SL do not guarantee intercultural literacy,
they provide participants with opportunities to move in that direction.

Firstly, it should be noticed that there is a great difference between presence and
collaboration in a virtual world. Working together is not necessarily collaboration.
Many practitioners and researchers have concluded that totally free, unguided or
unstructured collaboration does not necessarily result in productive activity or learn-
ing (Kreijns et al. 2003). Some see the establishment of rules to be an important
feature to support cooperation (Owens et al. 2009).
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Most of the existing virtual worlds tend to be individualistic or competitive in
naturewhich doesn’t help tomake bondswith other cultures.According to the contact
hypothesis, competition is seen as destructive in trying to reduce bias between groups
in conflict (Allport 1954). Therefore, if there is gaming and competition it should be
in virtual teams where the participants come from different cultures and through the
assignment or quest are forced to collaborate.

According to the ample practice and research for the last 60years in Collaborative
Learning (CL), students benefit from learning this way (Slavin 2016). However, CL’s
effect is not automatic. Placing students in groups, in any context, does not assure
that they will work easily together especially when there is a potential gap between
teachers and students’ expectations and behaviours in the classroom (Sharan 2010).

Sociable computer-supported collaborative learning (CSCL) environments focus
on the social (emotional) facets of group learning. Sociability is defined by Kreijns
et al. (2003) as the extent to which a CSCL environment is seen to facilitate a social
space with attributes as trust and belonging, and where there is a strong sense of
community, and good working relationships.

CSCL can be combined with the “Big Five” components for teamwork (Salas
et al. 2005) which are:

• TeamLeadership: this is ability to direct and coordinate the activities of other team
members, assign tasks, develop team knowledge, skills and abilities, assess team
performance, plan and organise, motivate team members and establish a positive
atmosphere.

• Mutual performance monitoring: The ability to develop common understandings
of the teamenvironment and apply appropriate task strategies to accuratelymonitor
teammate performance.

• Backup behaviour: Ability to anticipate other teammembers’ needs through accu-
rate knowledge about their responsibilities. This includes the ability to shift work-
load among members to achieve balance during high periods of workload or pres-
sure.

• Adaptability: Ability to adjust strategies based on information gathered from the
environment through the use of backup behaviour and reallocation of intra-team
resources. Altering a course of action or team repertoire in response to changing
conditions (internal or external).

• Team orientation: Propensity to take other’s behaviour into account during group
interaction and the belief in the importance of teamgoals over individualmembers’
goals. Together we have the requirements to be able to build collaborative activities
in a virtual world and the criteria for making this effective.

A six-stage model (Lim 2009) is suggested for working in virtual worlds with
children. Lim termed it six learnings where the stages are not necessarily hierarchical
ormutually exclusive, but they present the range of pedagogies that can be usedwhile
using the island as a learning experience. He recommends that interventions should
target one or two of these “learnings”.
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• Learning by exploring within the virtual island
• Learning by collaborating with others on different tasks
• Learning by being through understanding self and role-playing
• Learning by building through designing and building on the island
• Learning by championing; By this Limmeans to “adopt, champion, and evangelise
causes from Real Life” (P.8)

• Learning by expressing this would include explaining to the “outside world” what
is going on in the world using different forms of media and genres.

4.7 The TEC Model

The TEC (Technology, Education and Cultural Diversity) model is a collaborative
online learning framework for small groups that comprise students from different
cultures (Hoter 2009; Hoter et al. 2012). The TEC model enables students from
different cultures and religions, often in conflict, to work together online. It has
been fully explained elsewhere (https://youtu.be/haqc8rNa7I8). It is sufficient to say
that the model moves from a low level of collaboration to higher levels, from low
technology use, to high technology use and from written text to hearing to verbally
communicating online to actual face to face meetings. The rationale is to first get to
know the person before meeting face to face in order to decrease prejudice and bias.

4.7.1 TEC4 Schools

The largest project for online collaborative learning in Israel is called TEC4 Schools.
This is one of the programs offered by the TEC Center (center for technology, edu-
cation and cultural diversity). In the TEC4 Schools project, teachers and pupils from
3 different schools and cultures take part in a year long program where for one
hour a week the pupils work in small groups (6 students) with the children from the
other two schools. They work through the internet and carry out assignments which
gradually demand higher levels of collaboration. They work in accordance with the
TEC Model (Hoter et al. 2012) About 3000 children from 100 schools take part
each year in the program. Results and feedback from this year of collaboration show
the students improve their intercultural competencies. However, the most prevalent
complaint about the year is that it finishes and the pupils want to continue studying
together. Some teachers and pupils would also like to use more virtual environments
to collaborate.

https://youtu.be/haqc8rNa7I8
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4.7.2 The Process

According to the TEC Model students gradually get to know one another through
tasks demanding more collaboration. The environment chosen for this is a social
network developed specifically for the population in three languages. This allows
the pupils to work in small groups. Initial communication is intentionally text based
so the students do not know how the others look (just seeing clothes, hijab, skull caps
etc. cause bias before they have even met). The problems we have previously faced
using the social network was the difficulty to create a sense of belonging to the small
group and develop interdependence within the small group. With all the advantages
for using virtual worlds to enhance collaboration and intercultural competence we
built a social virtual world (SVW) called TEC Island as ameeting place to understand
other cultures.

The TEC island includes 4 places of worship: a Mosque, a Synagogue, a Church
and a Khilwah (place of worship for the Druze religion). The Island is a place for the
children and students to meet virtually and carry out joint assignments. The Island
has a storytelling corner, a “dabuka” drum circle, a place to learn languages: Hebrew,
Arabic and English as well as games about festivals connected to the other religions
(Fig. 4.2).

As creative and fun this world might be, there were a number of drawbacks. Not
enough teachers used the world and aside from technical considerations we realised
thatmanyof the teachers, despite in-service training,were not confident in themselves
when using the island. To overcome these issues, we made a training Island for
everyone as a precondition to being on the TEC Island where the participants need

Fig. 4.2 TEC Island introduction
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Fig. 4.3 The fruit market

to go through 14 stations and then they earn their wings and can proceed to the TEC
Island.

Another issuewas thatmost of the activities, unless set specifically by the teachers,
are individualised experience and children don’t want to return to the island unless
there they have new activities. We started to develop more collaborative activities
in the Island. For example, in the virtual Jerusalem area, you can add a prayer for
Jerusalem onto a balloon and only when three different people write a prayer do
the balloons lift off. We also have role playing activities for buying fruit in different
languages (Fig. 4.3).

A third issue was a language one. The TEC Island is in three languages and
the OpenSim environment does not allow typing from right to left for Hebrew and
Arabic. There are programs to correct this issue but the letters in Arabic were not
connected and it was very difficult to read. Solutions were found using an advanced
HUD to receive notices and messages.

As Kreijns et al. (2003) stated, we needed a social space where there is a feeling
of trust and belonging, and where there is a strong sense of community and good
working relationships. This takes time to build and can’t be done through a one hour
session. We needed to build a place where the pupils feel they really belong and
where they will want to continually return.

In order to do reach this aim, we realised that we needed to view the process from
the learner’s perspective and develop an island according to their needs and features
that would motivate them to learn and collaborate with others. Our solution was
to build an Island that would belong to the learners. As explained above, there are
islands where the participants can jointly build the Island, but this is specialised work
belonging to a different course on building virtual worlds with different pedagogical
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Fig. 4.4 A new model for virtual worlds

aims. Not everyone likes to build, and we can’t make an Island just for the techno-
minded students. As in life, there are people who prefer to buy ready-made items
and not DIY (Do It Yourself)! We wanted the students to work truly collaboratively
and learn from one another.

The solution we came up with was to form a newmodel for interactive learning in
virtual worlds that combine building and shopping as well as gaming and socialising
(Fig. 4.4).

We built a new virtual world to be used for continuing pupils and classes whose
teachers felt confident with using the technology. The world is divided into areas,
each area for a different cluster of schools (three classes work together) in accordance
with the TEC Model (Fig. 4.5).

Each area consists of residential areas with beautiful modern houses. The small
group of six pupils (two from each class) get an empty house with the number of
their small group on the door. They get to live in their house throughout the year and
design the interior of their home. Many items they can get from the various shops
on the Island and adapt and some they learn to build. The world is designed so that
each student can only build within his own group house and garden (Figs. 4.6, 4.7
and 4.8).

The project has been enhanced by having a face to face session early on in the
project with the pupils from the other schools and cultures so they can discuss the
designs and activities. After this meeting it was easier for the children to collabo-
rate. We hope that the world and activities will encourage the students to join from
home and feel this is a home away from home. This is surely the highest level of
collaboration that comes the closest to actually living together.
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Fig. 4.5 TEC town

Fig. 4.6 The group house
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Fig. 4.7 A group of participants inside the virtual world

Fig. 4.8 The home store
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4.8 Challenges

The reticence to using virtual worlds to improve language skills and collaboration
in the classroom is not just because of issues of technophobia for some of the teach-
ers, but based on real technical issues. These include lack of the minimal technical
requirements to use virtual worlds in many schools (bandwidth, compatible graphic
cards etc.). The system often crashes, and there is still an issue of platform stability.
Users also need to invest time to master the skills required to work in a virtual world
(Dawley and Chris 2014; Liou 2012). Taking into account these drawbacks (Cooke-
Plagwitz 2008) argue that there is great potential for integrating SL to promote
authentic target language learning and simulating real-world language immersion
when the use of SL is planned and constructed within the language curricula (Chen
2016).

Despite the technological challenges, virtual worlds are being integrated into
education (Jarmon 2010). In the near future we will see improved graphics and
animations as well as more usage of appliances to make the experience more real.
Virtual worlds offer a way of involving andmotivating the pupils because they can be
learner centred enabling the student to take part in the building process, the gaming
the collaborative and the social elements.
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Chapter 5
The CHI of Teaching Online: Blurring
the Lines Between User Interfaces
and Learner Interfaces

David Joyner

Abstract The growing prevalence of online education has led to an increase in user
interface design for educational contexts, and especially an increase in user interfaces
that serve a central role in the learning process. While much of this is straightforward
user interface design, there are places where the line between interface design and
learning design blur in significant ways. In this analysis, we perform a case study on
a graduate-level human-computer interaction class delivered as part of an accredited
online program. To evaluate the class, we borrow design principles from the HCI
literature and examine how the class’s design implements usability principles like
equity, flexibility, and consistency. Through this, we illustrate the unique intersection
of interface design and learning design, with an emphasis on decisions that are not
clearly in one design area or the other. Finally, we provide a brief evaluation of the
class to endorse the class’s value for such an analysis.

5.1 Introduction

The rising role of technology in education has led to a blurring of the lines between
user interface design and learning design. The requirements of teachers, students,
administrators, and parents dictates elements of the design of user interfaces used in
educational contexts, but the design of those interfaces in turn fundamentally alters
the learning process. At times, specific design decisions or elements of instruction
cannot solely be attributed to learning design or user interface design.

This trend has existed for decades, from classic interfaces for correspondence
learning to more modern learning management systems, but it has taken on a new
significance with the advent of entirely online learning environments. While in some
ways these learning environments are a natural evolution of these prior interfaces,
the fundamental change that has occurred is the placement of the user interface as
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the core of the class experience. Rather than complementing traditional classroom
experiences with learning management systems or in-classroom technologies, these
online learning environments are the classroom.

As a result, for perhaps the first time, the classroom itself is a user interface.
This can be taken very literally, as with synchronous virtual classroom environments
(Koppelman and Vranken 2008; Martin et al. 2012; McBrien et al. 2009), or it can
be taken more figuratively, where user interfaces can serve the same functional roles
as traditional classrooms while eschewing the typical requirements of synchronicity
and telepresence (Hiltz and Wellman 1997; Joyner et al. 2016; Swan et al. 2000).
These latter classrooms are particularly notable because the interface changes the
interaction more fundamentally; whereas synchronous virtual classrooms may aim
to recreate in-person interactions as completely as possible, asynchronous learning
environments must use these computational interfaces to create the same effects
through different mechanisms. Significant work has been devoted to investigating
how these interfaces may replicate components of traditional learning environments,
such as peer-to-peer learning (Boud et al. 2014), peer assessment (Kulkarni et al.
2015), social presence (Tu and McIsaac 2002), laboratory activities (O’Malley et al.
2015), and academic integrity (Li et al. 2015; Northcutt et al. 2016).

This trend toward interfaces as classrooms brings new emphasis to the intersection
between learning design and user interface design. The two are highly compatible:
principles like rapid feedback are comparably valued in user interface design (Nielsen
1995) and learning design (Chandler 2003; Kulkarni et al. 2015). However, it is also
important to understand the nature of desirable difficulties (Bjork 2013; McDaniel
and Butler 2011) within the material, as an interface designer may inadvertently
undermine the learning experience in pursuit of higher user satisfaction (Fishwick
2004; Norman 2013). For this reason, we must carefully prescribe principles and
guidelines for designing learning interfaces that emphasize when the roles of student
and user are compatible.

Thus, due to both the advent of fully online learning environments and the underly-
ing similarities betweenuser interface design and learningdesign, there is tremendous
opportunity to examine the user experience in learning systems from the perspectives
of both interface design and learning design. However, the different objectives of the
two design paradigms—one to support immediate interaction, the other to support
long-term learning gains—mean that the application of one paradigm’s heuristics
and guidelines to the other must be performed carefully. Toward this end, some work
has already been performed evaluating user interface design specifically within the
realm of digital learning environments (Cho et al. 2009; Jones and Farquhar 1997;
Najjar 1998), but relatively little work has been done on specifically the user interface
design of fully online learning environments.

In this analysis we perform a case study on a graduate-level class offered as part of
an online Master of Science in Computer Science program at a major public univer-
sity. Both the program and the class are delivered asynchronously and online, with no
requirement for synchronous activities or in-person attendance. While considerable
attention could be paid to evaluating the specific user interfaces that deliver the pro-
gram, this case study instead focuses on higher-level design decisions. Specifically,
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we are interested in transferring principles of human-computer interaction into the
realm of learning design, especially insofar as their application is facilitated by the
online nature of the program.

To do this, we first provide some necessary background on the nature and structure
of the program and this class, and then move through four prominent principles
from the human-computer interaction literature: flexibility, equity, consistency, and
distributed cognition. For each topic, we examine how it transfers into this online
learning environment as a principle of both interface design and learning design. We
also look at a smaller number of additional principles with narrower applications in
this course, and then evaluate the course based on student surveys.

5.2 Background

While this case study focuses specifically on a single class, that class exists in the
context of a broader online Master of Science program at a major public university
in the United States. Several of the principles we observe in this class are actually
derived from the broader principles of the program, especially as it relates to equity.
Thus, we begin by giving a brief background on the program, and then focus more
specifically on the course under evaluation in this case study.

5.2.1 Program Background

The course under evaluation in this case study is part of an onlineMaster of Science in
Computer Science program launched by amajor public university in theUnited States
in 2014. The program merges recent MOOC-based initiatives with more classical
principles and approaches to distance learning.Thegoal is to create an online program
whose learning outcomes and student experience are equivalent or comparable to
the in-person experience; as such, the program carries equal accreditation to the
traditional on-campus degree.

In drawing inspiration fromMOOCinitiatives over the past several years, however,
the program emphasizes low cost and high flexibility. On the cost side, the cost of
attendance is $170 per credit hour plus $200 in fees per semester of attendance. Thirty
credit hours are required to graduate, and thus, the total degree costs between $6100
and $7100, a small fraction of comparable programs or the university’s own on-
campus program. These costs are digestible because each class draws dramatically
higher enrolment than their on-campus counterparts: as of Spring 2018, the program
enrolls over 6,500 total students taking an average of 1.4 classes per semester, with
individual courses enrolling as many as 600 students.

On the flexibility side, the program emphasizes that it requires no synchronous
or collocated activities: students are never required to attend a virtual lecture at a
specific time or visit campus, a testing center, or a remote lab for a course activity.
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Proctored and timed exams are typically open for three to four days at a time, while
lecture material is pre-produced and assignments are published well in advance of
the due date.

The program thus captures an audience forwhomaMaster of Science inComputer
Science is otherwise inaccessible, either due to high costs, geographic immobility, or
scheduling constraints. Evaluations have shown that as a result, the program draws
a dramatically different demographic of student from the university’s on-campus
program: online students tend to be older, are more likely to be employed, have
more significant prior education and professional experience, and are more likely
to be from the United States (Goel and Joyner 2016; Joyner 2017). The program is
forecast to increase the annual output of MSCS graduates in the United States by 8%
(Goodman et al. 2016).

5.2.2 Course Background

This case study focuses on one specific course in this broader program. Fitting this
analysis’s contribution, the course is on human-computer interaction, and covers HCI
principles, the design life cycle, and modern applications such as virtual reality and
wearable computing. At time of writing, the course has been offered four complete
times, including three 17-week full semesters and one 12-week summer semester.

Eachweek, students watch a series of custom-produced lecture videos, complete a
written assignment, and participate in peer review and forum discussions. Participa-
tion is mandated by the course’s grading policy, but students have multiple pathways
to earning participation credit to fit their personalities and routines. Students also
complete two projects—one individual, one group—and take two timed, proctored,
open-book, open-note multiple choice exams. Proctoring is supplied by a digital
proctoring solution, allowing students to take the exam on their own computer.

Aside from the exams, all work is manually graded by human teaching assistants.
One teaching assistant is hired for approximately every 40 enrollees in the course, and
teaching assistants are solely responsible for grading assignments: course administra-
tion, announcements, Q&A, office hours, etc. are all handled by the course instructor.

The course generally enrolls 200–250 students per semester, supported by 5–6
teaching assistants. Its completion rate is 92%, ranking slightly higher than the pro-
gram’s overall average of approximately 85%. To date, 708 students have completed
the course across four semesters, with 205 more on track to complete the course this
semester.

To explore the crossover between interface design principles and learning design,
we take four common design principles or theories from the HCI literature—flexibil-
ity, equity, consistency, and distributed cognition—and examine their applications
to the design of this online course. In some ways, these principles are applied by
analogy: flexibility, for example, traditionally refers to flexible interactions with a
specific interface, but in our case, refers to flexible interactions with course mate-
rial. In others, the application is more literal: equity, for example, refers in part to
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accommodating individuals with disabilities, which is more directly supported by
the course and program structure.

5.3 Flexibility

For flexibility, we apply the Principle of Flexibility from Story, Mueller and Mace’s
Principles of Universal Design, which they define as, “The design accommodates
a wide range of individual preferences and abilities” (Story et al. 1998). We also
inject the heuristic of Flexibility and Efficiency of Use from Jakob Nielsen’s ten
heuristics, where he writes, “Allow users to tailor frequent actions” (Nielsen 1995).
The flexibility of the course generally flows from the inherent properties of the
online program, although the course design takes care to preserve and accentuate
this flexibility. Most importantly, these applications of the principle of flexibility
support the subsequent applications of the principle of equity.

5.3.1 Geographic Flexibility

Geographic flexibility refers to the online program’s ability to accept students regard-
less of their geographic location. At a trivial level, this relates to the program’s ability
to accept students who do not live within range of campus. As it pertains to flexibil-
ity as a usability guideline, however, this flexibility relates more to accommodating
individual preferences for where they complete their work. This relates in part to
individual circumstantial constraints, such as the need for working professionals to
be able to take course material with them during work trips. It has more significant
implications, however, especially as flexibility ties into equity: for example, indi-
viduals with disabilities that deter them from leaving the house may participate in
a program that offers true geographic flexibility. In a computer science program,
several of the abilities required for in-person attendance (e.g. walking, driving to
campus, relocating to campus) are largely unrelated to the material itself, and thus
this geographic flexibility resolves individual characteristics that pose threats to a
student’s participation in the field that are unrelated to the content.

It is worth noting that geographic flexibility is inherent in distance learning as a
whole; this class’s instantiation of geographic flexibility is not unique except insofar
as an identically-accredited distance learning program at a major public institution
is still somewhat novel.
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Table 5.1 Enrollment and number of instructor and student forum contributions by semester

Statistic Fall 2016 Spring 2017 Summer 2017 Fall 2017

Enrollment 83 231 183 211

Student contributions 3,477 9,147 7,970 9,381

Instructor contributions 785 1,768 1,143 1,265

5.3.2 Temporal Flexibility

Temporal flexibility refers to flexibility of the student’s time, allowing them to work
on the class not only wherever they want, but whenever they want. Temporal flexibil-
ity offers a greater difference between this program and traditional distance learning
as the presence of live interaction has typically differentiated distance learning from
correspondence learning. Given the program’s goals of equality with the on-campus
program, however, simplifying delivery to correspondence educationwould be insuf-
ficient; requiring live interaction, however, would challenge temporal flexibility.

The class achieves balances these competing needs by maximizing the usage of
asynchronous communication tools in course delivery. Most course forums garner
over ten thousand posts per semester, with approximately 80% coming from students
and 20% coming from the instructor. Table 5.1 shows the class’s enrollment and
contribution statistics by semester. In addition to forum participation, the class also
leverages asynchronous tools for peer review and instructor feedback, as well as an
asynchronous video-based method for disseminating pre-recorded custom-produced
lecture videos.

This temporal flexibility refers strictly to those activities that are typically syn-
chronous in traditional course delivery. Other activities, such as completing home-
work, are usually somewhat asynchronous. As a result, the design of this course
accommodates individual students with a wide range of preferences or constraints
on when they work on course material. We will discuss the impacts of this more in
the section below on equity.

5.3.3 Preference Flexibility

The geographic and temporal flexibility described above give way to an abundance
of flexible accommodations for individual students’ preferences and abilities. For
example, as a product of being able to watch and re-watch lectures at any pace and
in any setting, students may choose to watch lectures while actively working on the
assignment they target; to attempt an assignment prior to watching the lecture videos
in order to pre-load questions to consider while watching; or to only watch the videos
as needed knowing that lecture material cannot be permanently missed the way a
single in-person class may be missed.
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For this course, flexibility is extended through the course’s participation policy as
well. It is common for online courses to attempt to capture in-person participation
by requiring forum participation, but most research instead focuses on incentivizing
or encouraging it more authentically [e.g. Kizilcec et al. (2014)]. There are multi-
ple reasons to focus on more organic discussion stimulation, not least among them
that requiring such participation does not address recognized gender issues in forum
communication (Freeman and Bamford 2004). To accommodate a greater range of
student preferences, this course instead offers multiple routes to earning participa-
tion credit: students may contribute to the forums, complete peer reviews of their
classmates’ work, give instructors feedback on the course, or participate in their
classmates’ need finding or evaluation studies as part of their coursework. These dif-
ferent activities fit with different student preferences and behaviors; for instance, it is
easier to set aside a block of time for peer reviews, whereas it is easier to participate
in a course forum in several short moments of time.

5.4 Equity

In defining equity as a design principle, we borrow in particular the Principle of
Equitable Use from Story, Mueller, and Mace, which they define as “The design
is useful and marketable to people with diverse abilities” (Story et al. 1998). In
particularly, we note the sub-guidelines, “Provide the same means of use for all
users: identical whenever possible, equivalent when not” and “Avoid segregating or
stigmatizing any users” (Story et al. 1998).

Our application of equity begins with the natural consequences of the flexibility
described above; flexibility focuses on what students within the program can do,
but equity focuses on what students can participate due to that flexibility. We then
examine equity as well as facilitated by the program’s admissions structure and
pseudo-anonymity in course delivery.

5.4.1 Equity Through Flexibility

In many ways, the greatest advantage of the geographic and temporal flexibility
referenced above is not in the experience of students in the program, but rather
in what students may enter the program in the first place. A traditional graduate
program draws from a very narrow population: individuals (a) who either live near
the university or have the financial or lifestyle flexibility to relocate, and (b) have
the scheduling flexibility to attend classes during the day or pre-selected evenings.
Financial flexibility plays into this as well: a traditional graduate program is only
available to thosewho have or can secure (through loans or employer reimbursement)
the funds to pay high tuition rates.



88 D. Joyner

Because this program is available to students regardless of location or specific
scheduling availability, it is equally available to students who otherwise would lack
the ability to participate in such a program. The requirements are distilled down to
only those that are inherently required for the content: a significant time commitment
(albeit flexible to the student’s own schedule) and sufficient prior background. The
cost supports this equity as well: while still expensive, the program does not demand
access to an exorbitant amount of funds. As noted previously, these factors directly
correspond to the unique demographics the program draws (Goel and Joyner 2016;
Joyner 2017).

It is worth noting that this audience is not one for which we might stress equity:
students entering the program must have a bachelor’s in computer science or a simi-
lar field with a strong GPA (or equivalent work experience); these criteria generally
mean the students are advantaged in the first place. Thus, one takeaway of this pro-
gram’s application of the principle of equity comes instead in how similar models
may be extended to otherwise-disadvantaged populations. However, another appli-
cation comes in expanding the view of the program’s audience from geographically
dispersed mid-career working professionals and considering also individuals with
chronic illnesses, caretakers for others with illnesses, expecting parents, and others
for whom obstacles to participation exist.

5.4.2 Equity Through Admissions

One component discussed above is the program’s size: at 6,500 students, it is believed
to be the largest program of its kind in the world (Goodman et al. 2016; Joyner 2018).
While this is often discussed as part of counterbalancing the low tuition rate, it has
a profound effect on equity as well. While the program’s on-campus analogue sets
a minimum bar for acceptance, it draws far more qualified applicants than it has
capacity to handle. As a result, the top few percent are admitted, leaving out many
students whomeet the minimum requirements but are not competitive with the most-
decorated applicants.

As the online program lacks a set capacity, however, any student who meets the
minimum requirements is admitted. This expands access to students who otherwise
would be uncompetitive, typically due to a more meager prior background. These
students meet the minimum requirements and stand a strong chance of succeeding,
but theywouldnot be in the toppercentile of applicants typically accepted to a limited-
capacity program. Thus, the limitless capacity supports the principle of equity by
accepting students with the potential to succeed who may not otherwise have the
opportunity.
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5.4.3 Equity Through Anonymity

A classic internet aphorism states, “On the internet, no one knows you’re a dog.”
In some ways, the principle applies to this program: although students are identified
by name and work is tied to their real identity (unlike MOOCs, where a username
may supplant a true name), students have considerable control over what portions
of their identity they reveal to classmates and instructors. To classmates, students
have the option to reveal essentially no personal information: they may select the
name that is shown in discussion posts and peer review, which typically are the
only communications inherently surfaced to classmates. Even to instructors, students
reveal little about their personal selves.

While a systematic study of this dynamic is still in the works, we have anecdotally
observed several applications. At a broad level, it is known that there are issues with
perceived identitymismatches betweengender or race and computer science (Whitley
1997), and that merely being reminded of such stereotypes can lessen performance
and engagement (Good et al. 2003). Signifiers of these stereotypes are inherently
present in traditional classrooms, but online lack any inherent need to be disclosed.
It is worth considering whether hiding these signifiers is a missed opportunity in
the long run, but it nonetheless presents a path around stereotype threats worth
considering.

Other applications of this anonymity are even more delicate, demanding caution
in conducting more rigorous studies, but they nonetheless reveal enormous potential
for equity through the relative anonymity of the online delivery mechanism. Students
have on multiple occasions confided in trusted instructors or teaching assistants the
presence of mitigating issues that alter their in-person interactions, including phys-
ical disabilities or deformities, obesity, speech impediments, transgenderism, and
behavioural disorders. The online environment removes these as a first impression
among classmates andwith instructors, creating an equity of experience among those
populations least likely to find it in person.

5.5 Consistency

As a design principle, consistency appears across multiple sets of guidelines and
heuristics. We apply the definitions from three different such sets. First, Norman
states (Norman 2013),

Consistency in design is virtuous. It means that lessons learned with one system transfer
readily to others … If a new way of doing things is only slightly better than the old, it is
better to be consistent.

Nielsen prescribes a similar heuristic, stating, “Users should not have to wonder
whether different words, situations, or actions mean the same thing. Follow platform
conventions” (Nielsen 1995). Constantine and Lockwood echo these sentiments as
well with their Reuse Principle, stating (Constantine and Lockwood 1999),
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The design should reuse internal and external components and behaviors, maintaining con-
sistency with purpose rather than merely arbitrary consistency, thus reducing the need for
users to rethink and remember.

With regard to this case study, we consider especially consistency within the
class: just as consistency is used to set expectations among users of the outcomes of
different interactions, so also consistency is used to set expectations among students
of certain responsibilities or deliverables. Efforts are underway as well to extend
consistency across courses, especially as they relate to administrative elements of
course delivery.

5.5.1 Assignment Cadence

Early on, we observed that in delivering an asynchronous class, a forcing function
for students’ regular engagement was lost. On campus, that engagement came from
lectures: even if assessments were only due every month, students were still incen-
tivized to remain engaged by the fleeting lectures which could not be recovered once
lost. In this online design, all lecture material is persistently available: what, then, is
there to motivate students to remain engaged long before assessments are due?

Our approach to this is to manually recreate that cadence of a weekly engagement
through weekly deliverables. The class requires student submissions every week of
the semester, each ofwhich directly corresponds to the recommended lecturematerial
for the week. Flexibility (and its effect on equity) are preserved in that lectures and
assignment descriptions are all provided at the start of the semester, so students
who need to work around other constraints may do so by working ahead; regular
deadlines, however, force the majority of students to remain engaged with the course
on a weekly basis. Just as through the principle of consistency in interface design a
user can interact with a new interface and understand the outcomes of their actions,
so also a student can enter a new week of the course and understand the expectations
without re-reading the calendar.

5.5.2 Announcement Cadence

Just as in-person lectures serve as a forcing function for continued student engage-
ment, we also observed that they serve as a hub for course communication. A natural
expectation arises (even if only in the minds of instructors) that weekly lectures will
set expectations for the week or recap the week. The loss of this dynamic risks a class
becoming a single amorphous semester rather than a regimented curriculum, espe-
cially with students’ tendencies to do work at non-traditional times [e.g. weekends
(Joyner 2017)].
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To combat this, the course leverages consistent weekly announcements, sent to
students everyMondaymorning andFriday evening.Monday announcements remind
students what they are expected to watch, read, and do for the week, while Friday
announcements typically recap significant occurrences or reemphasize key points
from the week’s material. These announcements aim to further emphasize that class-
room cadence, replicating the effect of a teacher walking in on Monday morning
and beginning lecture. As an application of consistency, this replicates common
interaction designs such as weekly reports or digests of activity, acting as consistent
reminders that the course is ongoing.

The announcement cadence plays a more significant role as well with regard to
the course’s emphasis on distributed cognition, explained further in the next section.
Either way, these weekly announcements are the single most well-praised element
of the course’s delivery, and have been incorporated into recommendations issued to
all classes in the program.

5.5.3 Administrative Decisions

As amore literal application of the principle of consistency, the course makes several
administrative decisions to create consistent expectations among students regarding
more trivial elements of the course experience. The course’s smallest unit of time is
one week: there are no in-week deadlines (excepting a small incentive for early peer
review discussed later). Sunday night at 11:59 PMUTC-12 (anywhere on earth) time
marks the end of each week; all of the week’s work is due at this time, and oneminute
later marks the start of the next week. Anywhere on Earth time is chosen to simplify
planning for students: if it is before midnight their local time, the assignment is not
due. We encourage students to submit by their own midnight for simplicity, although
our experience is that students maximize the time available, and submissions role in
late in the evening on Sunday nights.

Fewcourse components are time-gated (exams, periodic course surveys), but those
that are open at 12:00 AM UTC-12 on Mondays, closing at the typical deadline as
well. Thus, students do not devote cognitive resources each day to considering what
is required; only on Sundays are students required to ensure they have accomplished
the week’s deliverables. As a principle of consistency, this process similarly aims to
diminish students’ reliance on repeated manual checks and increase the time allotted
to focus on the course material and assessments.

Interestingly, we have attempted to leverage the principle of consistency in other
ways, such as scheduling the aforementioned announcements to go out at the exact
start of the week. Feedback we have received from students, however, indicates this
is actually somewhat counterproductive as it diminishes the personal feel of these
announcements: students feel more connected to the class knowing the instructor
was physically present to send the announcement, even if it is delayed. This suggests
this principle is best applied to items around which students plan, such as deadlines
and release dates, rather than every element of the course delivery. It may also be



92 D. Joyner

the case that students are patient with late announcements because expectations of
consistency and fairness are set in these other ways.

5.6 Distributed Cognition

Where the previous four design principles were stated with some clarity in a well-
known prescriptive set of guidelines, distributed cognition is a more general theory
throughwhichwemay examine human-computer interfaces (Hollan et al. 2000). Key
to this idea is the notion that human cognitive tasks like reasoning, remembering,
and acting could be offloaded onto a computer interface to lighten the cognitive load
on the user. As applied to education, this suggests using an interface to lessen the
attention paid by students to course administration to support greater attention to
course content.

5.6.1 Offloading Through Announcements

As referenced above, in addition to creating consistent expectations, a major func-
tion of regular announcements is to offload the attention students may otherwise
spend thinking about course procedures, assignment deadlines, and so on onto the
interface, allowing them instead to focus on the course material. This role of these
announcements comes from an early observation from students: whereas traditional
in-person courses operate on a “push” structure, online courses emphasize a “pull”
structure. These terms, derived from principles of HCI as well, mean that students in
a traditional class can usually rely on the instructor to push information to them, such
as by standing in front of a lecture hall and giving announcements. Online classes
usually operate by making all information available to the students, but that relies on
students pulling the right information at the right time.

Weekly announcements approximate that in-person dynamic by pushing imme-
diately pertinent information to students. Students thus do not need to trust that
they have pulled all critical information at the right time; absent this trust, students
devote significant cognitive resources to attending to the class’s administration,which
diminishes the resources that may be devoted to learning the actual course material.
As noted above, this is a small feature, but it is one of the most well-praised fea-
tures in the program; student reviews on a public student-run review site praise this
repeatedly, and other pieces of negative feedback could be similarly addressed by
offloading these roles onto the interface.
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5.6.2 Offloading Through Documentation

A second application of distributed cognition to the course design leverages the
student community more heavily. As referenced previously, the online environment
makes heavy use of the course forum, but it takes on a unique role in the online
course: it is the classroom, but it is a classroom where any student can contribute at
any time (Joyner et al. 2016). Student answers to classmates’ questions are not often
emphasized in traditional lectures where students inherently pose questions to the
professor, but the online board affords student-to-student discussion more fully.

This provides an answer to another implicit question in course design: what infor-
mation should be incorporated into the course’s fundamental documentation, and
what should be pushed to students through announcements and discussions? This
course errs heavily on the side of the documentation specifically because it lever-
ages this student community: the community as a whole can come to a common
understanding of the course’s administration and policies because the entire doc-
umentation is available to everyone. Any single student likely will not read all the
documentation, but enough students will read each part that if a student has a question
that is covered in the documentation, some classmate will have the answer. Thus,
knowledge of the course is distributed among the student body rather than solely
relying on the communication of the instructor.

5.6.3 Offloading Through Assessment Design

Finally, the course deliberately designs assessments to encourage students to leverage
distributed cognition.While this is natural in essays and projects where course access
is persistent during work, the course tests are also designed to be open to any non-
collaborative information seeking. These open-book, open-note, open-video, open-
forum tests are created with the knowledge that students will have access to course
resources, and thus should focus less on the knowledge they are able to draw to mind
immediately and more on their ability to solve questions quickly with the available
resources.

Students are informed of this paradigm in advance of the exams, and encouraged to
organize their test-taking environment accordingly. Ready access to course material,
their notes, the readings, and even the course’s discussions are encouraged. These
tests emphasize that it is the system comprised of the student, their resources, and
their environment that is being assessed on the test rather than just their cognition.
Distributed cognition is thus simultaneously a lesson in the course, a principle for
students to apply to the course, and a theory for us to apply in evaluating the course.
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5.7 Additional Principles

Additional principles are at play in the course as well, althoughwe generally note that
many of these principles apply equally well to traditional courses using modern-day
learning management systems. Nonetheless, they are worth including as they further
broaden the view of how interface design principles may be applied to learning
design.

5.7.1 Structure

With regards to structure as a principle of design, we leverage the principle defined by
Constantine and Lockwood (1999). In many ways, our applications of structure are
not inherently restricted to online environments; however, we observe that specific
details of the online environment more clearly afford visible structure. We observe,
for example, that organizing lecture material into pre-produced videos allows the
presentation of it in a way that brings out the underlying structure of the content
rather than forcing it into a prescribed lecture schedule. This, then, allows students
to construct their consumption of course material around the actual structure of the
content.

This similarly connects to the structure of a course calendar offered to students:
without requirements that a pre-set amount of time be spent in certain weeks in
lecture, the structure of the course can be more deliberately designed not only for
the content, but also for the assessments. Other classes in the program, for example,
implicitly require students to “attend” ten hours of lecture in the early weeks of the
class, then shift to a strict project-based mode in the later weeks. Such a structure
would not be possible in a traditional system of prescribed lecture times.

5.7.2 Perceptibility

On perceptibility, Nielsen writes, “The system should always keep users informed
about what is going on, through appropriate feedback within reasonable time”
(Nielsen 1995). An education application of this heuristic has emerged as a some-
what natural consequence of the advent of learning management students: students
retain persistent access to the gradebook for immediate perceptibility of their current
status in the class. Although Nielsen focuses on this as a pushing relationship where
relevant information is pushed to the user, this availability instead facilitates a pulling
behavior allowing the student to pull information when pertinent to them.

We have seen this principle emphasized more heavily in other courses, especially
those reliant more on automated evaluations. An online CS1 course offered by the
same university provides automated evaluators for every course problem, all ofwhich
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feed an immediately-available gradebook (Joyner 2018). This even more dramati-
cally the perceptibility of what is going on with a student’s grade, and while this
is compatible with traditional classes, it takes on a new emphasis when the entire
experience is in an online environment based on immediately-perceptible feedback.

5.7.3 Tolerance

Regarding tolerance, thePrinciples ofUniversalDesign state that a gooddesign “min-
imizes hazards and the adverse consequences of accidental or unintended actions”
(Story et al. 1998). In education, the level of tolerance for content-specific answers
is often dictated by the field rather than by the learning design. However, interface
design and learning design can merge to create a tolerance for mistakes more related
to administration and policies instead of content errors. In this course’s learning
management systems, it is possible to separate an assignment deadline (shown to
the students) and an assignment close date (hidden from the students); this course
uses these features to set a two-hour grace window after the official deadline where
submissions are still accepted. This creates a tolerance for minor errors, such as
incorrectly converting the UTC-12 time zone to one’s local time zone or underes-
timating the time it will take to move through the submission screens to upload an
assignment.

This course also builds tolerance for late work into its process for rapidly eval-
uating assignments. After an assignment’s close date, a gradebook is exported with
individual students assigned to individual grades. In the event that a student submits
work even later than the grace period allowed by the learning management system,
the course staff may quickly attach the submission to the row; if the grader has not
yet completed their tasks, then accepting the late submission costs the grading team
no time compared to if it had been submitted on time. While others address this
with a strict grading policy, the size of the class means that a non-trivial number of
assignments will have earnest reasons for late submission, and so the course builds
tolerance into the grading workflow design.

5.7.4 Feedback

Regarding the common need for feedback, Norman writes (Norman 2013),

Feedback must be immediate. … Feedback must also be informative. … Poor feedback can
be worse than no feedback at all, because it is distracting, uninformative, and in many cases
irritating and anxiety-provoking

Among all usability principles, the principle of feedback is likely the most eas-
ily transferrable between interface and learning design. Feedback holds the same
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meaning in both domains, providing actionable information on the outcome and
correctness of an action.

As it relates to online course design, we see in this course two interesting applica-
tions where the course facilitates more rapid feedback. First, the scale of the course
dictates heavy organization; the gradingworkflow described above follows almost an
assembly line approach, where assignments are automatically distributed to graders,
rubrics are formalized, and results are processed in batch. Research on the program
shows that a significant amount of attention in the learning design process goes into
exactly these grading workflows (Joyner 2018), and the result is a more rapid return
rate than seen on campus due to the benefits of scale.

A second component comes from the course’s method for implementing peer
review. Students complete peer reviews as part of their participation grade, but as
rapid feedback ismore desirable, students are explicitly incentivized to complete peer
reviews early. This is the only place in the course where a mid-week semi-deadline
exists: students receive 50% more credit (1.5 points) for a peer review submitted
within three days of its assignment’s deadline, and 50% less credit (0.5 points) for a
review submittedmore than aweek after the deadline.With each assignment reviewed
by 3–4 classmates, this raises the likelihood that feedback will arrive rapidly; in the
most recent semester, 58% of all peer reviews were submitted within 3 days, and
69% within one week.

5.8 Course Evaluation

Course evaluation has been the topic of considerable discussion in the learning sci-
ences literature. Attempts have been made to create explicit evaluators of course or
teaching quality (Biggs andCollis 2014; Ramsden 1991), but these often require stan-
dardized tests or high-effort qualitative analyses. In place of these, student reviews are
often used as a low-cost approximation of course quality. While some early research
found these types of surveys are decently correlated of learning outcomes (Cohen
1981), more recent research casts doubt on this correlation (Greenwald 1997; Uttl
et al. 2017), suggesting student reviews are too biased especially by gender differ-
ences to be useful for comparisons (Andersen and Miller 1997; Centra and Gaubatz
2000).

In this analysis, we nonetheless use student reviews to add to the overall picture
of the class in this case study. We acknowledge the weaknesses of student reviews as
comparative tools, but note that (a) we are not using these student reviews to compare
against another class, but rather merely to attest that the class is generally well-
received by students, and (b) while most research on the validity of student reviews
has been performed at theK-12 or undergraduate level, these reviews are submitted by
graduate students who are alsomid-career professionals, and thuswe hypothesize are
more valid assessors of course quality. Anecdotally, several professors in the program
agree to the observation that online students appear to have far higher standards than
their traditional counterparts.
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These student surveys come from two sources: first, the institute issues a Course
Instructor Opinion Survey open to every student in every class. Student identifies are
strictly hidden in these surveys, and the results are known to inform institute-level
evaluations of teaching. Second, the course itself issues an end-of-course survey
asking questions more specific to its own unique details.

5.8.1 Institutional Surveys

At time of writing, the course from this case study has been offered four times:
Fall 2016, Spring 2016, Summer 2016, and Fall 2017. At the end of each of these
semesters, students were offered the opportunity to complete the institute’s Course
Instructor Opinion Survey for the course. The questions on this survey are dictated
by the institute, and although no explicit incentive exists for students to participate,
students are nonetheless highly encouraged to do so by the school and instructor.

All questions on this survey offer 5-point Likert-scale responses. Table 5.2 pro-
vides the interpolated medians to each of these prompts.

Based on these results, we make two notable observations. First, the ratings of
course effectiveness and quantity learned have not changed semester to semester.
This is notable because the course has undergone significant revisions semester to
semester, suggesting that either these revisions do not affect the student experience
(or the effect is too small for detection), or that students are unable to evaluate the
effect of these changes absent a target for comparison. In particular, Fall 2017 added
a significant reading component to the course requiring an additional 1–2 h per week
of reading. With this change, 61.7% of the Fall 2017 class estimated they put 9 or
more hours per week into the course, which is statistically significantly different from
the percent reporting 9 or more hours in Spring 2017 (43.6%,X2 �9.193, p=0.0024)
or Fall 2016 (51.5%, X2 �5.322, p=0.0211).1 Despite this, student assessments of
the amount of material learned did not change.

Secondly, these reviews suggest that the design decisions described herein are at
least somewhat effective in supporting the student experience as students specifically
comment positively on criteria that typically are considered lacking in online courses.
Most notably, whereas online instructors are often considered detached or uninvolved
(DeGagne andWalters 2009), students in this class specifically reflected positively on
the instructor’s enthusiasm (4.96/5.00), respect (4.96/5.00), availability (4.90/5.00),
and ability to simulate interest (4.89/5.00). We hypothesize this is due in part to
the singular ownership over course announcements, documentation, and scheduling
attributed to the instructor, in line with existing research on the effectiveness of
immediacy behaviors (Arbaugh 2001).

1Summer 2017 is excluded from this comparison as the semester is shorter and more work is
deliberately expected per week.
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Table 5.2 Interpolated medians of student responses to eight prompts on the institute-run end-of-
course opinion surveys

Prompt Fall 2016 Spring 2017 Summer 2017 Fall 2017

Response rate (%) 83 69 70 61

How much would you say
you learned in this course?a

4.53 4.45 4.41 4.45

Considering everything, this
was an effective courseb

4.82 4.74 4.85 4.80

The instructor clearly
communicated what it would
take to succeed in this
coursea

4.89 4.89 4.93 4.90

Instructors respect and
concern for studentsc

4.95 4.96 4.96 4.94

Instructors level of
enthusiasm about teaching
the coursed

4.95 4.97 4.97 4.95

Instructors ability to simulate
my interest in the subject
mattere

4.90 4.86 4.89 4.89

Instructors availability for
consultationf

4.88 4.89 4.93 4.87

Considering everything, the
instructor was an effective
teachera

4.92 4.95 4.94 4.93

aFrom 5—Exceptional amount to 1—Almost nothing
bFrom 5—Strongly agree to 1—Strongly disagree
cFrom 5—Exceptional to 1—Very poor
dFrom 5—Extremely enthusiastic to 1—Detached
eFrom 5—Made me eager to 1—Ruined interest
fFrom 5—Highly accessible to 1—Hard to find

5.8.2 Course Surveys

While the institute-wide course surveys give some useful information, they are a bit
constrained by the need to apply universally to all courses. To supplement these,
the course offers its own end-of-semester survey asking questions more specifically
targeted to the design and structure of the course itself. Table 5.3 provides these
results.

As with the institute-level survey, the course-level survey provides some inter-
esting insights. First, the numbers across most categories do not change semester to
semester. This is notable not only because of changes made to the course as time goes
on, but also because of semester-specific factors. Fall 2016, for example, was the first
semester of the course, and students popularly consider the first semester a “trial run”;
anecdotally, many students specifically avoid first-semester classes knowing the sec-
ond run will be smoother, while other students deliberately take new classes because
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Table 5.3 Interpolated medians of student responses to eleven prompts on the course-run end-of-
semester opinion survey

Prompt Fall 2016 Spring 2017 Summer 2017 Fall 2017

Response rate (%) 63 65 83 52

“The lectures were
informative and easy to
understand”a

6.71 6.60 6.56 6.66

“The exercises during the
lectures kept me engaged”a

5.95 5.74 5.80 5.85

“The video lessons were
valuable in helping me
learn”a

6.78 6.56 6.59 6.67

“[The forum] improved my
experience in this class”a

5.90 5.42 5.56 5.45

“The [peer review] system
improved my experience in
this class”a

5.29 5.51 5.46 4.92

Jump around in the lessons
instead of watching in orderb

1.82 1.84 1.91 2.13

Fall behind the
recommended schedule in
the syllabusb

2.17 2.17 2.12 2.26

Watch ahead of the
recommended scheduleb

2.55 2.05 2.11 2.15

Re-watch an entire lessonb 3.02 2.73 2.71 2.93

Re-watch only a portion of a
lesson after having
previously finished a lessonb

3.72 3.74 3.49 3.41

Watch videos through an
appb

1.41 1.36 1.72 1.40

Download course videos for
offline viewingb

1.38 1.31 1.37 1.34

aAgree or disagree, from 7—Strongly agree to 1—Strongly disagree
bHow often, from 5—Always to 1—Never

they enjoy being early adopters. This may be visible in the data: students reported
slightly more re-watching and watch-ahead behaviors during the first semester. It is
unclear why peer review ratings are lower during Fall 2017.

Second and more significant to this analysis, however, is that we see a significant
incidence of behaviors corresponding to the claims regarding equity from earlier in
this analysis. Nearly all students report some re-watching behaviors with an inter-
polated median corresponding to 3 (“Occasionally”) for rewatching lectures in their
entirety and closer to 4 (“Frequently”) for rewatching only specific parts. While data
does not exist regarding why students engage in these behaviors, they are closely
aligned with potential supports for sensory or attentional deficits. Similarly, while



100 D. Joyner

behaviors related to watching ahead, falling behind, or taking lectures “on the go”
are rarer, a non-trivial portion of the class still reports leveraging these capabilities.
These correspond to the applications of flexibility discussed previously, allowing
students to integrate their course performance flexibly into their routine and sched-
ule. Anecdotally, students report these behaviors most commonly in working around
vacation or work schedules or integrating course participation into train commutes
or travel plans.

5.9 Conclusion

In this case study,wehave taken commonprinciples fromwell-renowned literature on
human-computer interact (Constantine and Lockwood 1999; Nielsen 1995; Norman
2013; Story et al. 1998) and applied it to the design of an entirely-online for-credit
graduate-level course in human-computer interaction. We find that whether by anal-
ogy or by direct application, many of these principles are strongly related to both the
goals and design of online education. Just as interface design aims to accommodate
flexibility with regard to user preferences, so also a major objective of online edu-
cation is to accommodate audiences for whom traditional education is too inflexible
to fit into their lifestyle. Just as interface design strives to accommodate all audi-
ences regardless of experience and personal factors, so also online education aims to
give access to anyone who may succeed at the course material. Just interface design
aims to shrink feedback cycles and emphasize attention to the underlying task, so
also learning design in online education aims to offload non-content tasks onto the
interface or leverage consistent expectations to minimize time spent thinking about
course administration. Most notably, there are places where the lines between learn-
ing design and interface design blur: instructors take certain actions in the interface
to implement the learning design, such as setting consistent deadlines to minimizes
cognitive load or pushing announcements to students to offload progress-tracking
onto the interface.
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Chapter 6
User Requirements When Designing
Learning e-Content: Interaction for All

Pilar Orero and Irene Tor-Carroggio

Abstract Learning is a fundamental Human Right and in the Information Soci-
ety learning has become an audiovisual experience. Audiovisual interactive learning
materials, virtual learning environments and platforms, and online applications are
the standard format where learning happens. Having access to this e-learning envi-
ronment and content is fundamental to fulfil the right to education, but also the
UN Convention on the Rights of Persons with Disabilities, which mentions “nothing
about us without us” leading to take into consideration persons with disabilities when
designing all learning elements. Therefore, accessibility has to be integrated in every
step of the design process to avoid costly and unsatisfactory ad hoc solutions. How to
contact end users and request their information and participation is an unavoidable
challenge. Questionnaires have been the traditional tool to enquire users about their
needs and preferences. Still, how to draft pertinent questionnaires to gather mean-
ingful information is not a straightforward activity, but one that varies with fashions
and schools of thought. For example, the Medical and the Social Models share equal
popularity to classify user disabilities. In this chapter we will depart from the fact
that access to education is a Human Right, and from the experience of designing
an accessible MOOC. The second part of the chapter will revise some of the most
used models of disability and we will explore a more holistic approach based on
user capabilities. This will allow researchers in Education to focus on the aspects
they can provide a solution to, instead of dealing with physiological tags that offer a
simplified view of reality.
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6.1 Introduction

Education is considered one of the most basic human rights. This can be read in
Article 26 of the Universal Declaration of Human Rights.1

“Everyonehas the right to education.Education shall be free, at least in the elemen-
tary and fundamental stages. Elementary education shall be compulsory. Technical
and professional education shall be made generally available and higher education
shall be equally accessible to all on the basis of merit. Education shall be directed to
the full development of the human personality and to the strengthening of respect for
human rights and fundamental freedoms. It shall promote understanding, tolerance
and friendship among all nations, racial or religious groups, and shall further the
activities of the United Nations for the maintenance of peace. Parents have a prior
right to choose the kind of education that shall be given to their children.”

The right to education is also mentioned in Articles 13 and 14 of the International
Covenant on Economic, Social and Cultural Rights.2 The right to education has
also been reaffirmed in the 1960 UNESCO Convention against Discrimination in
Education,3 the 1981 Convention on the Elimination of All Forms of Discrimination
Against Women (CEDAW),4 the 2006 Convention on the Rights of Persons with
Disabilities (CRPD),5 and the African Charter on Human and Peoples’ Rights.6

As early as 1952 in Europe, Article 2 of the first Protocol to the European Con-
vention on Human Rights7 states that the right to education is recognized as a human
right and is understood to establish an entitlement to education. This right encom-
passes also the obligation to eliminate discrimination at all levels of the educational
system, to set minimum standards, and to improve quality.

Universal legislation regarding education is in place, still the Internet and the
new Information Technology (IT) technologies have changed the field of education
in general, and learning in particular. Learning possibilities and approaches have
multiplied. The Internet has made possible new learning paradigms like Massive
Online Open Courses (MOOC) (Seale 2014). The need to have an inclusive approach
for learning is todaymore pertinent than ever to complywith all the above-mentioned
legislation from the area of Human Rights (Sánchez-Gordón and Luján-Mora 2014,
2016; Iniesto and Rodrigo 2016; Orero 2017).

Technology allows for automatic translation of content, for interaction in virtual
reality environments, and Artificial Intelligence (AI) will soon tailor our learning
interests, recommendations, and will produce bespoke assessments. Still, the human
factor is at the centre of all human learning activities and having the right of access

1See http://www.un.org/en/universal-declaration-human-rights/ [retrieved 14/03/2018].
2See https://treaties.un.org/Pages/showDetails.aspx?objid=080000028002b6ed [retrieved 14/03/2018].
3See https://goo.gl/9oipD5 [retrieved 14/03/2018].
4See http://www.un.org/womenwatch/daw/cedaw/cedaw.htm [retrieved 14/03/2018].
5See http://www.ohchr.org/EN/HRBodies/CRPD/Pages/CRPDIndex.aspx [retrieved 14/03/2018].
6See http://www.achpr.org/instruments/achpr/ [retrieved 14/03/2018].
7See https://rm.coe.int/168006377c [retrieved 14/03/2018].

http://www.un.org/en/universal-declaration-human-rights/
https://treaties.un.org/Pages/showDetails.aspx?objid=080000028002b6ed
https://goo.gl/9oipD5
http://www.un.org/womenwatch/daw/cedaw/cedaw.htm
http://www.ohchr.org/EN/HRBodies/CRPD/Pages/CRPDIndex.aspx
http://www.achpr.org/instruments/achpr/
https://rm.coe.int/168006377c
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to the e-ecosystem and its content is not yet a mainstreamed requirement when
designing content.

Since many learning environments are online, each browser has its own tools
allowing for alternative interaction. Much effort has been dedicated to design alter-
native interactive e-technology such as JAWS or Classroom Screen Reader,8 or the
many speech-to-text programmes, and even a Google Draw Braille.9 Regarding web
pages, the World Wide Web Consortium (W3C) launched the Web Accessibility
Initiative (WAI) as an effort to improve the accessibility of the World Wide Web
(WWW) for people with disabilities, and to fulfil the UN CRPD since people with
disabilities and the elderly require non-standard devices and browsers. The W3C
launched the Web Accessibility Initiative in 1997 and started working on the Web
Content Accessibility Guidelines (WCAG). They are a set of guidelines that specify
how to make content accessible, primarily for people with disabilities. The current
version, WCAG 2.0, was published in December 2008 and became an ISO standard,
ISO/IEC 40500:2012, in October 2012.10

While much effort has been made in the technical side of accessibility and
e-learning, little dedication has been made to address the interaction and accessi-
bility with the media learning content. Recently, the field of Media Accessibility was
established as a “set of theories, practices, services, technologies and instruments
providing access to audiovisual media content for people that cannot, or cannot
properly, access that content in its original form (Szarkowska et al. 2013; Greco
2016). It is now established how technology is basic for Media Accessibility, since
it determines the service, its production, distribution and reception, and it also has a
direct impact on the quality. At the other side of the spectrum, we find the user who
will be learning. The user, in a way, determines the technology to be used and also
how to access the learning content.

6.2 Accessible MOOC

Designing an accessible MOOC is a challenge (Iniesto et al. 2014; Seale 2014).
Accessibility requirements (Sánchez-Gordón and Luján-Mora 2016) should be met
from: platform services, user interface, learning content and resources, and learn-
ing assessment activities. While much literature focuses on the platform interaction
(Iniesto andRodrigo 2016) and user interface requirements (Ngubane-Mokiwa 2016)
little is dedicated to the content or assessments (Sánchez-Gordón and Luján-Mora
2014). This difference is probably due to the nature, field of knowledge, and format
of the learning content. It is not the same to access mathematical formulae or statis-
tics than to read a music score or follow any of these as a PowerPoint presentation
or a movie. Multiplicity of topics and formats defy unified solutions or guidelines

8See http://bit.ly/2D1sKA1 [retrieved 18/01/2018].
9See https://support.google.com/docs/answer/6057417 [retrieved 18/01/2018].
10See https://www.iso.org/standard/58625.html [retrieved 18/01/2018].

http://bit.ly/2D1sKA1
https://support.google.com/docs/answer/6057417
https://www.iso.org/standard/58625.html
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following a mainstreamed Universal Design approach (Ngubane-Mokiwa 2016).
Also, the multiple end user requirements should be taken into consideration, and
to this aim the first accessible MOOC on media accessibility was designed in 2015
for the EU funded project HBB4ALL.11 HBB4ALL MOOC had a double objective.
The content of the course teaches the many issues related to accessibility services
for media content: subtitling, audio description and Sign Language interpreting. The
course interaction is in itself a demo on how tomakeMOOCs content accessible. This
was a timely proposal since existing prestigiousMOOCs, such as those fromHarvard
University and MIT, have been sued for their lack of accessibility12 and Bohnsack
and Puhl (2014) showed how none of the largest platforms (Udacity, Coursera, edX,
OpenCourseWorld and Iversity) were accessible or allowed for accessible content
beyond sound transcription.

HBB4ALL MOOC took into consideration the following accessibility user
requirements:

• Visual media had to be accessible for persons with sight and low vision impair-
ments.

• Spoken dialogue had to be subtitled in the same language, for people with hearing
impairments.

• The module on Sign Language needed an interpretation into Sign Language, for
deaf users.

For this we prepared subtitles, audio description and Sign Language as the basic
services interaction access services. While subtitling is the most widespread service,
Sign Language interpretation is perhaps the most obvious. The reason is because it
takes a good share of the screen, and it presents two videos simultaneously challeng-
ing the challenging viewers with split attention (Fig. 6.1).

Fig. 6.1 Subtitles, PPT and Sign Language screen sharing student attention

11See http://accessguide.tv/course/ [retrieved 14/03/2018].
12See https://goo.gl/vqdjv6 [retrieved 14/03/2018].

http://accessguide.tv/course/
https://goo.gl/vqdjv6
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For the HBB4ALLMOOC the platform used was developed as part of the project,
and other user requirements, such asmultilanguage, while available in the technolog-
ical side, were not possible given the cost of translations. EMMA,13 the EU funded
multilanguage MOOC platform, allows for this, solving one of the biggest accessi-
bility issues, since in Europe the wealth of languages challenges the sharing learning
materials because of language specific content (Sánchez-Gordón and Luján-Mora
2015).

The personalisation of the MOOCs accessibility features was built with an online
platform called AccessGUIDE. It allows the personalisation of accessible online
video services on PCs and mobile platforms. This Software is a Service (SaaS) plat-
form that can be used by application developers to include personalized accessibility
features into their applications. It comes along with an online multilingual text-to-
speech function that can be used for screen reader and spoken subtitle functionality. It
supports the personalisation of the applications’ user interface, the subtitles in video
on demand applications as well as the text-to-speech service.

AccessGUIDE service supports accessibility features such as a screen reader func-
tionality (Fig. 6.2), customizable multilingual subtitles with the possibility of choos-
ing language, size and position (Fig. 6.3), spoken subtitles in different languages as
well as the possibility to switch between signed and unsigned video content (Fig. 6.4).

Fig. 6.2 Screen reader functionality

13See http://project.europeanmoocs.eu/about/ [retrieved 14/03/2018].

http://project.europeanmoocs.eu/about/
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Fig. 6.3 Subtitle personalisation

Fig. 6.4 Display functionalities

After this first attempt at generating accessible onlinemedia content, a newMOOC
was designed within the European funded project ACT (Orero 2017). ACT aims
at training the expert on accessibility for live cultural events: theatre productions,
operas, conferences, etc.Given the fact that theMOOC trains on accessibility services
for cultural contents, it had to be accessible and it was considered that aMOOCwould
be a good way to showcase the project.

The HBB4ALL MOOC was developed in a platform which aimed at offering
accessibility services and interaction. The ACTMOOCwas developed for Coursera,
a standard platform which lacks most accessible functionalities, so creativity was
required when dealing with services such as audio description. The solution was
to apply “accessible cinema” (Romero-Fresco 2012) guidelines from the course
design. For audio description this meant to include in the narrative or presentation
the audio description. For example, when a teacher was introduced, the presentation
included their physical appearance. When a movie was shown, the movie could not
be audio described, but the approach then was to add an audio introduction (Fryer
and Romero-Fresco 2014).
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ACT took care to find out user requirements from the three groups identified as
“end users”,14 who were:

• Managers of cultural venues;
• members of artistic teams; and
• diverse audiences including people with varying physical, linguistic, sensory, and
cognitive abilities.

While in the HBB4ALL MOOC persons with disabilities (PwD) were the focus
of interaction, for ACTMOOC they were only one of the three groups used to gather
requirements. For this ACT MOOC there were two challenges:

• The use of Coursera as a closed and standardise platform didn’t allow for any
accessibility add-on services.

• PwD were no longer the target student.

Looking at the bibliography on accessibility and MOOCs to understand solu-
tions it became clear the approach used to gather requirements. Sánchez-Gordón
and Luján-Mora (2016) literature review shows that to date end user requirements
are gathered following the UN International Classification of Functioning, Disability
and Health WHODAS 2.015:

• Blindness and low vision
• Deafness and reduced hearing needs
• Speech needs
• Motor needs
• Cognitive needs
• Psychological needs
• Elderly needs
• Non-native speakers’ needs
• Cross-cultural needs
• Technology needs.

Out of the ten categories only the last three are not health-related. This biased
profiling approach has a direct implication in three areas:

• It displaces learning from a universal human right to an “Assisted Living” territory,
where each medical condition requires a uniquely designed solution.

• Assisted living raises the issue of “reasonable accommodation” as a possibility to
avoid thinking about accessibility solutions as a default usability feature.

• Defines profiling from a pathological perspective, reinforcing the bipolar inclu-
sive/exclusive model, away from mainstreaming possibilities.

Designing the twoMOOCs, and looking at ways to optimise accessibility services
for PwD made us identify the basic flaw: profiling end users from a Medical Model.
MOOCs are related to learning, and access to content and interaction is more related

14See http://pagines.uab.cat/act/content/io1-accessibility-profiling [retrieved 14/03/2018].
15See http://www.who.int/classifications/icf/en/ [retrieved 14/03/2018].

http://pagines.uab.cat/act/content/io1-accessibility-profiling
http://www.who.int/classifications/icf/en/
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to capabilities than to disabilities. The MOOCs we generated will not solve the
functioning or health items gathered by Sánchez-Gordón and Luján-Mora (2016)
since interaction is related to communication. It is for this reason that for the ACT
MOOC, and the researchwe have currently embarked in otherH2020 funded projects
(1), we decided to challenge the medical approach to understand end user needs. The
objective is tomainstreammedia accessibility in all human communication activities,
such as learning, where media is nowadays the most popular format. In order to
propose a new profiling model, a critical revision of existing models is performed in
the next section.

6.3 Background: The Most Common Models of Disability

Disability has always been difficult to define, no matter what approach is chosen.
One of the reasons may be that “disabled people belonging to the same ‘impairment
category’ as those who have visual, hearing or mobility impairments vary enormous-
ly” (Marks 1997: 85). Nevertheless, that is no excuse to not being able to identify
it, since it still needs to be dealt with. To be able to stand up to scrutiny, a definition
of disability should be applicable to all people, without segregation into groups such
as “the visually impaired” or “the hearing impaired”, and be able to describe the
experience of disability across many areas of functioning (Leonardi et al. 2006). It
is not a matter of benevolence, but, as we have previously stated, of Human Rights.
Although disability has traditionally been closely linked to medical models, there
are also other approaches that try to tear the medical tags in order to place the dis-
abled person in context. Actually, it is a matter of fact that more recent models of
disability acknowledge the central role of social factors in understanding the causes
and consequences of disability, supporting a more integrative biopsychosocial model
of disability (Peterson and Elliott 2007). This variety of models is what makes the
definition of disability so hard to come up with; however, at the same time, this wide
range of ideas evidences the effort that has been put towards attaining one goal:
understanding disability from different angles to achieve full inclusion.

In this section presented some of the most traditional and used models to classify
disability are going to be put forward, as well as some new approaches, so as to
analyse their strong points and weaknesses, always bearing in mind that our final
objective is to find an approach that allows non-medical researchers, in this case
researchers who want to develop accessible learning tools for the disabled, to design
research materials, such as questionnaires, which can truly be helpful to obtain the
needed information that can be both useful and relevant.
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6.3.1 The Moral Model

Even though it may sound dated, it is worth mentioning due to it being the oldest
paradigm for understanding disability in the Western World. Based on religious
beliefs, it considers disability a test of faith, the notion that “God gives us only
what we can bear”. The Moral Model links disability with sin and shame. In this
sense, as disability impairs one sense, it heightens another (Olkin 2001). Charity and
condescendence are the social reply to disability, and while the concept is dated, is
very much alive today. It is common to find someone speaking slowly to someone in
a wheelchair or helping a blind person to cross the street. These today are considered
morally good actions.

6.3.2 The Medical Model

TheMedicalModel takes themoral aspect out and substitutes it for amore patronising
perspective. It is not an explicitly described model, but rather label attached to a
large body of research with a focus mainly on biomedical explanations (Bøttcher
and Dammeyer 2016). According to this model, disability is a pathological and
permanent issue that exclusively belongs to the disabled person, and that needs to be
fixed, even if it does not cause pain or illness. For example, if a signing deaf person
wants to attend a university lecture but is unable to do so because there is no Sign
Language interpreter, the Medical Model would suggest that this is because of the
person’s hearing loss problems, rather than the lack of Sign Language interpreters.
Another example would be a researcher who refuses to produce a questionnaire in a
larger font for a visually impaired person. By doing so, the researcher is depriving
that particular informant of participating.

This kind of approach has proved to be beneficial to improve medical diagnosis
and treatment and, thus, to have better results in that particular field, but it also has
a series of weaknesses. Doctors are the experts, whereas patients are passive and
not collaborators. The goal is to “fix” what is “wrong” with the person aiming at
“normality”. The problem is individual isolated from society; the fact that it creates
low expectations and results in people losing independence and choice; and, finally,
its lack of human touch. It can be seen that this model fails to empower people with
disabilities and to make inclusion a reality. This model emphasizes the injury that
leads to disability rather than the individual, and, therefore, people can be regarded
as disabled only because of the characteristics of some organs, which are seen as a
whole, which, in turn, causes the subject to be lost (Edler 2009).
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6.3.3 The Social Model

The Social Model, was developed in opposition to the medical approach, first in
the United Kingdom in the 1960s and 1970s (Bøttcher and Dammeyer 2016). It
was mainly developed by Michael Oliver, who “sees disability, by contrast with
impairment, as something imposed on disabled people by oppressive and discrim-
inating social and institutional structures” (Terzi 2005: 201). It believes the med-
ical explanation is insufficient to understand the relationship between people and
their environment, and that not enough importance is attached to human diversity
(Edler 2009). The Social Model shifts the focus from the defective person to society
. Disability now is not the physical impairment, but the failure of society to consider
individual differences (Bøttcher and Dammeyer 2016). According to this model,
impairments are not what makes people disabled, but the world around them. This is
to say negative connotations, social barriers and lack of accessibility are the actual
problem, not disability itself. Disability is an experience, not an injury (Edler 2009).
Using one of the examples presented in the previous model, the problem of the deaf
person being unable to attend a lecture would be the lack of Sign Language inter-
preters at that university, not the person’s hearing impairment. Thus, accessibility is
seen as a matter of civil rights, as the way to balance the treatment that society offers
to its citizens. This model concludes that accessibility makes the world less disabled
and leaves people just with their impairments.

Nonetheless, the popularity of the Social Model has been increasingly criticised
in the past number of years, mainly for ignoring that disabilities are grounded in
biological impairments, and for overlooking individual psychological perspectives of
people with disabilities (Bøttcher and Dammeyer 2016). According to Shakespeare,
“the simplicity which is the hallmark of the social model is also its fatal flaw”
(Shakespeare 2010: 271) since itmisses a disability as a core feature ofmany disabled
people’s lives and the concept of the barrier-free utopia. Terzi (2005) considers there
is an aspect of over-socialization of sources and causes of disability and the model
overlooks the complex dimensions of impairment.

6.3.4 The Human Rights Model

As previously stated, the SocialModel of disability was developed as a critique to the
Medical Model of disability; however, within disability studies, the Social Model of
disability has been almost as condemned as the Medical Model (Degener 2016). The
UNCRPDwas initially drafted as a human rights convention that aimed to substitute
the Medical Model of disability for the Social Model of disability. Yet, according to
Degener (2016)-who in 2001 was a legal expert to the UN High Commissioner for
Human Rights as co-author of the background study to the UN CRPD-the drafters
went beyond the Social Model and came up with a treaty based on the Human Rights
Model of disability (in fact, what these two models have in common is that both are



6 User Requirements When Designing Learning e-Content … 115

built on the premise that disability is a social construct). Thus, the Human Rights
Model offers an alternative to both the Social and Medical Models of disability and
is a tool to implement the CRPD.

Degener (2016) suggests six propositions to explain in which ways the Human
Rights Model differs from the Social and also why it goes one step further:

• The human rights model can vindicate that human rights do not require a certain
health or body status, whereas the social model can merely explain that disability
is a social construct.

• The human rights model encompasses both sets of human rights, civil and political
as well as economic, social and cultural rights and thus not only demands anti-
discrimination rights for disabled persons.

• The human rights model embraces impairment as a condition which might reduce
the quality of life but which belongs to humanity and thus must be valued as part
of human variation.

• The human rights model values different layers of identity and acknowledges
intersectional discrimination.

• Unlike the social model, the human rights model clarifies that impairment preven-
tion policy can be human rights sensitive.

• It is thought that the human rights model not only explains why 2/3 of the world’s
disabled population live in developing countries, but that it also contains a roadmap
for change. Degener (2016: 19).

Regarding its weaknesses, Berghs et al. (2016) underline that many analyses have
identified non-enforcement as a problem, and there is evidence of a lack of defined
sanctions. Moreover, people with disabilities hold the belief that the link between the
CRPD and other legislative institutions is still unclear. A frequent issue linked to the
implementation and enforcement of the CRPD is how to understandwhat ‘reasonable
accommodation’ means. This has particular implications for research. “The way
environments should be ‘modified’ to accommodate and ensure disabled people can
exercise their rights is open to interpretation. […] Inclusion tends to be defined in
relation to access and, ignoring diversity among people with disabilities, assumes a
universal research design will solve problems for all” (Berghs et al. 2016: 35).

6.3.5 The International Classification of Functioning Model

The International Classification of Functioning, Disability and Health (ICF) was
approved by theWorldHealth Organisation in 2001 and has been yearly revised since
then, the last version being approved in 2017. Based on, theoretically, the integration
between the Social and Medical Model of disability and initially drafted as the
International Classification of Impairments, Disabilities, and Handicaps (ICIDH),
the ICF was intended to complement its sister classification system, the International
Classification ofDiseases (ICD). The ICDclassifiesmortality andmorbidity,whereas
the ICF classifies functioning, disability, and health, and they are designed to be
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used together (Peterson and Elliott 2007). The ICF Model sees disability as the
result of a combination of individual, institutional and societal factors that define
the environment surrounding a person with an impairment (Dubois and Trani 2009).
It is operationalised through the World Health Organization Disability Assessment
Schedule II (WHODAS II) and it covers all types of disabilities, for various countries,
languages and contexts, which makes it suitable for cross-cultural use.

The aims of the ICF16 (WHO 2001: 5) are to:

• Provide a scientific basis for understanding and studying health and health-related
states, outcomes, determinants, and changes in health status and functioning;

• establish a common language for describing health and health-related states in
order to improve communication between different users, such as health care
workers, researchers, policy-makers and the public, including people with disabil-
ities;

• permit comparison of data across countries, health care disciplines, services and
time; and

• provide a systematic coding scheme for health information systems.

ICF’s novelty is combining health functionality with contextual factors (gender,
race, age, fitness, religion, lifestyle, habits, upbringing, behaviour pattern and char-
acter, etc.), which supposedly gives it a biopsychosocial and interactional approach.
It is believed that all these descriptors can impact health and functioning, and users
are encouraged to consider these issues qualitatively while classifying other areas of
health and functioning. Great interest has been expressed by a variety of stakeholders
to further develop this component of the ICF (e.g., Hurst 2003).

The ICF has gained considerable influence globally. It is used for a variety of
objectives, in descriptive as well as analytical studies and for policy. Yet, its rigid
classification fails to reproduce a more accurate picture of the reality.

6.4 The Human Development Model of Disability, Health
and Wellbeing (HDM)

Amartya Sen, 1998’s winner of the Nobel Prize of Economics, along with Martha
Nussbaum, are responsible for developing the capability approach, which has been
used as a framework to analyse different concepts inwelfare economics (Mitra 2006).
This has been extrapolated to many different fields of knowledge to address a wide
range us issues, such as: poverty, justice and even in disability studies. Under the
capability approach, Sen and Nussbaum focus on the type of life that people are able
to live, i.e., on their practical opportunities, called, according to these two authors,
capabilities, and on their achievements, called functionings (Mitra 2006). Sen used
the example of two women starving to contrast the two terms: both women have
the same functioning (not being well nourished) but very different capabilities. One

16See http://www.who.int/classifications/icf/en/ [retrieved 05/03/2018].

http://www.who.int/classifications/icf/en/
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has the capability, this is, the opportunity to be well nourished but decides to starve
for her religious beliefs, and the other can’t afford to buy food. This approach has
also given rise to a new model of disability: The Human Development Model of
Disability, which aims at providing a conceptual framework to describe and explain
health conditions, impairments, disability, their causes as well as their consequences
(Mitra 2018).

Disability can be understood as a deprivation in terms of capabilities or function-
ings that results from the interaction of an individual’s (a) personal characteristics
(age, impairment, etc.) and (b) available goods (assets, income) and (c) environment
(social, economic, political, cultural) (Mitra 2006). Disability means lacking certain
capabilities/functioning due to the interaction of the above-mentioned factors. Thus,
disability depends on whether the impairment places restrictions on the individual
functioning or capabilities.

It is worth to retrieve the example Mitra (2006) mentions in her article to explain
how she departs from theCapabilities Approach to develop a newmodel of disability:
a 19-year-old boy who suffers a brain injury is considered disabled if his practical
opportunity to attend college is restricted (potential disability), in contrast to an
individual with a similar basket of goods, in the same environment, and with similar
personal characteristics except for the impairment. In case the 19-year-old cannot
finally attend college, we would be facing actual disability but in case he finally goes
to university, then he would not be considered disabled.

The Human Development Model uses capabilities and/or functionings as met-
ric for wellbeing (Mitra 2018). It does not consider impairments/health conditions
as individual characteristics; instead, they are themselves determined by resources,
structural factors, and personal characteristics, and thus the model is informed by
the socioeconomic determinants of health literature.

Mitra (2018) states that for the Human Development Model (HDM) the focus is
on how health deprivations may relate to other dimensions of wellbeing. The aim of
research or policy initiatives guided by this model is thus to enhance human devel-
opment, this is, to expand the functionings/capabilities of individuals with health
deprivations or to expand functionings/capabilities by preventing health depriva-
tions.

Unlike the Social and Medical models, but like other interactional models such
as the ICF, the human development model provides a comprehensive account of
the variety of factors that might lead to deprivations. According to the HDM, and
unlike the Medical Model, the impairment is not always the cause for disability and,
unlike the Social Model, the environment is not always the disabling factor. Also,
the ICF could benefit from becoming open-ended, with the recognition that not all
dimensions of life may be specified and classified, and thus the classification does
not, and cannot be expected to provide an exhaustive account of the lived experience
of health deprivations.

It is with this HDM as a framework where user interaction requirements for
accessing media learning environments should be based. In order to apply this new
model to profile requirements.
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6.5 Drafting User Experience Questionnaires

Traditionally, user interaction with persons with disabilities requested for the user
to tick if they were: blind or low sighted or deaf and hard of hearing. Some even
went as far as asking the % of disability in their condition. While offering important
information regarding their condition, other more important traits were overseen, for
example, if a person is a fast reader. After many tests across Europe (Romero-Fresco
2015), it was found that reading subtitles was not related to any condition, but to
reading ability, usually related to education. Consequently, we feel it is high time to
take into consideration a new approach when designing the steps of a process aiming
at offering any e-learning product taking user needs and requirements into account.

As we have already seen, under Sen’s approach, disability can be understood as
a deprivation in terms of capabilities or functionings that results from the interac-
tion of an individual’s (a) personal characteristics (age, impairment, etc.) and (b)
available goods (assets, income) and (c) environment (social, economic, political,
cultural) (Mitra 2006). This is to say that disability means lacking certain capabil-
ities/functionings due to the combination of the above-mentioned factors. Conse-
quently, when working with users to design any content, platform or technology for
e-learning two issues need to be considered: (a) their capabilities and functionings
(where they are and where they want to be) and (b) their personal characteristics,
commodities and environment.

To design themethodologyof any project aiming at producing e-learningmaterials
for all citizens we suggest the following steps.

1. First of all gather a small group of people representing end user capabilities to
collect information regarding expectations and needs. This stage is basic also to
understand the validation process. The users in this first interaction can be called
“super users” since, besides their condition of regular users, they also have some
knowledge on the items to be tested. It would make no sense to consult users with
no knowledge or experience with neither functional diversity nor technological
background since at this stage what we require is not their acceptance of the final
service, but system requirements.

These “super users” can be interviewed in focus groups or requested information
through a questionnaire, or both, for example. Some questions that could be asked
are:

• What are the key capabilities/functionings that you value when it comes to…?
• What level of achievement would be sufficient?

2. Testing e-learning technology/platform/content with users.

After developing the requested functionalities, a further interaction with super-
users is needed to check if needs and expectations were met.

3. Once the integration has taken place, interaction with end users take place. To
this aim two questionnaires can be drafted-one to be answered before the test
and the other one just after.
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• In the first questionnaire end users map their current situation regarding
the capabilities/functionings mentioned by super-users. To evaluate capabili-
ties/functionings, question should be like: “Do you have difficulty in…?” and
then offer a scale.

• After end users test the new e-learning content/platform/technology, a post-
questionnaire is distributed, which has to reproduce the same questions regard-
ing capabilities/functionings to understand their assessment. Also, a demo-
graphic section needs to be included to ask about personal characteristics,
commodities and environment, which are the factors that can lead to disabil-
ity.

• Capability based questionnaires will not offer quantitative profiling, as ICT
does. Rather than considering students by their officially established % of
disability, their impairment will be evaluated towards a dynamic evaluation
and functional profile.

6.6 Conclusions

The chapter has revised the legal background required to guarantee access for all to
educational e-content and applications, from a Human Right perspective, securing
the accessibility of media formats used for education. While the legal framework
is in place, and to some extent technologies and standards are available, the main
e-learning platforms are not accessible. This Accessibility decreases further when
dealing with the user interaction to learning content, usually in audiovisual formats.

In this chapter the experience of designing two MOOCs to teach media acces-
sibility are described. The first is a MOOC designed to be accessible, showcasing
the many technological available options to secure access. The second MOOC uses
a ready platform, Coursera, that challenged accessibility, but some solutions were
found. The design of the two MOOCs shared the user centric methodology where
persons with disabilities defined interaction requirements. Data from this interaction
is usually gathered through questionnaires, which need to address the functionality
of the interaction (impairment), rather than the user physiological condition (disabil-
ity). For example, the literature showed that screen reading (subtitles) is associated to
persons with hearing impairments. The chapter proposes a new approach to profiling
students to design and validate e-learning platform requirements. The use of a capa-
bility approach-based model to reflect the needs of all citizens in society, following
a Universal Design approach to mainstream accessibility. Adapting Sen’s capabil-
ity model to education and student profiling should offer an open-ended capability
approach rather than a prescriptive medical taxonomy. It is expected that the pro-
posal presented in this chapter should open the door to mainstreamed accessibility.
This new impairment and capability—rather than disability—perspective has many
implications for all issues related to e-learning and the future of student interaction
with multimedia educational content. It is hoped this chapter raises awareness on the
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need to implement accessibility in the production phase of any learning material to
secure universal access to all.
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Chapter 7
iMuSciCA: Interactive Music Science
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Learning
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Abstract iMuSciCA supports mastery of core academic content on STEM subjects
for secondary school students alongside with the development of their creativity and
deeper learning skills, through engagement in music activities. To reach this goal,
iMuSciCA introduces new methodologies and innovative technologies supporting
active, discovery-based, collaborative, personalised, and more engaging learning. In
particular, iMuSciCA delivers a suite of activity environments and tools on top of
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core enabling technologies integrated on a web-based platform. These include: a 3D
environment for designing virtual musical instruments; advanced music generation
and processing technologies to apply and interpret related physics and mathematics
principles; gesture and pen-enabled multimodal interaction for music co-creation
and performance; and 3D printing for realizing the virtual instruments. The educa-
tional deployment of the iMuSciCA workbench is built around a suite of interdisci-
plinary project/inquiry-based educational scenarios for STEAM, integrating innova-
tive methods in teaching and learning. iMuSciCA is pilot-tested and evaluated in real
learning contexts in secondary schools from three European countries. The chapter
presents the innovative STEAM pedagogical framework, the implementation of the
advanced activity environments and core enabling technologies, the design aspects
of the educational scenarios and exemplar lesson plans, and the overall evaluation
framework that is adopted in successive pilot testing in secondary schools of three
European countries.

7.1 Introduction

Improving Science, Technology, Engineering, and Mathematics (STEM) education
has been a priority on the political agenda of many European countries since the
end of the 1990s. In Europe, over the last years a great number of STEM programs
and projects have been set up and a wide range of measures, starting with the earli-
est school years have been introduced.1 The key objectives have been to encourage
more students to study subjects of STEM as well as to improve the initial education
and continuing professional development of teachers. High quality STEM education
contributes to sustained economic growth, as well as sustainable development by
fuelling R&D, innovation, productivity, and competitiveness. Also, in recent years,
in the US and in European countries there has been increasing focus on integrated
STEM, while Arts subjects are mostly left apart. Despite these efforts, recent evi-
dence seems to illustrate that in both mathematics and science, underachievement
of 15-year-olds remains above the ET 2020 benchmark of 15%. Moreover, most
European countries continue to have a low number of students interested in studying
or pursuing a career in STEM (Kearney 2016). Specifically, according to the 2012
PISA assessment results (OECD 2014), 23% of the 15-year-old students who par-
ticipated in the PISA assessment across OECD countries are low achievers, as they
performed below the baseline level (level 2) in mathematics, i.e. they are able to “an-
swer questions involving familiar contexts where all relevant information is present,
and the questions are clearly defined. They are able to identify information and to
carry out routine procedures according to direct instructions in explicit situations.
They can perform actions that are obvious and follow immediately from the given
stimuli” (OECD 2013). Only 12.6% are top performers in mathematics (Level 5 or

1See indicatively the list of STEM-related projects at the European Schoolnet: http://www.eun.or
g/projects/stem.

http://www.eun.org/projects/stem
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6). The situation is equally disappointing in the field of science. Roughly 18% of the
students in OECD countries performed below the baseline level and are thus defined
as low achievers who “have such a limited scientific knowledge that it can only be
applied to a few, familiar situations. They can present scientific explanations that are
obvious and follow explicitly from given evidence” (OECD 2013). Less than 1 out
of 10 students (8.4%) were assessed as top performers in science literacy.

STEAM (Science, Technology, Engineering, and Mathematics combined with
Arts) is a movement in the field of education which initiated from the United States
of America and was driven forward in Europe. The STEAM initiative’s aim is to
place Arts at the heart of education systems to cultivate the creative skills of young
people, alongside with the knowledge and skills they acquire in STEM fields. The
interconnectivity of Arts and Sciences is a request and a challenge not only in edu-
cation, where the STEM fields are actually the starting point and Arts are employed
to increase the students’ engagement, motivation and impact of learning, but also in
Arts as a profession. Among the several Arts subjects, music has received great atten-
tion with examples in educational settings demonstrating how it can be exploited to
cultivate important skills of young people and how it can be part of STEAM learning
initiatives. Music is considered as essential to cognitive development from the early
years of life. Studies on the links between music education and cognitive abilities
report that participation in music lessons is associated with higher IQ and higher
academic abilities of students (OECD 2011).

Recently, the EU initiated, in the framework of the Horizon 2020 Programme, a
specific challenge on technologies for deeper learning of STEAM education. In this
framework, the eCraft2Learn2 aims to engage students with science and arts though
digital fabrication, or by creating artistic artifacts with the use of technological tools.
An example use case of eCraft2Learn is the creation of a 3D printed lighthouse in
which the light is regulated by an Arduino controller which considers the external
light conditions. STORIES3 promotes the storytelling concept as a key element for
interacting arts with STEM. It provides a user interface targeted to young students to
create multi-path stories expressing thus their creativity and imagination, along with
the use of latest Augmented and Virtual Reality (AR/VR) technologies combined
with 3D printing to materialize elements of these stories. The weDraw4 project
explores on how various human sensory modalities are involved to the learning of
specific concepts by primary school students. The STEAM direction of weDraw is
to allow students to investigate the relationships of important components of music
such as melody and rhythm with numbers and fractions, as well as the study of
geometry in drawing and painting.

On the other hand, iMuSciCA proposes a platform supporting ICT-enhanced
environments with new enabling technologies for deeper learning of STEAM sub-
ject matters to encourage learners in co-creative music activities. The general goal
is to pursue the research and development of state-of-the-art concepts and proto-

2https://project.ecraft2learn.eu/.
3http://www.storiesoftomorrow.eu/.
4https://www.wedraw.eu/project.

https://project.ecraft2learn.eu/
http://www.storiesoftomorrow.eu/
https://www.wedraw.eu/project
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types towards a novel framework of a workbench that involves advanced toolkits for
music co-creation activities deployed in lesson plans for STEAM learning/teaching.
The iMuSciCA workbench addresses secondary school students with the aim to
support mastery of core academic content on STEM subjects (Physics, Geometry,
Mathematics, and Technology) alongside with the development of creativity and
deeper learning skills through student engagement in music activities.

The rest of the chapter is organized as follows. Section 7.2 presents an envi-
sioned use case scenario for STEAM teaching/learning and gives an overview of the
proposed pedagogical approach. In Sect. 7.3 we present the various activity envi-
ronments and tools with reference to corresponding core-enabling technologies that
constitute the iMuSciCA web-based workbench. Section 7.4 deals with the princi-
ples of designing lesson plans that are implemented with the iMuSciCA workbench,
while Sect. 7.5 presents the overall evaluation framework of the pedagogy, the les-
son plans and the usability of the iMuSciCA workbench. Section 7.6 concludes this
chapter with discussion and future plans.

7.2 Pedagogical Approach

The envisioned use case scenario of iMuSciCA is illustrated in Fig. 7.1, where stu-
dents (John and Beatrice in this example) are enjoying interactive music science
education in various collaborative activities involving physics, mathematics, geom-
etry, informatics, engineering, technology, music, design, and history of arts using
lesson plans that have been prepared by their teachers (e.g. Garry and Alexandra) of
different disciplines (e.g. Music and Maths or Physics) who collaborate as a team
for STEAM education.

7.2.1 Problem Statement

At the heart of the iMuSciCA pedagogy is the idea that concepts of different fields,
mostly left unconnected in schools, are meant to be seen in relation to each other.
However, although connecting science, technology, engineering, mathematics and
art is at the agenda of STEM and STEAM reforms in education, the realization
of this connection is far from evident (Quigley et al. 2017; Bartos and Lederman
2014; Czerniak and Johnson 2007; Lederman and Niess 1997; Frans et al. 2013;
Tamassia and Frans 2014). So iMuSciCA is fostering renewal on this point. It is
a huge challenge but one worth trying. From our first piloting experiences it soon
became clear that teachers showed great interest in connecting STEAM-fields though
they felt very unsure as to how to realize this (Tsuprost et al. 2009).

Most students nowadays in school see hardly any relation between concepts or
skills that are being taught to them in different fields or subject matters (Honey et al.
2014; Bevan et al. 2015). Our small study showed that in the iMuSciCA countries
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John & Beatrice
iMuSciCA students

Teachers design 
iMuSciCA class lessons 

for STEAM learning

Garry gives individual 
feedback to Beatrice
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visualisation, and testing 
of 3D instruments that 

sound

3D printing of the 
instrument for the 

concert

Alexandra is teaching 
geometry and waves

Teachers exchange 
knowledge from 
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Alexandra discusses 
the learning outcomes 

with John

Teachers committee measures 
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deeper learning and refines 
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instrument design

They explain their 3D 
instrument to their 
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At the end of the semester, a concert is taking place where 
students celebrate their deeper learning

Garry & Alexandra
iMuSciCA teachers

Interactive Music Science 
Collaborative Activities 

Team Teaching for
STEAM Education

Every year a new stage is organized. In each stage an
instrument will be designed with the final goal of playing a
concert. However, the three iterations differ in their level
of deeper concepts to be taught.
1. Sound & tone generation, 3D instrument design
2. Timbre & harmonics, deeper mathematics & physics
3. Consonance & dissonance, solid knowledge and

understanding in a variety of curriculum subjects
(physics, mathematics, geometry, informatics, engi-
neering, technology, music, design, and history of arts.

Logo Design & sketches by Andrin Hubacher

Fig. 7.1 Collaborative designed STEAM learning lesson plans used by students in music science
collaborative activities

a pedagogy connecting Music with Science and Engineering can hardly be found in
the standard curriculum.

For example, students in schools learn about waves and superposition in physics
and mathematics, but they don’t connect this to what they are experience in music:
melody, timbre or harmony. The same goes for engineering: while designing an
instrument (supposing they get a task like this in standard curriculum) students hardly
realize that concepts of maths and physics are at stake there.

A prerequisite for STEAM education is one that has to be fulfilled by the school
itself: there is no goodway to STEAM teaching if there is no team of teachers, prefer-
ably of different STEAM disciplines, that can take this challenge ‘as a team’. Indeed,
teachers are mostly educated in one or two subjects at the most and understanding
the language of another subject remains difficult. Different disciplines use different
approaches, different tools, different ways. ‘STEAM teaching’ is a lot about ‘TEAM
teaching’.

To support teachers in overcoming the many challenges when implying an inter-
disciplinary STEAM pedagogy, iMuSciCA will help them by providing:
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• A workbench with ready to use tools in order to connect the fields of Music,
Science, and Engineering. Teachers can find tools for making or composingmusic,
for analysing sounds and tones, for designing an instrument, etc.

• Educational scenarios and lesson plans that show teachers ways of how this
workbench can be used in the class to bring iMuSciCA’s STEAM pedagogy to
life. The lesson scenarios are built on the basis of an inquiry-based methodology.
At the same time, they give extra background to teachers and in some cases even
working sheets for students which show how an interdisciplinary question and
task can be handled and how students can lead inquiries by using the iMuSciCA
workbench. These scenarios are meant to inspire teachers and demonstrate some
possible examples on how to connect the fields by using the workbench. Teachers
are invited to adapt them and use the workbench in a way that is most suitable for
their situation in school.

• An evaluation methodology that teachers can use to observe whether this con-
nected learning approach has the potential for deeper learning or not.

So, iMuSciCA’s STEAM pedagogy tries to give tools to teachers to connect what
has hitherto been left unconnected in schools. This combined way of learning has
the potential for deeper and more meaningful learning.

7.2.2 Description of the Framework

iMuSciCA helps teachers to bring a contemporary STEAM teaching methodology
in the class. iMuSciCA’s STEAM pedagogy is designed according to the following
principles:

a. Interdisciplinarity

Themain design principle of the pedagogybehind iMuSciCA’sworkbench and lesson
scenarios is to provide a STEAM-rich environment where interdisciplinary activities
are at hand. Students can use a STEAM-rich palette of tools, concepts, and phenom-
ena belonging to different subject matter fields. iMuSciCA’s pedagogy lets them see
and connect concepts and skills of music with those of science and engineering.

iMuSciCA scenarios do provide clear view for teachers: this is crucial since inter-
disciplinary subjects and inquiry paths might be a bit outside the ‘known territory’
of teachers, who might become unsure, even if they are experienced and working in
a good team. Therefore, the iMuSciCA scenarios are full of background, example
solutions and so on. The principle is not to tell teachers what they should do, but to
inspire them and give them confidence in interdisciplinary STEAM education.

b. Inquiry learning across STEAM fields

iMuSciCA uses the following Inquiry Based Science Education (IBSE) phases:
Engage, Imagine, Create, Analyse, Communicate, and Reflect. Classically, these
or similar IBSE phases are applied in education though mostly they are seen as
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belonging to separate subject matter fields (see, for instance, Pedaste et al. 2015).
But iMuSciCAnowbrings in an inquiry learning,where different STEAMdisciplines
are connected. This implies respect for the identity of each STEAM discipline, its
concepts and practices, while, at the same time, broadening the IBSE phases to give
room for questions and practices from other fields. This interdisciplinarity is usually
not incorporated in science inquiry.

Work with the iMuSciCA workbench lets students experience that all these ways
of inquiry learning are needed to come to a result. The engineer uses the scientific
insights to predict how a musical instrument will behave in terms of fundamental,
upper tones etc. The scientist tries to understand why these particular factors exist or
which new ones lie ahead. The musician creates or performs a musical piece. In the
end, the listener participates in the result of this process. All these are complementary
and iMuSciCA tries to take the learner through the whole process.

c. Different inquiry paths

iMuSciCA reflects the open way in which real investigation occurs: as history of
science shows, inquiry often follows rather unexpected paths (Matthews 1994).

The different inquiry phases in iMuSciCA are used as a model. This implies that
the phases do not necessarily follow a standard sequence: variation and loopholes
(sometimes certain phases reoccur a few times before going further). Besides alter-
nating the sequence of the inquiry phases, iMuSciCA’s pedagogy also varies the point
of entrance and the level of guidance given (Tiberghien 2000).

Many times, though not always, iMuSciCA will let users start from the experi-
ence of music (music is then used as a context). On other occasions, scientific or
engineering questions serve as a starting point like, for instance, in scenarios of the
‘design your string instrument’ or ‘synthesize your preferred timbre’ types.

Whatever the point of entrance, iMuSciCA’s pedagogy tries to avoid one of the
reported pitfalls concerning open forms of inquiry: if the necessary scaffolding to
students is not sufficiently given, inquiry turns out to be negative, especially for the
ones with less privileged backgrounds (Kirschner et al. 2006). Therefore, iMuSciCA
shows pathways that will brush up the users’ prior knowledge so that they succeed
in their preferred inquiry. See below in Sect. 2.4 how, for different points of entry,
students are referred to the appropriate basic scenarios where prior knowledge can
be updated.

d. Collaborative and co-creative learning across fields

Science, Music, and Technology are all human collaborative activities: it is this
diverse and interdisciplinary field of STEAM that iMuSciCA wants to show.

Therefore, iMuSciCA’s workbench and lesson activities are designed to address
the following characteristics that are known to support collaborative learning
(Kirschner 2001):

1. Active learning: iMuSciCA’s scenarios engage students from different perspec-
tives: music, science, and engineering. Scenarios actively engage students in
interdisciplinary investigations and, by doing so, they support a lot of collabora-
tive skills and creativity (Honey and Kanter 2013; Martinez and Stager 2013).
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2. Teachers: The role of the teachers is to provide guidancewhen needed, especially
by attending to the less privileged. Teachers can recommend different pathways
through different iMuSciCA scenarios depending on the student’s background.

3. Teaching and learning as shared experiences: Teachers and learners create time
for making joint conclusions to foster discussions around the learned concepts
within student groups, within the group of iMuSciCA teachers, as well as joint
discussions between these two groups. In iMuSciCA, we talk about teachers in
plural, since iMuSciCA involves teachers from different backgrounds.

4. Student participation in small-group activities: iMuSciCA scenarios are built
around inquiry activities that are preferably performed by a small group of stu-
dents who later interact with the rest of the class to share their findings.

5. Students taking responsibility for learning: Small group activities of interdis-
ciplinary nature allow students to take responsibility for their activities depending
on their interest. For instance, some students can take the lead in a music activity
while others can be in charge of coordinating a scientific experiment or designing
an instrument.

6. Students being stimulated to reflect on their own assumptions and thoughts
during iMuSciCA’s ‘communicate and reflect’ phases.

e. 21st century skills across different STEAM-fields

iMuSciCA translated the 21st century skills (Wagner 2008) into design principles
that are somewhat more pedagogically operational. These are called the ‘9 lessons’
for a 21st century pedagogy and are based on Saavedra and Opfer (2012). This is
how they work for iMuSciCA as design principles:

1. Make it relevant. iMuSciCA activities connect contexts that engage students
from different perspectives. The context of music ‘resonates’ evidently with
students. Depending on the interests of learners, iMuSciCA allows teachers to
switch contexts in order to make them relevant to learners (Perkins 2010).

2. Teach through the disciplines. In the classical model of education, teachers
are restricted to a certain subject matter. This remains the dominant approach in
compulsory education in much of the world (OECD 2009). Typically, students
taught in this way do not have much practice in applying their knowledge to new
contexts to solve new problems. The iMuSciCA pedagogy overcomes exactly
these pitfalls from the design on by connecting disciplines andmaking knowledge
transferable across fields and contexts.

3. Develop thinking skills. Connecting knowledge from different fields contributes
highly to deeper andmore applicable understanding (Schwartz andFischer 2006).
Students in iMuSciCAmight practice, for instance, lower order skills by plugging
numbers into an equation or a table when trying to understand the relationship
between frequency and natural tones. But soon they apply this knowledge to
another field: for example, they use this knowledgewhile designing an instrument
or connect it to what they hear.

4. Encourage learning transfer. Transfer is hard, and students need support and
practice to ensure that it happens (Fogarty et al. 1992). By connecting different
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disciplines in the appealing context of music, iMuSciCA powerfully supports
transfer: questions and tasks are given to make connections between scientific
laws and situations inmusic, engineering, or life in general (Salomon and Perkins
1989).

5. Teach students how to learn. iMuSciCA’s scenarios support students’ metacog-
nition by addressing reflection in different inquiry phases: talking through their
own thinking, reflecting on their model or presenting it to peers. In this way,
iMuSciCA supports the development of positive mental models by students: stu-
dents are supported in their belief that intelligence and capacity increase with
effort. The iMuSciCA workbench provides tools that enable them to inquire
freely the phenomena. Thus, mistakes and failures become opportunities for
growth (Dweck 2000).

6. Address misunderstandings directly. Learners evidently have a lot of misun-
derstandings about how the world really works, and they hold onto misconcep-
tions until they can build alternative explanations based on experience (Perkins
andGrotzer 2008). iMuSciCA’s pedagogy confirms students’ ‘theory’ every time
with practice and evidence not only from music but also from other fields, such
as science and engineering.

7. Treat teamwork as an outcome. iMuSciCA combines collaborative learning
with inquiry. iMuSciCA’s pedagogy works like a ‘studio of learning’ in which
small groups of students work on a given issue and reflect upon this with their
peers and teachers.

8. Exploit technology to support learning. The iMuSciCA workbench creates a
technology environment based on experience, where virtual instruments can be
tested or designed, and experiments can be performed. Thisway, students practice
transferring skills and applying knowledge to different contexts. iMuSciCA’s
workbench makes practicing with instruments and devices easier and supports
collaboration and dialogue with peers.

9. Foster creativity. Creativity is not a fixed characteristic that people either have
or not. Rather, it is incremental, allowing students to learn to be more creative.
Creative development requires structure and intentionality from teachers and stu-
dents and can be learned especially ‘through the disciplines’ (Robinson 2001;
Kim and Park 2012a; Kim and Park 2012b). It is reported that connecting dis-
ciplines makes lessons relevant to learners and works positively on students’
motivation and creativity (Csikszentmihalyi 2008; Sternberg 2006). iMuSciCA
directly addresses this creative process across different fields.

7.2.3 The iMuSciCA Curriculum and Structure of Scenarios

As explained in Sect. 2.2, the iMuSciCA curriculum foresees the possibility to use
the workbench following a guided path or a more open one. To support the work of
teachers, scenarios based on a certain theme have been developed in co-operation
with groups of teachers in Belgium, France, and Greece. Belgium and France mainly
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focused on the 7th to the 9th grades, while Greece focused on the 9th and 10th grades.
In all cases, the aim of the scenarios was to offer inspiration, support and background
information to teachers, and let them free to choose their preferred path. By co-
creating the scenarios together with the teachers in each country, it was possible to
adapt them to the national curricula and also address specific situations.

As an example, we present in Fig. 7.2 the structure of the scenarios dedicated to
grades 7th–9th developed in Belgium:

• In the centre, we find two ‘basic scenarios’ which contain basic concepts of music,
physics and mathematics, e.g. what the sources of sound and tone are, what a tone
is, what natural tones are, etc. These two scenarios are built in a guided form
including direct links to the appropriate tools on the iMuSciCA workbench. This
is very useful in the 7th and 8th grades, as groups of pupils can work independently
(supervised by a teacher) by following a pre-set guided inquiry path.

• Around this, we find the ‘open’ scenarios, considered as the ‘entrance’ point into
the iMuSciCA pedagogy: these are creative scenarios containing a description of
activities to be implemented by students directly on the iMuSciCA workbench.
Therefore, the inquiry path gives more degrees of freedom to students.

The idea behind this structure is that teachers can start working in class form
an ‘open’ scenario (entrance point into the iMuSciCA pedagogy) which stimulates
the students’ curiosity and interest. They can then go to basic scenarios whenever
this is needed to deepen the knowledge and understanding of the underlying basic
concepts. Of course, teachers can also choose to adapt these scenarios or to develop
newones. Furthermore, each scenario starts fromone of the STEAM‘points of view’,
i.e. Science/Mathematics, Engineering/Technology, Music, and then builds a bridge
towards the other STEAM fields.

Fig. 7.2 Structure of exemplary educational scenarios for 7th–9th grades
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7.2.4 An Example of an ‘Open’ Scenario

The scenario entitled ‘Synthesize the timbre of your preferred instrument’ is built
around the ‘Tones Synthesizer’ activity environment of the workbench (see Fig. 7.7).
In this scenario, the student’s task is to recreate the timbre produced by his or her
favourite instrument. Students must first play the same tone on different instruments
to experience that the sound produced is somehow different. This is done first by
listening and then by measuring the frequency spectrum and noticing that, when
playing a tone on a musical instrument, more than one frequencies are produced.
Students investigate then what happens by summing up different frequencies by
using the ‘Tones Synthesizer’ and they conclude that it is the relative intensity of
these frequencies which makes up a different timbre. At this point, they can proceed
to the reproduction of the timbre of their chosen instrument. In principle, this scenario
can be considered as independent. Although it is an example of a scenario starting
from an engineering point of view, teachers could decide to make a deviation to
deepen the understanding of the used concepts, such as tones and natural tones. In
this case, they could implement alternative scenarios, which address these concepts
from the points of view of physics, mathematics, and music.

7.3 The iMuSciCA Workbench

This section briefly describes the main components of the learning environment, and
then focuses on the iMuSciCA workbench, which is the main user interface where
innovative STEAM activities take place.

The learning environment consists of functional components allowing to create,
manage, store, and use learning contents, as well as evaluate the learning outcomes.
These include:

• The main entry point is the iMuSciCA Learning Management System (LMS)
which is accessible at http://lms.imuscica.eu/. This builds on a standard Moodle
environment (Dougiamas and Taylor 2003).

• The innovative iMuSciCA Learning Contents are provided to students in a unified
workbench (https://workbench.imuscica.eu/).

On the LMS, the individual learning contents are available. These are typically
generated or adapted by teachers using a Learning Content Authoring Tool (LCAT),
which is based on the well-known Cabri authoring software (Cabri 2018), or directly
added in Moodle using its own tools. Learning contents can be tagged using appro-
priate metadata, to allow for fast and efficient retrieval. When users follow a learning
content, they produce some data (question answers,marks, current progresswithin an
activity, etc.). These data are called ‘learning records’ and are stored in a repository,
the Learning Record Store (LRS) (Tillett 2012).

Theworkbench is the place where students can perform STEAM-related activities
according to the iMuSciCA pedagogical framework (see Sect. 7.2). It provides a set

http://lms.imuscica.eu/
https://workbench.imuscica.eu/
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Fig. 7.3 Landing page of the iMuSciCA workbench

of Activity Environments and Tools (AE&T), categorised according to the different
STEAM domains in music, science and mathematics, engineering and technology.

The activity environments and tools can be launched by clicking on the corre-
sponding icon, located at the top of the window (see Fig. 7.3). Activity environments
belonging to the same domain share the same colour. Furthermore, visualization and
music tools, e.g., the very recent Snail from (Hélie and Picasso 2017) are available
when users interact with an activity environment producing sound (see Fig. 7.7).

Virtual music instruments can be designed in an innovative 3D Music Instrument
Design environment. In this environment, the user can load four pre-designed instru-
ments: a multichord, a guitar, a membrane (circular or square), and a xylophone
(Fig. 7.4). The ground-breaking novelty of iMuSciCA is that students can adjust
various parameters (e.g. the length and chord tension) and then hear the produced
sound from the instrument, the latter being excited using synthetic sound of physical
instruments, building on the latest research outcomes of IRCAM.

In activities related to the interactive musical instrument environment (see
Fig. 7.5), the student can either play pre-set instruments or load customized virtual
instruments, previously designed in the 3DMusical Instrument Design. Students can
use their hands (Leap Motion based interaction) and arms/body (Kinect-based inter-
action) to interact with the virtual musical instrument and their actions are translated
into events that trigger the sound generating engine. The performance can be stored
and re-played to be used in other activity environments and tools (visualization,
sample sequencer, analysis).

The Performance Sample Sequencer (see Fig. 7.6) allows students to work on
a performance sound recording, obtained from the interactive musical instrument
performance activity environment. Students can explore combinations of segments
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Fig. 7.4 The 3D musical instrument design environment

Fig. 7.5 Gesture-based interaction for virtual music instrument performance

of their recordings to generate newmusic. To this end, stored recorded performances
can be imported in audio form into the sampler’s interface. The student can then
select segments from this performance recording as regions on the waveform and
activate those samples on the sampler’s matrix. Users can store the current settings
of their composition and share it with other students, generating the conditions for
co-creation.
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Fig. 7.6 Performance sample sequencer

The Drawing Canvas for Music Creation (DrAwME) provides users a novel and
uniqueway that interconnects drawings with sounds. The y-coordinates of the canvas
specify the frequency of the sound, while the colour of the drawing pen corresponds
to the timbre of the sound (see Fig. 7.7). The sound is generated while the user draws
on the canvas, but it can also be played back using the play button. In this case, the
sound generation of the drawing is achieved by interpreting the x-coordinates as time
which unfolds from left to write and playing the various frequencies (y-coordinates)
of the drawing. The user may also select among a number of sound visualization
tools. At the same time, the student may choose to see how a sound generated in the
DrAwME can be visualized. Figure 7.7 presents the visualization of the Snail, which

Fig. 7.7 Interactive drawing canvas for music creation with music visualization tools
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Fig. 7.8 Exploring timbres with the tones synthesizer

displays music tones around the spectrum of a sound as a “blob” with size and color
that depend on the energy and phase shift in the Fourier decomposition and the tuner.

An alternative approach to study soundwaves is provided by theTones Synthesizer
activity environment, which allows students to explore timbres as an addition of
multiple sinusoidal elements. Students can listen to the sound produced by up to eight
combined (summed) sinusoids, change their parameters (amplitude and frequency)
and visualize the produced waveform, either as a whole or each element separately
(see Fig. 7.8).

Finally, three scientific and mathematical activity environments and tools are
available to students. In the sonification of mathematical expressions activity envi-
ronment (Fig. 7.9), students can designmathematical equations and geometric curves
and let them sound.

In the mathematical equation editor (Fig. 7.10), students can write math equations
by handwritten recognition or using menus and keyboard.

In the geometry and algebra activity environment (Fig. 7.11), an all-purpose
exploratory environment, students can use a wide range of tools suitable for mathe-
matical and geometric design and analysis.
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Fig. 7.9 Sonification of mathematical equations and geometric curves activity environment

Fig. 7.10 Math equation editor using handwriting recognition

7.4 Lesson Plans Design

The educational scenarios of iMuSciCA implement the project’s pedagogical design
and, at the same time, harness the potential of iMuSciCA’s workbench activity envi-
ronments and tools through innovative learning activities. The educational scenarios
are co-created by iMuSciCA experts and teachers and allow students to move from
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Fig. 7.11 Geometry and algebra activity environment

guided to free inquiry, as they implement the proposed activities, and further expand
undertaking their own inquiries through the iMuSciCA workbench.

7.4.1 Connection with Subject Content Knowledge

Following the pedagogical framework of iMuSciCA, educational scenarios are
closely aligned with the national STEM curricula in Belgium, France and Greece.
At the same time, they address subject-specific misconceptions and difficulties that
students face in secondary education (Table 7.1).

As the pedagogical approaches of iMuSciCA deal with principles of sound phe-
nomena and their relationship with geometric and physical properties of sound bod-
ies, they cover a wide range of subjects. Music teaching acts primarily as a catalyst
demonstrating in very practical ways, i.e. through the creation of sound, that concepts
such as the explanation of sound as a natural phenomenon throughmathematical pro-
portions and the harmonic arrangement in time as imposed by music creation are
two faces of the same coin.

According to the existing body of knowledge, students often seem to have difficul-
ties in terms of visualisation and analysis of both geometric and algebraic structures.
iMuSciCA provides an innovative and highly interactive learning environment, in
which students can experiment with geometric shapes in dynamic ways to create
musical instruments aiming at addressing the above-mentioned difficulties. Further-
more, 3D-Geometry and its basic rules can be introduced in a playful manner through
educational scenarios using the iMuSciCAworkbench, which provides students with
opportunities to interact with such objects, thus, enhancing their spatial reasoning.
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Table 7.1 Students’ misconceptions and difficulties in physics

Sounds can be produced without using any material objects

Hitting an object harder, changes the pitch of the sound produced

Human voice sounds are produced by a large number of vocal cords that all produce different
sounds
Loudness and pitch of sounds are the same thing

In wind instruments, the instrument itself vibrates (not the internal air column)

Music is strictly an art form; it has nothing to do with science

Sound waves are transverse waves (like water and light waves)

Sound can be trapped in a container if the air is trapped; it needs holes to escape

Music has low volume (small amplitude) and noise has high volume (large amplitude)

Longer objects vibrate faster or produce higher notes

The sound box on a musical instrument is for making sound clearer

Vibrations and waves are the same thing

The pitch of a tuning fork will change as it “slows down”, i.e. “runs out” of energy

Students often confuse wave period with frequency

Algebraic manipulations, either simple (e.g. manipulation of proportions) or
advanced (e.g. manipulations of logarithmic and trigonometric functions) can be
addressed by students if they research the functional dependencies of various param-
eters of the musical instruments they are designing.

Moreover, Engineering is a subject, which is not introduced systematically in
standard K-12 Curricula. As opposed to Vocational Education and Training (VET),
Engineering is mainly approached on a voluntary basis, e.g. through Project Based
Learning (PBL), in extra-curricular/afterschool Student Clubs or as an elective sub-
ject. As a result, students’ misconceptions about the engineering principles generally
prevail and are not addressed in a systematic manner by many educational institu-
tions.

The pedagogical design of iMuSciCA incorporates the engineering cycle of defin-
ing a problem by asking questions, imagining potential solutions, planning the design
of a prototype, building it, testing it, assessing and optimizing the results, and provid-
ing the final product. Furthermore, the iMuSciCAworkbench provides students with
the opportunity to experiment with the design of a final product and comprehend the
interrelations between Engineering, Science and Mathematics, as well as addressing
the links between Music and STEM mentioned in the following table (Table 7.2).

7.4.2 Integration of the iMuSciCA Pedagogical Framework

The iMuSciCA educational scenarios follow the approach of IBSE across the
STEAMfields. Students first engagewith the subject, theywonder, they ask questions
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Table 7.2 Links between music and science

Simple mathematical proportions and musical intervals

Natural tones and mathematical proportions

Natural tones and standing waves

Melody as a sequence of intervals

Harmony and the simultaneous sounding of musical intervals

The mathematical pattern in the upper tones and the musical consonance and dissonance

The concept of scale and the relationship of sounds

The concepts of musical time, rhythm and mathematical patterns

Elementary principles of musical composition and the relation with harmonics

Fig. 7.12 Inquiry based
learning cycle. Source The
OPEDUCA project (http://
www.opeduca.eu/Inquiry_Ba
sed_Learning.html)

and they link the subject to their prior knowledge. Second, they imagine and formu-
late hypotheses and identify relevant parameters to investigate possible solutions.
Third, they create prototypes, investigate the hypotheses they have been formulating
beforehand and analyse the results of their investigations. Fourth, they connect the
subject with different STEAM fields, they draw conclusions and evaluate the results.
Fifth, they communicate the results of their activities to others, e.g. teachers, stu-
dents, and peers. Finally, they reflect on the feedback they obtain and incorporate it
in their further explorations (Fig. 7.12).

Thus, each educational scenario follows a vertical approach according to the
successive steps that this model proposes but does not preclude teachers from delving
deeper into the details of each field through dedicated lesson plans that can be adapted

http://www.opeduca.eu/Inquiry_Based_Learning.html
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Table 7.3 iMuSciCA’s synopsis of educational scenarios

Title:
Description: 

E: Engineering/Technology, S: Science/Mathematics, M: Music
Phases Field Time Description Activity Remarks

to different teaching needs. Furthermore, this structure allows students to perform
their own inquiries by utilizing the acquired knowledge and feedback (Table 7.3).

The possibility of teachers themselves enriching and further developing peda-
gogical interventions in class led to the design of a synopsis table, in which all the
above-mentioned possibilities of didactic actions using iMuSciCA’s workbench can
be briefly described and combined.

The Synopsis allows teachers to create the overall ‘floor plan’ of teaching practices
in terms of duration, field and specific teacher-student actions in the iMuSciCA
workbench.

7.4.3 Architecture of Educational Scenarios in iMuSciCA

Variations among National Curricula, structural differences among public schools,
music schools and private schools aswell as everyday practices in classrooms provide
a landscape, which requires the iMuSciCA educational scenarios to be flexible and
adaptable. Therefore, the design adapts to three possible settings: (i) long termProject
Based Learning that can be carried out e.g. in School Clubs; (ii) medium term regular
classroom interventions; or (iii) short term classroom interventions on a par with the
curriculum.

In this framework, a modular architecture (Fig. 7.13) has been developed for
the educational scenarios of iMuSciCA. Educational scenarios, which incorporate
all IBSE phases and cover all STEAM fields usually have a duration of at least
four hours and consist of smaller modules or Lesson Plans. Each Lesson Plan may
incorporate one or more inquiry stages and has a typical duration of one or two
teaching hours.

Educational Scenarios can be further combined, in order to produce a wider rang-
ing and more comprehensive learning project, which consists of at least one scenario
and can last from 20 h to the whole school year.

This structure allows flexibility not only with respect to the implementation set-
ting, curriculum and time availability but also regarding the design of the Educational
Scenarios. As Scenarios consist of Lesson Plans involving one or more Inquiry
Phases and STEAM fields, those Lesson Plans can be easily combined, varied and
re-arranged to contribute to different Educational Scenarios (Table 7.4).



7 iMuSciCA: Interactive Music Science Collaborative Activities … 143

Fig. 7.13 Modular architecture of iMuSciCA’s educational scenarios

7.4.4 Exemplary iMuSciCA Educational Scenarios

This section provides selected examples of Educational Scenarios for Lower and
Upper Secondary Education developed by the pedagogical team of iMuSciCA in
close co-operation with affiliated teachers coming from Belgium and Greece.

Scenario 1: Sound and tone: This scenario addresses students in lower secondary
education. Students investigate vibrations as sources of sound. By means of the
iMuSciCA visualisation tools they measure sounds and recognise that some are
periodic, and others are not. They learn to connect this insight with what they hear:
some sounds have more tones, some others less or no tone at all.

Scenario 2: Standing waves and resonant frequencies: This scenario also
addresses lower secondary school students. Students investigate the natural sequence
of tones that occur on string instruments and aerophones. They use the iMuSciCA
sound visualization tools to measure the frequencies and discover their mathematical
relation. Moreover, they try to understand how these precise sequences of tones can
occur on an instrument where they do not change anything.
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Table 7.4 Distribution of lesson plans of a generic educational scenario across STEAM fields and
IBSE phases

STEAM Field

In
qu

iry
 P

ha
se

Music Science/
Mathematics

Engineering/
Technology

Engage Lesson Plan 1

Imagine Lesson Plan 1

Create
Investigate/Design

Lesson Plan 4 Lesson Plan 2 Lesson Plan 2

Analyze Lesson Plan 3

Communicate & 
Reflect

Lesson Plan 4 Lesson Plan 3

Scenario 3: Let’s hear Thales’ theorem: This scenario refers to the intercept theo-
rem of Thales ofMiletus. Students of Upper Secondary Education use the iMuSciCA
tools to divide a string length in parts keeping tension (and radius in the case of string)
constant and then listen to the different generated sound. They select a number of
string-lengths to form their own ‘scale’ in a polychord (bichord, trichord, etc.). With
the help of their music teacher, they use this scale to compose motifs (i.e. sets of
notes) making brief rhythmical patterns. By altering the tension, students can exper-
iment to achieve the same frequencies used in the previous step. They compare their
scientific results in table format and perform the same composition with the new
models.

Scenario 4: Investigating the Monochord: This educational scenario introduces
upper high school students to the science behind the sound produced by the simplest
stringed instrument, themonochord. Students investigate and verifyMersenne’s laws
regarding the dependencies of the frequency of the sound produced by a virtualmono-
chord on several parameters, such as string tension, radius and length. To do that, they
will produce a virtual monochord using the iMuSciCA ‘3DMusic Instrument Design
Environment’, experiment hands-on and minds-on with the relevant parameters and
investigate the dependencies using simulated data produced by the performance of
the virtual instrument.

Concerning more ‘open’ scenarios and lesson plans, a description of the activities
has been developed following the Synopsis of iMuSciCA’s Educational Scenarios
presented in this section. These scenarios deal with concepts such as the timbre of
musical instruments, the influence of length, tension and thickness of the string on
the tone, recognition of patterns, transformations and combination of transformations
in music and geometry. Below follow some examples addressing lower secondary
school students:
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The ‘Synthesize the timbre of your preferred instrument’ open scenario is built
around the ‘Tones Synthesizer’ activity environment. In this scenario, the student
has the task to create a sound, with a timbre similar to her/his favourite instrument.

The ‘Build a musical piece using geometrical symmetry’ open scenario uses var-
ious iMuSciCA tools such as the ‘Performance Sample Sequencer’, the ‘Drawing
Canvas for Music Creation’, and the ‘Geometry and Algebra tools’ to teach students
how to recognize patterns, transformations and combination of transformations in
music and geometry.

7.5 Evaluation Framework

The in-depth evaluation of the pedagogical framework, the co-created educational
scenarios and the associated iMuSciCA workbench activity environments and tools
consist of two distinct assessment phases in Lower and Upper Secondary Education
in three piloting countries (Belgium, France andGreece). In Belgium the pilot testing
includes students in the 7th and 8th grades, in France it is applied in the 8th and 9th
grades and in Greece it mainly addresses the 9th and 10th grades.

The first assessment phase is focused on the usability evaluation of the first ver-
sions of the learning environments aswell as on the educational value andpedagogical
relevance of the first versions of the educational scenarios.

A second assessment phase centres on the use and evaluation of the technological
andpedagogical frameworks in real classroomsettings in order tofine tune and further
increase the capabilities of educational scenarios, lesson plans, and related activity
environments; it will assess students’ learning achievements in general and STEAM
deeper learning metrics in particular; it will consider the benefits for educator and it
will contribute to the formulation of recommendations for good practices and policies
for implementing STEAM education.

The evaluation focusses on the following three aspects:
Technical Usability and Acceptance: By applying a user-centred design and

implementation to evaluate (i) the technical performance of iMuSciCA workbench;
and (ii) the familiarity of the main stakeholders with its functionalities. The infor-
mants are teachers and students.

Pedagogical Fit and Value: By assessing the usefulness, user-friendliness, learn-
ability/adaptability/reusability and efficiency of the suggested Educational Scenar-
ios; by integrating STEAM and related Inquiry Based Learning (IBL) pedagogy into
the classroom; by increasing opportunities for collaboration, co-creation and collec-
tive knowledge amongst educators. The informants are teachers (Abma and Stake
2001).

Learning Fit and Value: By analysing the ability of the learning environment to
personalise learning processes; by investigating the potential to motivate students to
learn more and beyond the expected; by increasing the capability to achieve deeper
learning competences. The informants are students and teachers.
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The selected Educational Scenarios for further implementation, on the one hand,
are in line with the National Curricula in the participating countries and, on the other
hand, demonstrate the potential of iMuSciCA to cover a wide range of educational
needs (e.g. in relation to education systems, STEM subject matters, school settings,
and students’ age groups) across different countries.

Furthermore, a substantial part of the evaluation will take place in real classroom
settings and thus the feedback will be generated directly from end users, i.e. science
and music teachers and their students.

iMuSciCA therefore follows a multi-methodological research approach adopting
an interpretive paradigm aimed at closely documented experience in a socio-cultural
framing (Ryan and Deci 2000) considering three aspects: (i) personal (i.e. focus on
teachers and students and what they are doing), (ii) interpersonal (i.e. focus on inter-
actions between teachers, students and peers), and (iii) contextual (i.e. considering
institutional factors, teachers’ mind sets, students’ motivation, available resources,
physical arrangements).

The related evaluation instruments entail questionnaires, tests, classroom obser-
vation, reflections, behavioural and biometrical data and user analytics.

Questionnaires will collect quantitative data from students and teachers concern-
ing issues of the technical usability and acceptance and pedagogical fit and value.
In addition, an attitude questionnaire will be given to students prior to and at the
end of iMuSciCA’s second phase. This will aim to detect any changes in students’
motivation towards STEM and STEAM learning due to the intervention and will
be examined in conjunction with the behavioural and biometrical data concerning
student engagement.

Tests: In addition to questionnaires at the end of the interventions, students will be
administered tests on the STEAMknowledge involved in the lesson plans, before and
after each implementation with the aim to measure any changes in student subject
knowledge (i.e. learning fit and value) as a result of iMuSciCA’s use.

Classroom observation: Observations will mainly focus on issues of technical
usability and acceptance and pedagogical fit and value; they will look for interactions
between students and teacher and/or between students and the learning environment.
It is suggested that mapping, sequential digital images, observation field notes using
a timeline and audio recordings are amongst the most appropriate instruments to be
applied in classroomobservation.User analytics about students’ activity are expected
to complement qualitative data collected with the other methods.

Reflections: To further complement these observations, a certain level of reflection
is required from both the students and teachers in the classroom. It is suggested that
the digital images and audio recordings would be an appropriate means of trigger-
ing such reflections, and these could be elicited by way of interview and/or focus
group discussions. Reflections will mainly address the Pedagogical fit and value and
Learning fit and value foci of the evaluation.

Student behavioural and biometrical data: Visual attention and affective
behaviour in a learning platform such as iMuSciCA can have both positive and
negative effect on students’ learning. By investigating student gaze patterns and eye
movementswhen interactingwith the iMuSciCAweb platform activity environments
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we can capture precise information about how discoverable or attention-grabbing
visual elements such as navigation structures, screen graphics, links, text, or multi-
media content are to the participants. Furthermore, confusion, frustration, boredom,
as well as other affective states are elicited in response to the students’ interaction
with the iMuSciCA platform and they are inextricably bound to learning by affect-
ing students’ perceptions of the iMuSciCA environment and changing howwell they
learn from it. Towards this end, in order to assess student behaviour, we shall employ
the following monitoring mechanisms.

Eye tracking is the recording of eye position (gaze point) and movement on a
2D screen or environment based on the optical tracking of corneal reflections. Eye
tracking reflects visual attention as it objectively monitors where, when, and what
respondents look at. Furthermore, eye tracking devices can record the dilation and
constriction of the pupil, which has been found to correlate with emotional arousal
and cognitive workload (Costa and Rudebeck 2016). Eye tracking therefore can be
used to validate and complement GSR measurements.

Facial expression analysis is a non-intrusive method to assess both emotions (sub-
tle movements in face muscles, mostly subconscious) and feelings (accompanied by
clearly noticeable changes in facial expression). While facial expressions can mea-
sure the valence of an emotion/feeling, they cannot measure the associated arousal
(Martinez and Valstar 2016).

Electrodermal activity (EDA), also referred to as galvanic skin response (GSR),
reflects the amount of sweat secretion from sweat glands in the skin. Increased
sweating results in higher skin conductivity.When exposed to emotional stimulation,
people “sweat emotionally”—particularly on forehead, hands, and feet (Boucsein
2012). GSR measurements can be taken with lightweight and mobile sensors, which
makes data acquisition very easy.

Electroencephalography (EEG) is a neuroimaging technique that measures elec-
trical activity on the scalp. EEG shows which parts of the brain are active during
task performance or stimulus exposure. It analyses brain dynamics of engagement
(arousal), motivation, frustration, cognitive workload and other metrics associated
with stimulus processing, action preparation, and execution (Chaouachi et al. 2011).
EEG tracks stimulus-related processes much faster compared to other biometrics
sensors.

User analytics recorded by the iMuSciCA system will provide information about
the students’ interaction with the learning environment.

7.5.1 Usability Evaluation

The usability testing of the iMuSciCA learning environment aims to direct the user-
centred development process of the iMuSciCAworkbench activity environments and
tools. The process involves both user groups, i.e. teachers and students, and the test
goals are related to the users’ experience and the examination of certain features
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of the activity environments of iMuSciCA. In particular, the testing evolves around
specifically designed tasks of the activity environments under consideration.

The 5Es criteria (Efficient, Effective, Engaging, Error tolerant, Easy to learn)
are used to shape the measurements of the usability studies (Barnum 2011). The
5Es are going to be measured and inferred from the observations and answers to
questionnaires using the following techniques:

Efficient: Can users find the information they need to complete tasks without
assistance?Measure how long each task takes to be completed. Examine eye-tracking
data and look for places where screen layout or navigation makes it difficult for the
user.

Effective: Can users perform a process within a predetermined time frame? Go
through the results of each task and measure the frequency of accurate and total
completion of tasks. Look for specific problems and mistakes made by several users
and for any skipped information.

Engaging: Do users rate their experience as satisfying or enjoyable? Do their
comments (and body language) suggest that they are having a positive experience?
Examine the facial/eye-tracking/GSR/EEG data and look for signs that the screens
are confusing or difficult to read. Look for places where the interface fails to draw
users into their tasks.

Error tolerant: Do users experience errors? And if they do, do they recover suc-
cessfully?Create a test case inwhich technical difficulties are likely to happen/appear
and see how well users can recover from these.

Easy to learn: Can users get started right away? Does their ability to perform
improve as they become familiar with the system? Does the system architecture
match their mental model of how they expect the system to work? Control how
much instruction is given to test participants, or ask users to try especially difficult,
complex or rarely-used tasks. Look for places where the on-screen text/icons or
workflow helps or confuses them.

7.5.2 Evaluation of Initial Educational Scenarios
by Teachers and Preliminary Findings

The following educational materials (including educational scenarios, lesson plans,
and concrete learning activities on the workbench) have been developed: 1. Sound
and Tone; 2. StandingWaves and Resonant Frequencies; 3. Let’s Listen to the Thales
Theorem; and 4. Investigating the Monochord.

The evaluation of the Pedagogical Fit and Value as well as of the preliminary
Learning Fit and Value by of the educational materials primarily aimed at:

• familiarising teachers and students with the aims of the STEAM pedagogy;
• assessing the pedagogic and learning value of the proposed Educational Scenarios
and related tools and materials;
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• customising the Educational Scenarios according to the needs of educators, stu-
dents and the curriculum.

Feedback from teachers about the Pedagogical Framework and specific Educa-
tional Scenarios has been collected with the help of a dedicated questionnaire. The
Initial Scenarios Evaluation Tool for Teachers is structured in four sections:

• Personal Information: teachers’ personal and professional background; previous
experience in teaching;Digital Literacy and familiaritywithTechnologyEnhanced
Learning and Teaching (TEL&T); ability to connect the teaching of STEM with
Music;

• Role of Educational Scenarios: concerning the understanding of the pedagogical
framework; the implementation of IBL and interdisciplinary approaches in class;

• Success Criteria of Educational Scenarios: relevance to curriculum; achievement
of declared objectives; usability in real classroom settings; increase in interest and
improvement of student’s STEM performance;

• Evaluation of concrete Educational Scenarios: positive aspects; suggestions for
improvement; rating.

The sections combined statistical ratings with open-ended questions requesting
either written explanations for the quantitative answers or concrete suggestions about
the strengths and weaknesses of the educational materials.

In turn, feedback from students was primarily obtained through Focus Groups
placed at the end of learning activities or longer sessions of exploration of iMuSciCA
Educational Scenarios. The Focus Groups included aspects such as understanding
of the lesson content, clarity of educator’s instructions, experience with Educational
Scenarios and concrete learning activities within, performance and helpfulness of
the iMuSciCA portfolio for the individual and group learning experience and the
interaction between as well as the support received by teachers and students. Finally,
students were asked to describe positive aspects of the sessions and suggest improve-
ments for the learning and teaching iMuSciCA environment.

Next,we report preliminary findings of this evaluation process. Themajority of the
38 participating Science and Music Teachers were Science or Mathematics teachers,
around 55% of whom have a teaching experience of more than ten years. More
than 80% of all teachers describe themselves as relatively experienced in applying
Information and Communication Technologies (ICTs) and e-Learning applications
in class. On the flipside, the participating teachers were at large not experienced in
connecting STEM education with Music.

Overall, the initial Educational Scenarios were evaluated as positive; however, the
Scenario on Standing Waves and Resonant Frequencies gained slightly lower scores
since teachers perceived the concept as too sophisticated to be applied easily with
students in junior high schools.

Experimenting with the Educational Scenarios clearly helped teachers in under-
standing iMuSciCA’s pedagogical framework better. Furthermore, they are perceived
of having high potential to improve the students’ STEM performance. Moreover, the
Scenarios are helpful to (i) increase students’ interest in STEM; (ii) implement IBL
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and (iii) bring interdisciplinary approaches in the classroom. Thus, the majority of
educators are planning to use the teaching and learning environment as well as the
educational materials in their daily teaching in the future.

However, the achievement of their educational objectives and their relevance for
the curriculum and beyond (e.g. through extra-curricular student clubs or summer
camps) should be further improved and reflected in the refined versions of the Edu-
cational Scenarios. During the refinement phase, the authors of scenarios (i.e. iMuS-
ciCA experts) will be supported by High School teachers and external experts. The
authoring teams are encouraged to pay special attention to express more accurately
the educational objectives of each Scenario. In addition, the language should be
simplified, and the educational content should be better adapted to the specific age
group of students. It was also recommended to follow an inquiry-based approach to
teaching and learning more closely.

Finally, a highly diverse range of activity environments have been successfully
integrated within individual Educational Scenarios and the workbench, both posi-
tively affecting the teachers’ satisfaction in using the iMuSciCA service portfolio.

In general, students found the possibility to be working in a digital environment
exciting. This is a well perceived change from the more classical, transmissive Edu-
cational Scenario involving student, teacher, pen, paper and blackboard.

The animations provide a good alternative for them to visualize certain properties
compared to more traditional drawings, which in certain cases have limitations as
they cannot showwhat is really happening. During students’ Focus Groups it became
clear that the general ideas and concepts of STEAM and IBSE were understood and
perceived positively. Students were also able to explain in simple words scientific
concepts as presented in the Educational Scenarios.

‘Hands on materials’ are still considered as a good complement to the proposed
activities on the iMuSciCA workbench. They lift students’ spirits and may serve
as a wake-up call when their attention is dwindling. Whilst many instruments and
experiments can be digitalised, having the actual item or performing the experiment
in real life creates an alternative and complementary way of learning: the interaction
with real instruments sometimes offers something that cannot be achieved by looking
at an animation or digital performance only.

Overall, the iMuSciCA services and tools helped students to meet the objectives
of the prescribed Educational Scenarios, while their interaction with both teachers
and classmates was described as enjoyable and supportive.

7.5.3 Deeper Learning Approach for Learners

The iMuSciCA evaluation metrics was developed to collect “responsive” feedback
from users (Youker 2005; Abma and Stake 2001), i.e. teachers and students, con-
cerning the iMuSciCA’s STEAM pedagogy, so that it can be further improved,
along with the workbench, the scenarios and the lesson plans. In order to reach the
desired results, the evaluation process focuses on the achievement of students’ deeper
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Table 7.5 Deeper learning competencies as used by iMuSciCA (adapted, based on National
Research Council of USA)

Cognitive
(thinking and reasoning)

Interpersonal
(expressing information to others and 
                   interpreting others)

Intrapersonal
(self-management to reach goals)

Thinking critically Working collaboratively Learning to learn
Mastering rigorous 
academic content

Communicating effectively Developing academic mindsets

learning competencies, as opposed to superficial or ‘thin’ learning (Jensen and Nick-
elsen 2008). In particular, iMuSciCA uses the deeper learning framework proposed
by the Hewlett Foundation.5 In view of the iMuSciCA evaluation methodology and
for practical reasons, the Hewlett competencies were classified in the groups shown
in Table 7.5.

According to the Hewlett Foundation, each of the above competencies includes a
series of related outcomes which refer to what “graduate students from high school
should be equipped to”. As iMuSciCAdoes not deal with graduates, but with younger
students (aged from 10 to 18), the evaluation framework focuses on a selection
of these outcomes fitting this target group. The evaluation metrics have also been
developed as follows.

Cognitive and interpersonal competencies

For the evaluation of these competences, the following tools were developed, which
can be implemented after each lesson focusing on one iMuSciCA scenario:

i. Tools for observation including a set of criteria for teachers or external observers.
ii. Guiding questions to lead a students’ focus group.
iii. A short summary report by teachers about the observation and the results of the

focus group.
iv. For the cognitive part: Students’ questionnaires in the form of a test, including

a short self-evaluation by students on content knowledge: the results of the test
can be compared to those of the self-evaluation.

v. For the interpersonal part: Students’ reflection questionnaire with questions for
students that are very similar to those for observers tomake comparison possible.

Intrapersonal competencies

The evaluation tools for interpersonal competencies are applied as a pre- and post-
questionnaire, before and after implementing a series of scenarios in a specific class
(about 8 school hours). Tools similar to those described in points (i) to (iv) of intrap-
ersonal competencies were developed. In addition, a specific students’ motivation
questionnaire was included, based on the ‘Measurement of Motivation with Science
Students’ (Mubeen and Reid 2014).

5Source: Hewlett Foundation (https://www.hewlett.org/strategy/deeper-learning/).

https://www.hewlett.org/strategy/deeper-learning/
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7.6 Conclusion

In this Chapter, we present current developments of the iMuSciCA project, which
proposes a combination of an innovative pedagogical framework and cutting-edge
technologies integrated in a web-based workbench that is addressed to secondary
school students to carry out STEAM learning activities. At the same time, it provides
teachers with modular scenarios that can be adapted to the needs of their students.
The overall approach involves a user-centred development of integrating cutting-edge
technological tools in novel activity environments, innovative pedagogy, educational
scenarios and lesson plans. Learners and teachers are actively involved in assessing
the development of the various facets of iMuSciCA in an interactive way. In addition,
the iMuSciCA evaluation framework includes the application of deeper learning
competencies of students involved in the pilot testing.

The iMuSciCA workbench will be continuously updated with newer versions of
the activity environments and core enabling technologies until the end of the project.
Moreover, further pilot testingwill take place in various settings in secondary schools
in the three countries aiming at measuring the educational impact of iMuSciCA on
students implementing specific educational scenarios. The final version of the iMuS-
ciCA workbench will be publicly available to schools and educators. In addition, the
iMuSciCA project will provide professional development material for teachers and
educators for adopting innovative STEAM teaching methodology.
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Chapter 8
A Case Study of Peer Feedback
as a Continuous Assessment Tool
for Transversal Competencies

Mirjam Neelen, Evangelos Kapros and Eddie Walsh

Abstract This paper describes a mobile application that functions as a professional
development tool by leveraging peer feedback in corporate environments. Specifi-
cally, the focus has been on feedback about specific events where a behaviour around
transversal competencies was evident. The design of the application and the ana-
lytics made the attempt to emphasise the professional development dimension of
peer feedback, as opposed to merely a quantitative performance management one,
and the appropriate aggregation of any analytics so as to avoid any inappropriate
employee “surveillance” effects. Moreover, the paper presents results of three trials
with employees and line managers in corporate environments. The trials confirmed
the hypothesis that ourmethod and applicationwould function positively in combina-
tion with or as an improvement upon traditional performance management methods
and tools, such as annual performance reviews or 360◦ feedback, assuming there is
feedback culture and institutional support in the organisation.

8.1 Introduction

Contemporary organisations are changing and becoming more agile to address mod-
ern business needs. As a consequence, employees are also affected and respond to
this change, thus becoming at the same time a vehicle for change. Transversal com-
petencies, such as communication and collaboration are critical to move across this
fast-paced and continuously evolving work environment. This change is ongoing
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and has been perceived already in 1999, when it was understood that training would
need to reflect these changes, in what was called “21st Century Skills for 21st Cen-
tury Jobs” (Stuart 1999). While competency-based-education is not a new concept1

(Spady 1977), the reappearance of the need to explore it has created opportunities to
re-surface much desirable student-centred pedagogies (Rotherham and Willingham
2009).

Our industry partners2 have expressed the challenge to capture and objectively
assess, analyse, and visualise employees transversal competencies as performed on
the job. Previous research has demonstrated that current approaches, such as tal-
ent and performance management systems—standalone or integrated into LMSs—
and 360◦ feedback generally lead to insufficiently accurate data about day-to-day
employee performance (Akram et al. 2014; Aguinis et al. 2012; Saba 2015).

Assessing transversal competencies is complex for many reasons. For example, in
order to get accurate insight in these competencies, they need to be assessed through
a process that is integrated in the natural workflow. Currently, that is commonly done
through periodic self-rating and rating by others. One of the problems with rating
is that it can be quite subjective. For example, a ‘3’ on a 1–5 Likert scale, or labels
such as ‘Strongly Agree’ or ‘Seldom’ are open to wide-ranging interpretations.

Transversal competencies are also particularly complex to assess because the
behavioural elements are more prevalent than the concrete expertise elements and
these are simply harder to assess as they are often more nebulous and prone to
subjectivity.

In addition, supporting employees in the development of their transversal compe-
tencies is complex as well as they are difficult to acquire and change. One reason is
that transversal competencies mean different things depending on the context (Rob-
les 2012). Furthermore, Eraut (2004) points out that they cannot likely be learned in
formal training settings.

We have designed, built, and evaluated a mobile application for peer feedback and
analytics visualisations that try to address some of the above issues. The application
was evaluated in various authentic workplace environments. The following sections
of this paper describe the design process, the mobile application’s functionality, and
the evaluation as well as its results to date.

8.2 Design Considerations

8.2.1 Iterative Design Process

The design process was highly iterative, and we validated our design with approx-
imately n ≈ 80 participants in total. Various methods were used for validation,

1Papers from the 70s go so far as mapping U.S. efforts to capture competencies during the 20s and
30s back to the operationalisation of WWI (Callaghan 1962; Davies 1976; Neumann 1979).
2http://www.learnovatecentre.org/membership/our-members/.

http://www.learnovatecentre.org/membership/our-members/
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depending on the stage of the design or development. Throughout the design and
development process we iteratively ran two functional tests (with 6 and 20 partici-
pants respectively) and four focus groups (varying from 2 to 8 participants each).

The team3 has also conducted research using the Q methodology to evaluate an
early version of the prototype (with 6 participants). The statements in the Q-set
were formed by designers’ intentions, in this case by the authors. End-users test the
application and rank the statements, according how well they think the statement
is realised in the corresponding feature. Results show different points of view. This
methodology helped the team to understand which features were best—and worst—
implemented and why, and also which features were seen as more critical by users.
These insights facilitated prioritisation in following design iterations.

We have set up several trials to evaluate our designs and hypotheses. One func-
tional trial (to ensure that everything is technically ready for full trials) and two full
trials have been conducted so far (with approx. 12 participants each). Since our trials
include human participants, our team completed a Research Ethics Approval process
with the School of Computer Science and Statistics in Trinity College, the University
of Dublin.

Process aside, the design was additionally informed by the limitations described
below.

8.2.2 Limitations

Some limitations were imposed to the app during the implementation phase due
to technical issues. For instance, since this was the first version of the software
application, we decided to limit ourselves to a mobile app; however, we do plan to
better integrate the tool with employees’ workflows in the future, either as a browser
plugin, or as an extension to collaboration software. Similarly, in this first version of
the project we offer no calendar or contact-list integration. While these limitations
may reduce the usability of the app, we anticipate that they do not affect the validation
of the concept by our end users for the purposes of our trials.

Moreover, the application to date allows for feedback to/from one person at a
time, about one competency at a time. While this may seem limiting with regard to
the functionality and usability of the app, as it is not possible to send a common piece
of feedback to a group about a specific event, it helped the researchers to evaluate
the basic premises of the app. Allowing for multiple people or events would affect
the app design in various ways which are described in the following section.

Another limitation concerned various ethics considerations around feedback in
the workplace. These considerations are twofold: on the one hand the existence of
the phenomenon of the “toxic worker” (Housman and Minor 2015) who may use
peer feedback opportunities to harm rather than improve their workplace, and the use

3The Q methodology team consisted of Stéphanie Gauttier in addition to the authors.
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of performance management as “surveillance” by abusive powerful roles within the
organisation (Ajunwa et al. 2017). A feedback app could potentially facilitate such
behaviours.

The following section describes design decisions which were made in response
to the considerations in this and the previous section.

8.2.3 Design Decisions

The first main design decision that was made was to design and build our peer
feedback professional development tool as a mobile software application (mobile
app). While mobile phones are not always integrated in workplace workflows, they
are practically ubiquitous in organisations where workers would typically undertake
a periodic performance review or a 360◦ feedback process.

The app has two main user interaction paths: (a) send/receive feedback (unso-
licited), (b) send/receive requests for feedback (solicited). In addition, it offers a
view to analytics around the feedback.

Unolicited Feedback:
In what is the most straightforward usage scenario of the app, a peer should be
able to send a piece of feedback to another peer.
To keep feedback actionable, it should be specific and timely, so the design deci-
sion was made that the peers should give feedback about a specific event to
another peer. The recipient can acknowledge they received feedback or reply with
another piece of feedback, but we avoided notes, comments, or any other type
of bi-directional annotation of the feedback, as this feature might result in non-
productive discussions around semantics rather than actual feedback. While there
is room for discussion about semantics, there is no reason why our feedback app
is a more appropriate place for such discussions than traditional organisational
communications channels.

Solicited Feedback:
Moreover, a peer has to be able to request a piece of feedback from another peer.
As above, in order to allow for actionable feedback, the requests are sent to a
specific peer, and are about a specific event. In this version of our design, requests
do not have a time-out window and can be acted upon anytime. Also, all requests
are received and can be acted upon or not, but no ignoring mechanism is put in
place either for an individual request or a sender.

Competencies Analytics:
The feedback generated from the app is mapped by the peers with specific
behavioural statements. To date we use anchors related to UC Berkeley Core
Competencies.4 We have fully deployed 5 Competencies and the correspond-
ing behaviours and anchor statements, but in principle any equivalent framework
could be used in our design.

4http://hr.berkeley.edu/development/learning/uc-berkeley-competencies.

http://hr.berkeley.edu/development/learning/uc-berkeley-competencies
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Moreover, a different set of aggregated feedback analytics are visualised for team
leads and managers; there is no requirement that these be in the mobile app: in
our case, we developed a web-based application for these other roles. These roles
do not have access to the peer feedback text itself, but they do have access to the
competencies, behaviours, and anchor statements around said feedback.

Social Messaging Settings:
In this version of the app we decided to exclude features such as blocking all
feedback from a specific peer, or sending a piece of feedback anonymously. Our
intention was to allow for accountability for and ownership of the sent feedback,
and also observe if the social network of the feedback senders and receivers will
isolate some individuals who may have been “toxic” in their feedback.

8.3 The Peer Feedback App

8.3.1 Use Within an Organisation

Our mobile peer feedback app facilitates an agile peer feedback process that allows
for continuous formative peer assessment of transversal competencies based on near
to real time on-the-job performance.

The process fits into current workflows and supports more evidential feedback
methods to reduce subjectivity in the data. This is achieved through a flipped com-
petency capture process where one can map feedback about day-to-day activities
to behaviours, which are then mapped to competencies. The app uses behavioural
anchors instead of more subjective ratings, ensuring more objective peer assessment
(see e.g. Table8.1). More truthful data on transversal competencies are not only help-
ful for employees but also delivers more accurate data to organisations. Through the
feedback, competency data is captured regularly, analysed and visualised and gives
relevant, timely, and actionable insights to the employee (see Fig. 8.1).

Our mobile peer feedback app truly supports informal social learning, critical
in todays agile workplace. It also acknowledges that this type of learning is highly
contextualised (Tynjälä 2008; Eraut 2004; Eraut and Hirsh 2007) as the feedback is

Table 8.1 Example of triads ‘Competency-Behaviour-Anchor Statement’ for a specific behaviour
(sharing information with others). These triads help describe behaviours objectively and can thus
improve feedback

Competency Behaviour Anchor statement

Communication Sharing information with
others

Shared accurate, timely
information with appropriate
colleagues in the right format

Communication Sharing information with
others

Did not share information with
others when needed, which
often created problems with
the team



160 M. Neelen et al.

Fig. 8.1 High level use case diagram of the mobile peer feedback app. Employees, depicted in a
circle, use the mobile app, which sends data to an analytics platform. The analytics platform offers
output at different levels of granularity, so as to offer aggregate context to an, e.g., manager, while
protecting the personal feedback of individual employees

always event-based; for example it can be based on a meeting or presentation that
just took place.

Peers can request feedback from and offer feedback to each other. The in-app
feedback process acknowledges the many ways employees might (want to) develop
their competencies. For example, they might want to focus on certain competencies
for a certain period of time and request very focussed feedback on those. On the other
hand, they might have strengths or weaknesses that they are not aware of. Peers can
offer feedback at their own initiative to increase that awareness.

Peers explainwhat their teammember didwell or could improve in a free text field.
This makes feedback more concrete and transparent. It supports an open learning
culture. The app also includes a scaffolding model to support effective feedback.
After all, feedback needs to be done ‘right’ to help someone learn and improve
(Hattie and Timperley 2007).

8.3.2 Benefits for Organisations

We have concluded thus far that a mobile peer feedback app used within functional
and/or cross-functional teams supports employee transversal competency assessment
and development and provides accurate business performance analytics.

A mobile peer feedback app recognises the social significance of learning from
your peers in the workplace (Eraut 2004). That is provided that an organisation
supports an open feedback culture and allows the individual employee to own their
feedback data so that they will be more open to improving their performance. This
is a critical assumption for our trials.
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Fig. 8.2 Analytics are
tailored for each user type.
The emphasis on usage
statistics is intended to help
the users focus on the context
of their received feedback
and, thus, on professional
development, rather than on
quantifying the results

Because this is not just about the individual’s transversal competency assessment
and development but also about business performance analytics, we have identified
three user types with different needs. They will therefore receive different types of
analytics (Fig. 8.2).

Employees need to be able to improve their performance based on peer feedback.
Therefore, they need detailed insights into the feedback they receive with regards to
their behaviours. Team leads need to be able to act on identified competency gaps
within their team and therefore need analytics on their team’s competencies. The
business unit owner (e.g. HR) needs to see organisational competency patterns and
gaps.

The app also offers analytics to support conversations, for example between team
members and their team lead. Because the feedback is highly contextualised, there
should never be a focus on ‘numbers’ only.

The quantity and quality of the data is increased by flipping competency capturing
(feedback about day-to-day events or activities is mapped to behaviours, behaviours
are mapped to competencies) which reduces subjectivity and acknowledges the con-
text dependent nature of feedback. The app, within the limitations described in pre-
vious sections, wishes to deliver high quality UX/UI to support more continuous use
as well as an in-app scaffolding model to support effective feedback. This model, as
well as the open and transparent feedback process support an open learning culture
(Fig. 8.3).

8.4 Impact and Results

Participants from the trials have completed a pre-trial survey, and we also con-
ducted post-trial semi-structured interviews (4 team members, 4 team leads) with
the completed-trial organisations. Preliminary findings around the impact of using
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Fig. 8.3 Screenshot of the feedback app. The users select one person to give feedback to, about a
specific event, and then they select an anchor statement that describes the behaviour through a slider
UI component. Finally, through the open text the users can describe the behaviour, either positively
or constructively. Scaffolded helpful information can assist users with how to give useful feedback

the Feedback app were positive and favourable in regards to the design premise.
More specific initial results on learning and performance improvement and feedback
perception are outlined below.

8.4.1 Pre-trial

8.4.1.1 Learning and Performance Improvement

In the pre-trial surveys themajority of teammembers (2 different organisations) indi-
cate that the current performance review process does not help them to understand
their strengths and weaknesses. One of the team leads in the post-trial interview
confirms this. He indicates that current performance reviews are basically salary
reviews; there is no support for professional development or performance improve-
ment. Both team leads see the feedback app as an opportunity to move from task-
and results-oriented feedback to behaviour-focussed feedback. They believe that the
app can function as a catalyst for conversations between peers on their competencies
and that it will be an enabler for having accurate and focussed discussions on profes-
sional development opportunities. However, all interviewees interpret the feedback
app more as a performance review tool than as a learning and development tool.
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8.4.1.2 Feedback Perception

Both pre-trial surveys indicate that the current feedback process is perceived as
unstructured and team members do not give each other focussed feedback. The
majority of team members indicate that they feel capable giving peers feedback and
almost everyone likes receiving it. All interviewees strongly felt that the feedback
app would work in their culture of speaking up and helping each other. They also
said that the app is very quick and easy to use so it will not distract for day-to-day
activities. They indicated that the structure of the app made it easy to use and made
them feel more comfortable giving the feedback.

The pre-trial surveys to the 3 participating organisations are presented below. Out
of the 33 collected responses 32 were complete sets and were used in the analysis.
A summarisation visualisation can be seen at Fig. 8.4 and a correlation matrix of the
responses at Fig. 8.5.

The summary of the survey results clearly demonstrates a dissatisfaction with
current feedback practices. Participants felt that in their organisations they either do
not have a feedback process, or it is not very structured. In addition, the responses
indicated that feedback is sparsely sought or given.However, the participants claimed
to be capable of giving feedback to their peers, and even claimed that they would
like to do so.

Concerning the correlations between the answers, the following were observed.
The Pearson Coefficient r was calculated for the survey (d f = 30, α = 0.5 : r =
0.349, α = 0.1 : r = 0.449) and statistically significant results were found for some
pairs of questions. Specifically, the questions about the sentiment towards the existing
processes present a statistically significant positive correlation, as do the ones about
the comfort, capability, and desire to give/receive feedback.

There is a statistically significant negative correlation in the questions regarding
the frequency of feedback as opposed to either the rating of the current processes, the

Fig. 8.4 Survey responses for all 3 organisations. Answers are on a Likert scale 1–5 where 1 are
negative answers and 5 are positive answers. Here they are grouped into negative, neutral, and
positive responses (top, middle, and bottom row, respectively). Positive answers here sometimes
differ to yes, as in the negatively phrased question I do not like receiving feedback we take the
positive answer to be I like receiving feedback. One can observe dissatisfactionwith current feedback
practices
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Fig. 8.5 Survey response correlations for all organisations. Answers are on a Likert scale 1–5where
1 are negative answers and 5 are positive answers. Statistically significant values of the Pearson
Coefficient r are highlighted (d f = 30, α = 0.5 : r = 0.349)

focus of feedback, or the comfort in giving feedback. Moreover, the pair of questions
regarding the opinion of the current process and liking unsolicited feedback similarly
demonstrates a statistically significant negative correlation.

Apart from the correlation matrix for all the participants, individual matrices for
each organisation were calculated (see Fig. 8.6). The organisation matrices yielded
different patters than the overall matrix, notwithstanding their similarities as they
contributed to the latter.

From these matrices one can clearly see that especially the bottom-right matrix is
quite different in the correlations at replying the survey questions. The difference in
correlation patterns, especially for this organisation is a clear indicator for cultural

Fig. 8.6 Survey correlationsmatrices: a top left, all organisations. b, c, and d, top-right and bottom,
respectively, individual organisations. It is apparent how the individual correlations contribute to the
aggregate ones. The difference in correlation patterns, especially for the bottom right organisation
is a clear indicator for cultural differences between organisations
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differences between organisations with regard to how they understand and treat
feedback.

8.4.1.3 Envisaged Impact by Industry

We have asked our trial partners to share their vision on the envisaged impact of
the peer feedback app on individual employees, organisational performance, and the
learning culture.

—What impact do you expect the mobile peer feedback app to have for individual
employees?

We want to move from results-oriented feedback to behaviour-focussed feedback so that we
can have accurate conversations about performance. (Team Lead 1)

We think this app can help create an open and honest feedback culture, which can increase
an individual employee’s learning. (Team Lead 2)

— What impact do you expect the mobile peer feedback app to have for organi-
sational performance?

Instead of doing performance reviews that don’t usually offer true data, you can spend less
time on this app and get more accurate data. Win-win. (Team Lead 1)

Using the feedback app, we expect to improve team communication, collaboration, and build
leadership skills – all of which are essential in a fast-paced agile environment. (Team Lead 2)

— How do you envision that the mobile peer feedback app will help to create or
enhance the overall learning culture?

The continuous and seamless nature of the app will help the learning culture without putting
strain on individuals. (Team Lead 1)

With this app, we will have an implicit focus on professional development which will help
us to have a learning culture without spending the time explicitly. (Team Lead 2)

8.4.2 Full Trials

Our full trials were conducted in authentic business environments, and lasted from
24 to 66days, depending on the organisation. In addition to research on the app
usability, the trials intend to determine temporal or usage patterns, or networking
effects throughout the usage of the app. Furthermore, we want to explore if the
app helps to gain more insight in behaviours/competencies and can support perfor-
mance improvement. Last but not least, we research if teammembers perceptions on
giving and receiving feedback change over time when they regularly use the
feedback app.

We use a combination of qualitative (pre-trial competency assessment; pre-
trial/post-trial surveys; and post-trial interviews) and quantitative (in-app usage) data
methods to ensure a complete capturing of various aspects of the app usage.
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8.4.2.1 Usage and Usability

The usage activity from trial 1 has shown that the team of 11 participants gener-
ated 89 items of feedback during the 66 working days, while trial 2 of 10 partic-
ipants generated 19 items of feedback in 24 working days (average1 = 1.35 and
average2 = 0.8, respectively; total average = 1.2 feedback items per day).

The breakdown of individual users show a wide distribution of activity between
different team members. The 3 most active users sent 15–20 items of feedback,
averaging approximately 1–2 times aweekwhich is a significant increase of feedback
frequency. The 3 least active users sent 6 or fewer items of feedback. As this was a
trial in a real-world business setting, there was some change in roles and personnel
within the team which will likely account for some of the least active users.

The overall amount of text feedback was weighted significantly in favour of
positive over constructive with 56 positive statements and 10 constructive state-
ments. The popularity of the competencies was as follows:Communication: 35.71%,
Collaboration: 22.22%, Problem Solving: 19.84%, Leadership: 12.7%, Service
Focus: 9.52%. With regard to the UC Berkeley anchors, even though they do
not directly represent a progression on a scale, for the sake of simplicity we
have coded them with values from 1 to 5; their usage popularity within the app
was: anchor4: 58.73%, anchor5: 24.6%, anchor3: 14.29%, anchor1: 1.59%, and
anchor2: 0.79%.

Concerning usability, the team-lead analytics dashboard’s SUPR-Q (Sauro 2015)
score5 is 78.5%, and the scores for the attributes represented by clusters of questions
are: Usability 77.5%, Credibility 70%, Appearance 80% (Loyalty is out of scope in
this context of a short-term trial). The SUS score for the app is 69.7, which, according
to the adjective scale described in Bangor et al. (2009), is characterised as ‘Good’.

8.4.2.2 Social Network Analysis

This usagewas analysedwith regard to its distribution and density per user. Since this
is a peer-feedback tool, the first way this analysis was conducted was by analysing
the networks that were formed when giving and receiving feedback. The density is
0.29, and the average clustering coefficient is 0.318, showing that the participant
connections percentage and extent of interactions is approximately 1 out of every 3
possible interactions.

Three main findings can be reported from the network analysis. First, despite
the small sample, there seems to be a clustering effect. Apart from the clustering
coefficient value of 0.318 which, given that it is the global variable, shows a fair
amount of clustering, one can see in Fig. 8.7 the existence of clusters. These can be
either completely separate sub-groups, such as in the organisation labelled team3,
or clusters that have no immediate neighbours, but are eventually separated after a

5As SUPR-Q is a percentile scoring system, these scores mean that the score is higher than the
78.5% of the benchmarked websites at Sauro (2015).
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Fig. 8.7 Network analysis diagram of the mobile peer feedback app. Node size/colour show the
degree. Even though the sample size was quite small, team6 and team3 formed clans, either strong
ones in team3 or looser ones in team6 (i.e., nodes 110 and 127 have no common direct neighbours)

degree of edge traversals. An example of the latter behaviour is the formation of
separate groups with no immediate neighbours for nodes 110 and 127 in team6
(sub-groups circled in black in Fig. 8.7). This is a significant finding given that this is
a peer feedback tool, therefore edge transversal does not necessarily imply carrying
information: i.e., nodes 106 and 109 independently communicate with 107, but not
necessarily about the same behaviour or attribute; in addition, these communications
do not help node 110 and 127 to independently communicate.

Secondly, despite the popularity of some competencies against others, individual
users can be seen to express different preferences in how they gave or requested
feedback. Some focused on only a few competencies, while others had amore diverse
range of feedback giving. For example, in Fig. 8.8 node 106 can be seen to have
focused on only two competencies, while 107 on all of them. Similarly, 108 and 110
demonstrate the respective behaviours, thus showing that the diversity in behaviour
is not specific to nodes with either high or low degree.

Finally, the same can be said about the anchor selections. Individual preference
seems to be the main factor in the selection of anchor statements when giving
feedback.



168 M. Neelen et al.

Fig. 8.8 Network diagram for different metrics of the mobile peer feedback app. Personal prefer-
ence seems to affect the selection of competencies and anchor statements

8.4.2.3 Post-trial Surveys

The participants in trial 1 were asked to complete a survey post-trial. Due to some
change in the composition of the team during the course of the trial, 7 responses were
gathered from the participants. As shown in Fig. 8.10, the majority of the participants
had a good opinion of the feedback process delivered in the app. In the pre-trial survey
shown in Fig. 8.9, the trial 1 participants expressed an equal number of Poor, Fair
and Good responses with regard to their current feedback process. In general, the
app’s approach was received better than any current approach to feedback and the
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Fig. 8.9 Pre-trial

Fig. 8.10 Post-trial

Fig. 8.11 Pre-trial

participants respondedwell to the new, unfamiliar concept of continuous, event-based
feedback.

Figure8.12 shows that participants agreed that app allows them to give more
structured, focused feedback. Again, when examining the similar pre-trial questions
shown Fig. 8.11, there were more neutral and negative responses with regard to
structured and focused feedback in their existing processes (Fig. 8.13).

Figure8.14 shows the participants were unsure if the app helped with their per-
formance objectives or learning and development. There could be several reasons for
this. The trial ran for a relatively short timeframe in the context of setting learning
and performance objectives which are typically more long-term. Also, as expressed
by the participants in the surveys and interviews, there was a lack of existing support
framework for this within the trial company. At present, the app does not explic-
itly support the setting of organisational learning and performance objectives. More
structured support for allowing team members and managers to define objectives
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Fig. 8.12 Post-trial

Fig. 8.13 Pre-trial

Fig. 8.14 Post-trial

could potentially help with giving the users more support and guidance in these
areas.

The participants’ general perception of giving and receiving feedback remained
largely positive post-trial. In the pre-trial survey, participants expressed positive sen-
timent regarding feedback however, this was largely based on infrequent feedback
given in face-to-face, informal interactions. For many, the usage of the app was
a major change to a documented, continuous peer-to-peer feedback process. That
largely positive responses were recorded post-trial suggests that this method did not
impact on the participants’ willingness to give and receive feedback on a regular
basis. When comparing Figs. 8.15 and 8.16, it shows that participants seemed to be
more aware if they are capable of giving feedback after using the app during the trial
than before using it.
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Fig. 8.15 Pre-trial

Fig. 8.16 Post-trial

8.4.2.4 Text Analysis

With regard to the actual open text of the feedback, the following were observed. The
feedback consists of 1379 words in 64 sentences, with an average of 12.7 words per
sentence. It consists of 12% passive sentences, and it has an overall Flesch Reading
Ease of 54.5 (out of 100), and a Flesch-Kincaid Grade Level of 8.8, which indicates
that a ninth-grader should understand the text.

With regard to following the examples about how to give feedback, some did, i.e.:
— Positive Feedback:

You provided a lot of details through each stories which was great info for the team.

— Constructive Feedback:

You were going fairly fast and maybe allow a pause time for the listener to be able to digest
the information you provided.

While others did not:
— Positive Feedback:

Open badges integration.
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The latter comment did not follow the examples, as beyond giving a status update
on an item that the feedback giver appreciated, the nature of this appreciation is not
explained, thus making it unclear to the feedback recipient if it was positive that the
said integration even happened, or if it was masterfully executed, or if it was the
process of it that was well done as opposed to just the final artefact.

This ambivalence with regard to following the examples could be related to a
playfulness that can be observed when using the feedback tool, as there were 7
occasions where emoticons (such as :-)) where used to display emotions.

8.4.2.5 After-Trial Interviews

The team also conducted interviews in all 3 organisations that participated in the
pre-trial and the trial, after these were terminated. Interviews were taken from 8
individuals, from both roles of team member and team lead.

The interviews identified several common threads across teams and organisations.
Overall the app was usable and many users commented on it as being intuitive:

— the whole layout and everything makes a lot of sense to me I mean it is very intuitive

—Easy enough to use - sliders very handy - picking the actual things you are giving feedback
on or asking for feedback on different criteria like comms collab and all those; clear enough

However, due to limitations of resources and as this is a trial software for a
research project, there were also limitations, especially with having a mobile-only
implementation:

— mobile device is not the easiest thing to be jotting down long paragraphs on

— Asking contract engineers or employees…to implement and install applications on their
own private hardware, that did come up…with more than one individual.

Concerning the actual feedback within the app, some indicative comments from
the interviews were as follows:

—Managers need to be trained in soft skills so that they know better how to give feedback.
We are not prepared for some aspects of our role.

— because of the behaviours you are not going to be overly hurtful or critical. You know,
you do not feel like you are abusing somebody by giving feedback. It is constructive, so.
There is nothing really stopping you in that regard.

With regard to how the tool compares to a traditional performance review, there
was also a variety in responses:

— I really think people would benefit from it (feedback app), because we do not sit down
and talk about behaviour, and the annual review is not about behaviour, it is task driven.

— So in terms of, was it evaluating me, I am not so sure, not within the trial period. I would
not have felt that so much.
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— Not just the annual appraisals that it feeds into. In general you would have your set
team 1-to-1s, weekly, bi-weekly or monthly, different teams do it differently. Those bits of
information are also very useful for a manger of a resource going into those.

Finally, about the relation to professional development:

— People saw value in learning competencies/skills, got team members learning that what
they do relates to competencies/skills, helps me to change my language when I talk to my
team about these things, do not think it was used to drive behaviour change

— Originally, it was to look at finding out which area I need to improve on but, with my ego
talking, to tell other people what they are not doing right. It can be weapon as much as a tool
for growth depending on the frame of mind you are at at the time. None of us went back and
asked questions about feedback, it was I have to do this, just tick the box and I’ve done it. I
gave a little bit of feedback about what went well but it was not really taken on board.

8.5 Discussion

Overall, the results presented above indicate an ambiguity around using feedback in
an organisation: on the one hand some responses demonstrated great variation, but
on the other hand some patterns do exist in replies and behaviours.

Firstly, the design of the app did not seem to affect the outcome of the trial, as
the interviewees found it in general intuitive and the usability score it received was
high. Therefore, despite the fact that some users were reluctant to install it on their
mobile device (which was a known limitation of the trial as opposed to oversight),
the ones who did install it did not report any serious issues.

Moreover, the usage was satisfactory, as there was more than one feedback item
per day on average, and the reading level was adequate. This shows that the users
were committed to this usage and did not take the tool lightly.

From the social network analysis and the interviews it can be seen that managers
may require support in successfully setting up teams for feedback, as they often
operate in an organisation with little to no prior feedback culture, and thus they may
fail to motivate the team to use the tool, or strong clans may develop. However,
the formation of clans in the network cannot be considered an outright negative
outcome, as it may be the case that some teams are structured in a way that facilitates
it. Moreover, the existence of clans is enhanced by our design decision to be able to
give feedback to only one person at a time.

Having said that, the managers may not be the only ones who need support, as
the team members often linked the current inadequate, in their opinion, feedback
processes to their inability to effectively give feedback. A drop in the perceived
comfort in and capability of giving feedback is noted between the pre-trial and after-
trial periods. This is not to say that the app had a negative effect in feedback-giving,
but rather that it increased awareness around peer rating and feedback as a vehicle
for both performance management and professional development.

Finally, the diversity of opinion in the interviews and of behaviours in the social
network analysis can be attributed to the lack of a unified organisational culture
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on these matters, a lack which allows for individual differences to flourish. This
view is enhanced by the otherwise strong correlations we see in the survey results,
where several statistically significant relations appear, despite the small sample. If
the individual differences were not related to organisational culture, then they would
havemost likely also prevailed at the survey, and the identification of cultural patterns
per organisation would have been impossible.

Thus, it is with the combination of the above points that it seems evident that
(a) feedback can potentially support the performance management and professional
development needs of an organisation, (b) but only given the appropriate institutional
support, in both cultivating and encouraging a feedback culture overall and support-
ing individuals in their learning and performance paths, either as team members or
as managers.

8.6 Conclusions

Modern organisations are becoming more agile to address modern business needs.
To be able to move across this continuously evolving work environment, employees
need to develop and apply their transversal competencies more intentionally and
effectively. Employees need regular and contextualised insights into their strengths
and weaknesses so that they can track their competency development on an ongo-
ing basis. Employee competency analytics are also critical for managers in order
to improve performance and facilitate a culture of learning and development within
their teams. This paper has explored some of the challenges of assessing transversal
competencies in the workplace. Transversal competencies are particularly complex
to assess because behavioural elements are more prevalent than expertise elements
and these are often more nebulous and prone to subjectivity. Currently, the most
common approach to assessing transversal competencies is through ratings in per-
formance management systems, for example through 360◦ feedback. However, these
approaches are often infrequent and lead to ad-hoc, decontextualised, and subjective
evidence of an employee’s transversal competency proficiency levels.

In exploring these issues, this paper has presented a novel approach to assess-
ing transversal competencies through event-based, continuous peer feedback. The
feedback process supports more evidential feedback methods by using behavioural
anchors to reduce subjectivity in the data. The approach also allows for subjective
free text feedback, which is supported by a scaffolding model to facilitate effective
feedback. Through the peer feedback, competency data is captured regularly, anal-
ysed and visualised to provide regular insights into abilities and performance for team
members and team managers. The paper has demonstrated how this approach has
been implemented and trialled in real-world settings with existing teams in multiple
companies and presented the findings from this evaluation.

The results demonstrate that team members and team managers alike perceive
continuous peer feedback as an improvement upon existing performance manage-
ment methods. However, interestingly they do not necessarily perceive the app as a



8 A Case Study of Peer Feedback as a Continuous Assessment Tool … 175

performance improvement or learning tool. However, the results of this case study
indicate that there are conditions under which this approach functions successfully,
and these lie within the organisation itself as they need to actively pursue cultivating
a feedback culture in order to avail the benefits in performance improvement.

Some limitations in the evaluation to date give opportunities for further improve-
ment of the approach. The communication of learning analytics related to the feed-
back to different stakeholders, and the exploration of different delivery mechanisms
and platforms for the feedback and the analytics are some future steps for this project.
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Chapter 9
Constructive Learning by Teaching:
Flip-Flop, Peer Evaluation, and Agile
Tooltip: Making and Taking Peer Quizzes
Synchronized with Lecture Screencasts

Jan Stelovsky, Michael-Brian Ogawa, Branden Ogata and Umida Stelovska

Abstract We are introducing the Constructive Learning instructional methodol-
ogy, where students’ comprehension is augmented by active creation of teaching
materials. The premise is that as students create quizzes with questions, correct and
incorrect answers, hints and hint links that lead to relevant resources, they get in
depth understanding of the content presented in a lecture screencast and thus learn
through creating resources for peers and learn from resources their peers created.
Our Flip-Flop online web set of tools supports students in creating quizzes directly
synchronized with lecture screencasts and facilitates instructors’ chores when defin-
ing peer groups and scheduling their quiz-creating and quiz-taking activities. Peer
evaluation is also an integral part of this methodology. In addition, we are introducing
new concepts: the Peer Improvement methodology where learners can suggest—and
are rewarded for—changes to a quiz they just took. Moreover, the Agile Tooltip
component solicits additional feedback from the learners. The collected data can
be used for grading and as a resource pool for future quizzes. We describe a pilot
test of Flip-Flop that showed promising results which included a statistically sig-
nificant increase in task performance and greater engagement in passive homework
assignments including watching videos to prepare for in-class sessions. Finally, we
highlight the vision of how plethora of online quizzes accompanying any textbook,
journal, or lecture may change our concept of education in the future.
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9.1 Introduction

Learning by teaching has been generally accepted one of the best ways for students
to learn for centuries. As of this writing, Google Scholar lists over 7,030 entries for a
search on this topic, which is 1,390 more than in two years ago when our first article
about Flip-Flop was published (Stelovska et al. 2016). A yearly increase of almost
10% in scholarly publications clearly shows that the interest in this arena continues
unabated and there is and will be increased demand for practical applications that
support this idea. Many sources (Duran 2016; Hanke 2012; Goodlad and Hirst 1989;
Biswas et al. 2015; https://en.wikipedia.org/wiki/Learning_by_teaching) discuss the
various pros and cons of learning by teaching: students benefit not only in quantity
of learning in terms of the amount of knowledge gained, but also in the degree to
which they understand the material.

As the theory of learning by teaching proposed the concepts of
Active Learning (https://en.wikipedia.org/wiki/Active_learning; Bishop
and Verleger 2013) and Constructivist Learning (Vygotskii 1978;
https://en.wikipedia.org/wiki/Constructivism_(philosophy_of_education), these
approaches have also seenwidespread acceptance and integration into curricula. Both
of these methodologies prioritize actively involving students in their own education
rather than passively absorbing lectures. These concepts in general and our approach
in particular satisfy most of the levels in all the dimensions of the Bloom’s Taxonomy
of Educational Objectives (https://en.wikipedia.org/wiki/Bloom%27s_taxonomy).

In the traditional model of instruction, students attend lectures in person while
working on assignments at home. The Flipped Classroom (Bishop and Verleger
2013; https://en.wikipedia.org/wiki/Flipped_classroom) builds on these concepts
and reverses this model: students watch lecture videos before class sessions, then
work on exercises and ask questions in class where the instructor is available to
assist them.

While Massive Open Online Courses (MOOC) (Baggaley 2013; Christensen
et al. 2014; https://en.wikipedia.org/wiki/Massive_open_online_course; Vardi 2012;
Hartnett 2013) are often regarded only as means of replacing classroom lectures by
learning from screencasts and lecture recordings on a larger scale, e.g. allowing
students to watch and listen to lectures from around the globe, such resources can
obviously be used in flipped classrooms as well.

The flipped classroom depends on students actually learning the material pre-
sented in the lecture videos. Even if students do watch the videos, there is no guar-
antee that they do so attentively: they may view the lectures in an environment with
distractions or listen to the lecture in the background as they work on other tasks.
If students do not understand the concepts covered in the screencast at home, their
ability to participate in problem solving during the classroom session is constrained
and therefore they learn less from those exercises as well.
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The same problems arise inMOOCcontext: while the students can easily re-watch
a section of a lecture video, how do they knowwhether it is necessary—whether they
understood it or not? Here, an immediate feedback via test questions synchronized at
crucial points within the screencast is an obvious remedy. But even if creating such
quizzes is supported in within the supporting technology, it is unlikely that most of
the instructors will embrace additional quiz-authoring chores.

Therefore we propose that the student peers construct quizzes synchronized
with lecture videos and take the quizzes their peers constructed while watching
screencasts. Our Flip-Flop methodology allows to conduct these activities in a well-
organized fashion during the entire length of the course and offers a complete set of
supporting online tools. In particular, we introduce Peer Improvement, a component
of Flip-Flop that allows the student who just took a quiz to suggest improvements to
all the quiz tasks and their elements.

According to the most recent Fall 2017 report by Hill (2017), 87% of institutions
of higher learning and 91% of student enrollments rely upon a learning management
system (LMS) such as Blackboard (http://www.blackboard.com), Canvas (2018),
Moodle (https://moodle.org), or D2L Brightspace (https://www.d2l.com). None of
these popular school-wide ‘big four’ LMS’s offers quiz editing features for the stu-
dents, records the authored quizzes, or allows taking peer quizzes.While the name of
Quizlet (https://quizlet.com)—another recent commercial LMS—seems to indicate
that quizzes are its core essence, it mainly supports creating study plans, schedul-
ing study sessions, or taking short quizzes to measure progress, and does not focus
on creating peer quizzes. Moreover, Quizlet does not target educational institutions,
and is used almost exclusively in the language learning community. Quiz It!, another
interesting framework that recently won “Best Education Hack” as well as “Best
GoogleCloud PlatformHack” prizes (https://devpost.com/software/quiz-it) attempts
to create quizzes automatically using artificial intelligence to analyze the underly-
ing resources. While quiz-making is offered by some based on video lectures—e.g.
Kahoot (https://kahoot.com), none of these platforms feature the comprehensive set
of features that our methodology proposes. In particular, the Peer Improvement com-
ponent mentioned above is not available in any of the aforementioned environments.

The remaining sections of this article are organized as follows: while Sect. 9.2
introduces the general principles of Flip-Flop, Sect. 9.3 describes the technology
framework that supports these principles. Section 9.4 then describes a study eval-
uating the principles behind the Flip-Flop methodology and showcases the quizzes
that students created. Finally, Sects. 9.5 and 9.6 discuss planned improvements to the
existing software implementation, offer a glimpse of upcoming data analysis efforts,
and highlight the potential impact on education and knowledge acquisition per se.

While this article ismainly based on our contributions to theHCII 2018 conference
(Stelovsky et al. 2018; Ogawa 2018), several sections—in particular Sect. 9.6. The
Vision—cover new ground.
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9.2 Flip-Flop Concepts

While the Flip-Flop approach was devised primarily with the Flipped Classroom
methodology in mind, it can also enhance any MOOC-type of instruction as it adds
a “flop” component to any lecture videos: learners construct quizzes synchronized
with educational screencasts.

In order to create quality quizzes, students must understand the material in the
lecture video. Even when constructing a simple multiple-choice task, the quiz author
has to think of a question that is relevant for the specific screencast segment along
with answer choices whose correctness is not too easy to guess or too hard to answer.
Finding the correct answer is typically straightforward once the student has decided
on a question. However, developing incorrect answers is non-trivial: these incorrect
answers must be incorrect but not obviously so.

Even multiple-choice quizzes can offer features that while being more informa-
tive for the quiz-taking student are more challenging and therefore can bring more
educational benefit to the quiz author. For instance, we propose that each answer
can be accompanied by a feedback that can explain why the answer is correct or
incorrect. In particular, the feedback for an incorrect answer can indicate the likely
misconception that often leads to such incorrect choice. Thinking in terms of answer
feedbacks and how to formulate them concisely brings additional benefits not only
to the quiz author, but demonstrates the pros and cons of the author’s approach to
the peers who take the quiz.

Furthermore, we propose that the author can append a short hint phrase aswell as a
hint link to any question. Formulating a concise hint is quite challenging as the author
should only point the quiz taker in the right direction without giving away the entire
correct answer. The hint link also challenges the author to find the most appropriate
web page online that explains the topic well enough to answer the corresponding
question.

In our versionofFlip-Flop, the answer feedbacks, hints, andhint links are optional.
However, the quiz templates that are automatically added to authors’ channels to
assist with their initial editing chores include several dummy answers each with a
default dummy feedback, a default hint as well as a dummy hint link. While these
dummy elements seem to simplify the student’s work, they need to be deleted if
the author decides to omit them and thus serve as a reminder that it would be more
appropriate to replace them with some substantial content.

When synchronizing tasks with the video, the author can simply opt to limit the
response time to the duration of the corresponding video segment or choose to pause
the video and give the quiz taker a specific time limit to choose an answer. He or she
can also choose whether to show the correct answer after an incorrect answer was
selected.

In addition to multiple-choice questions, we support poll tasks—where there is
no distinction between correct and incorrect answers—as well as “pinboard tasks”
where the author displays text or an image and optionally a link to an external web
page and the quiz-taker does not need to take any action except possibly to click on the
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Fig. 9.1 Taking a quiz: question and answers

link to view such a page. Since the author of the quiz can specify themaximum points
per task and whether the number of possible points decreases with time, correctly
answered questions increase the total score for this quiz and consequently motivates
and rewards students for positive performance.

Since the students also take peer-generated quizzes in conjunction with creating
quizzes, each student has multiple opportunities to engage with the material and thus
assess themselves whether they understand the content.

Since the tightly structured and systematic approach of Flip-Flop does not explic-
itly fit otherwell-documented and researched educationalmethodologies,wepropose
the term Constructive Learning for approaches and technologies that require the stu-
dents to construct teaching materials based on and synchronized with recordings of
educational lessons.

9.3 Flip-Flop Technology

9.3.1 Taking Quizzes

To take a quiz, a student may either navigate directly to a quiz through a notification
email or find the quiz in the list of quizzes that peers have created. A sample Flip-Flop
quiz is shown in Fig. 9.1.

If the quiz taker selects the correct answer, he or she sees feedback indicating that
the choice was correct (see Fig. 9.2).

If the selected answer is incorrect, the feedbackwill indicate this aswell, hopefully
identifying themisconception that the student hasmade and suggesting how to correct
this mistake (shown in Fig. 9.3).

The question in Fig. 9.4 also has a hint for the quiz taker to look at.
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Fig. 9.2 Taking a quiz: selecting a correct answer

Fig. 9.3 Taking a quiz: selecting an incorrect answer

Fig. 9.4 Taking a quiz: viewing a hint



9 Constructive Learning by Teaching: Flip-Flop, Peer Evaluation … 183

Fig. 9.5 Peer improvement: suggested improvements

9.3.2 Peer Improvement

Once the student has finished taking the quiz, he or she enters an editing suitewhere he
or she can page through every task of the quiz just taken and suggest an improvement
to every task component. For instance, clicking on the question for the task displays
an editing field where the student can change the wording or type an entirely new
question text. Similarly, the student can change each of the answers and modify the
feedback for each of the answers, the task’s hint text, and hint link. Figure 9.5 shows
the editing field where the question has been reworded. Notice that the differences
between the original and the edited text of the question are depicted in red and green
colors.

The editing facilities do not stop at just editing the texts. Students can suggest
that another answer is correct rather than the one that the author selected simply by
clicking on its red “x” sign. (Obviously, a green check mark will now indicate the
answer deemed correct.)

Notice that once one or more students take the quiz and suggest improvements,
the next student can select any of the previous improvements (as well as the original
item) and improve it again. Alternately, the student can just click on the check mark
to indicate that he or she approves of that particular item. Such an approval earns
this suggestion item a ‘+ ’. As Fig. 9.6 shows, the ‘+ ’ stars appear next to the ID of
the student who suggested the improvement.

We also automatically feature an evaluation page where the quiz taker clicks on
the star rating for each of the essential quiz components as depicted in Fig. 9.7.

Peer Improvement has numerous advantages. The learner who just took the quiz
and has its tasks fresh in memory can immediately change all the items he or she
found problematic or even judges as incorrect. Note also that only one feedback—the
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Fig. 9.6 Peer improvement: approval

Fig. 9.7 Peer evaluation: star ratings

one associated with the selected answer—is shown during the quiz taking session.
In contrast, all the feedbacks are shown during the Peer Improvement session. Since
we encourage the authors to provide additional information within the feedbacks
such as an indication of what misconception might have led to an incorrect answer,
the student can even learn more in-depth aspects of the subject. Similarly, the Peer
Improvement framework presents all the hints and the hint links which were not
unless the student clicked on the “Hint” button during the quiz, enabling the student
to follow the hint links and learn from these additional resources.

Peer Improvement is also likely to increase the motivation of learners. After all,
improving and even suggesting additional improvements to already posted ones can
be perceived as a challenging opportunity to showcase mastery of the subject. Col-
lecting ‘+ ’ from the peers only adds to the motivation of the student.

Last but not least, the instructor naturally benefits from the Peer Improvement
methodology as the improvements can be showcased in the order of most ‘+ ’ scores
earned. This makes it easy to incorporate Flip-Flop methodology into grading, to
build a prioritized database of quiz tasks that can be used in future tests, and to
promote the applications of online tasks discussed in the Conclusions section below.
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9.3.3 Creating Quizzes

In order to create a quiz with the Flip-Flop authoring tool, a student must first log
into his or her channel—currently on slippah.com—and select the quiz she needs to
create. The initial quiz authoring page is shown in Fig. 9.8.

The left half of the page contains the video and segments for the quiz. The gray
anchors below the video indicate the start and end points of the quiz; this particular
quiz covers the second quarter of the lecture. Between those anchors, green and yel-
low rectangles represent individual question segments: the questionwill be displayed
on the screen during that portion of the video. The student may change the quantity,
placement, and duration of these segments to ensure that the application displays
quiz questions during relevant portions of the video.

The right hand side of the page shows the currently selected question (highlighted
in green below the video), up to five answers with radio buttons to indicate the correct
choice, as well as feedback for each of the answers that can be expanded or hidden
using the text bubble to the right of each answer.

Clicking the light bulb to the right of the question reveals the hint entry with fields
where the author can post the hint link and type in the label for the link as shown in
Fig. 9.9. Since we observed that some students in the Algorithms CS course often
wanted to formulate quiz content with special math symbols and Greek letters used
in the textbook, we have now added a special symbol keyboard pane shown on the
right.

Fig. 9.8 Creating a quiz: authoring tool
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Fig. 9.9 Creating a quiz: editing a hint with hint link and label; symbols pane

9.3.4 Instructor Perspective

Simplifying the chores of the instructors is one of the main objectives of a learning
management system. Given that the Flip-Flop method needs specific scheduling
facilities that are essential for assigning students quizzes to make and take based on
screencasts, a substantial portion of the underlying technology had to be devoted to
providing instructors with (1) a tool for easy review of the work from students, and
(2) with the scheduling tool that subdivides the students into groups and assigns the
quiz authors portions of the corresponding screencasts.

A previous iteration of this application had a standalone website displaying all of
the quizzes for the current course. This page (shown in Fig. 9.10) divided the students
into groups for each quiz, providing links to the lecture video and notes for students
to refer to.

The student assigned to a section of the video is highlighted in blue. Hovering
the mouse over the name of a student brought up a menu of choices that allowed the
quiz authors to send links to their peers who then took the quizzes through this same
interface.

The current version of the scheduling tool helps instructors to define the student
groups, determine the quiz author for a particular segment of a screencast andwhen to
generate the corresponding quiz templates, add them to the channel of each student,
and remind the author once the template is up as well when his or her quiz is due
(see Fig. 9.11).

After students create quizzes, their instructor can easily look through those quizzes
for grading. For example, in Fig. 9.12 we can see the contents of the one quiz that
Samantha Lewis wrote.
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Fig. 9.10 Old scheduling tool

Fig. 9.11 Instructor perspective: creating quizzes

9.3.5 Channels

In the previous version of our software technology, the students had to download a
template of their quiz from the website for the course, integrate it manually within
their ownweb pages, and after they finished authoring the quiz based on this template



188 J. Stelovsky et al.

Fig. 9.12 Instructor perspective: viewing quizzes

they had to return to the web page of the course to choose an item from a menu that
sent an email to the peers who needed to take this new quiz.

In the current version, each student has his or her own channel on the Flip-Flop
web site. A template is now inserted for each new quiz to be authored based on the
schedule of the course. Once the student has created the quiz he or she simply clicks
a button that sends an email to all the peers announcing that the quiz is ready.

9.4 Initial Assessment of Flip-Flop Conceptual Framework

We conducted an initial assessment of the Flip-Flop conceptual framework to deter-
mine its benefits in Computer Science education. We utilized a two-part analysis
focusing on (1) task performance compared to traditional homework assignments,
and (2) its impact on study methods.

9.4.1 Initial Assessment of Flip-Flop

To evaluate the effectiveness of Flip-Flop, we focused on its impact on task perfor-
mance and study approach. The frame used for the study was a computer science
service course that utilized a hybrid approach that included traditional lectures and
online video lectures. Students met in the lecture hall once a week for a 75-min
lecture and subsequently watched an approximately 25-min online video developed
by a faculty member and completed a 10-question quiz based on the video content.
This structure repeated each week with a range of topics including search sets, logic,
financial functions, social computing, security, and information management. Stu-



9 Constructive Learning by Teaching: Flip-Flop, Peer Evaluation … 189

dents also met in the laboratory with teaching assistants twice a week for hands-on
application of the topics covered in the lectures.

9.4.1.1 Data Collection Tools and Procedures

To determine the effectiveness of the Flip-Flop approach, we used an experimental
design to test the effectiveness of the Flip-Flop and original approaches. Students
who enrolled in at least one upper-division course were invited to participate in
the study for extra credit. A total of 14 students participated in the study and were
randomly assigned to the control or experimental group. The control group watched
the video and completed a twenty minute 10-question quiz about the content, while
the experimental group was required to watch the video and develop five multiple-
choice questions with time stamps. After completing the initial activity, both groups
completed a ten minute 5-question quiz based on the final examination questions as
the dependent variable.

After completing the experiment, we conducted two focus group interviews with
the participants to determine if the Flip-Flop approach changed the students’ study
habits. We used a semi-structured interview format to allow the conversation to flow
naturally and include follow-up questions based on responses. The following open-
ended questions served as the interview guide:

• How did you take notes during the video?
• How did you study for the quiz(zes)?

9.4.1.2 Analysis

A univariate analysis of variance using the final examination questions scores was
used to determine the difference in task performance and if the result was statistically
significant. The focus group interview data were coded to identify themes among the
participants’ study habits.

9.4.2 Improving Task Performance with Flip-Flop

A univariate analysis of variance demonstrated a statistically significant difference
(p<0.05)with F�6.25 in final examination questions scores between the control and
experimental groups (Table 9.1). The mean for the control group was 80% and the
experimental group was 94%. Therefore, participants using the Flip-Flop approach
to student performed on average 14% higher than those with the traditional approach.
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Table 9.1 Univariate analysis of variance

Source of
variation

SS df MS F P-value F crit

Between
groups

1.785714 1 1.785714 6.25 0.027915 4.747225

Within
groups

3.428571 12 0.285714

Total 5.214286 13

Fig. 9.13 Sample illustration for information transfer

9.4.3 Changing Study Approaches

The control group (traditional approach) included four themes for study habits. Stu-
dents focused their notes on facts and definitions, copied bulleted lists from slides,
scrubbed the video for slides with text (used the navigation slider to select a section
of the video), and multi-tasked while they watched the video. Several participants
noted that they had the video playing in one window, while they had their email open
in another window. Those students stopped working on their email messages when
they heard or saw an important point to write as study notes.

The experimental group (Flip-Flop approach) indicated that they also took factual
notes. However, they also attempted to understand concepts and develop notes with
illustrations to aid in question development. Figure 9.13 includes an example of
a student illustration to demonstrate how information was transferred. Since they
were required to note the time for each question, their notes were more detailed and
included timestamps next to facts and concepts rather than solely including content.
This helped them to revisit difficult concepts because they knew the location in the
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Table 9.2 Study habits for control and experimental groups

Control (traditional) Experimental (Flip-Flop)

• Factual notes
• Copy bullet points
• Scrub for image content
• Multi-task during video

• Factual notes
• Conceptual notes with illustrations
• Thinking about concepts and misconceptions
• Single-task during video
• Difficulty in creating distractors

video to replay content instead of having to search. The Flip-Flop group also focused
on the task because it required an active approach to note-taking as they prepared
questions compared to the control group who multitasked while watching the video.
Most of the experimental group had difficulty creating appropriate distractor items
for questions and noted that writing distractors took more time than the questions.
The themes for both groups are summarized in Table 9.2.

The initial benefits of the Flip-Flop model are quite promising, as they improved
assessment scores and student note-taking approaches. The students’ notes also
addressed a typical concern about the focus on multiple-choice questions, which is
the importance of developing a conceptual understanding of content. This approach
led students to study concepts rather than facts without additional instruction.

9.4.4 Flip-Flop in CS Courses

Until now, Flip-Flop has only been applied in computer science courses at the
University of Hawaii at Manoa. It was primarily used in the inverted Algorithms
course—ICS 311. We have constructed a web page the showcases the quizzes
that students constructed in Fall 2016 when it was in used for the first time
(http://honza.epizy.com/slippah/questions.html). Figure 9.14 shows the top of this
page and demonstrates that clicking on a question reveals all of its possible answers,
their feedbacks, the hint, and the hint link which when clicked opens the target
resource in another tab. (The hint to the question currently displayed showcases
that some students did take our suggestion seriously that a little humor does not
hurt—even within an algorithms quiz.)

As the tiny size of the scroll thumb in the bottom right of Fig. 9.15 indicates,
scrolling through all of the pages of 5554 student questions is quite impressive in its
own right. However, the reader may appreciate not just the quantity but the quality
of the students’ contributions as most of the quiz tasks are well conceived, well
formulated, and fit well with the screencast topics.

Subsequently, Flip-Flop was also employed in the Algorithms course in Fall 2017
and we are now expanding its use into Data Structures ICS 211, a second-semester
programming course with a total of 86 students. As of this writing, the ICS 211
students this semester have created a total of 464 quizzes with 1410 questions, 4166
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Fig. 9.14 Web page with the quizzes created in an algorithms course—top portion

Fig. 9.15 Web page with the quizzes created in an algorithms course—bottom portion

answers, 2754 feedbacks, and 509 hints. Students were instructed to create their
quizzes with a minimum of two questions with two answers each; on average each
quiz had 3.04 questions and each question had 2.95 choices. Although students were
provided with templates including feedbacks and hints, they did not actively use
these options with 0.661 feedback items per answer and 0.361 hints per question.

Given that the ICS 211 course is a prerequisite for the ICS 311 course, one
interesting option will be to reuse some of the quiz tasks created this semester for
one or more of the quizzes that the ICS 311 students may take to ascertain that they
have the knowledge needed to successfully continue their studies.
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9.5 Conclusions and Future Work

9.5.1 Data Analysis, e.g. Can It Take Less Time?

Naturally, Flip-Flop can collect very detailed and abundant data not only while stu-
dents take a quiz but also while quizzes are created. For instance, our most recent
version of the framework stores the time span an author needed to come up with any
of the task components: question, every answer and every feedback, every hint and
hint link.

Our analysis of the collected data is still in preliminary state. However, we have
developed, for instance, a visualization of the duration of the quiz tasks that allows us
to compare this timing with the segmentation suggested by the template. As Fig. 9.16
shows, A. Hemmings, R. Black, and C. Carr were the only students who used exactly
the same number and timing as the template proposed. (Equally wide rectangles of
alternating grays.) J. Mackenzie and D. McDonald allocated twice as much time to
each of the first two questions than the template suggested butwhileMackenzie added
more time to the last question, McDonald decided to add one more task. We can also
see that K. Davies and J. Peake generated only two questions. Also, several students
have already become familiar with paused type of questions that are indicated by
left-pointing triangles.

While the detailed data analysis is still outstanding, we can cite several com-
ments, critique, and improvement suggestions that students typically voice. In our
experience, while the students usually see and appreciate the benefits of the Flip-Flop
approach, their main objection is that they need to invest more time than in other
classes. Indeed, creating a quiz is at least initially a challenging task. Since we are

Fig. 9.16 Visualization of quiz tasks timing
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now collecting data about how long it takes an author to create a quiz, we will be able
to determine howmuch time it took at the beginning and compare it with the times at
the end of the semester. (Naturally, we expect that the latter times will be shorter not
only because an increased familiarity with the technology itself, but mainly because
of better quiz-making skills.) If the Flip-Flop approach is applied across courses
during several consecutive courses, we would also expect fewer objections and more
appreciation of the acquired benefits.

Our technology, however, could help shorten the time it takes the student to take a
quiz. For instance, students have raised concerns about the time spentwaitingbetween
questions on their quizzes; we could provide a button that skips the remaining portion
of the screencast segment once an answer was selected and start playing the video at
the beginning of the next task segment. Alternately, we could add a scale that allows
the quiz taker to speed up the screencast. Another feasible approach would be to let
the author who creates a quiz from a segment of one screencast to take only quizzes
built from other screencasts so that he or she does not need to view any portion of a
particular screencast twice. While such speedups may please the students, they may
be less appreciated by the instructors—after all, viewing a lecture twice certainly
reinforces the understanding of the subject. Therefore we are inclined to make them
optional within the scheduling tool and let the instructor decide whether they will be
available to the students in his or her course.

We expect that the integration of the Agile Tooltip framework discussed below in
Sect. 9.5.4 will lead to a user-centered approach that gives the students ample chance
to voice such concerns in and even allow them to suggest further improvements to
the entire Flip-Flopmethodology and technology. We expect that such feedback will
offer valuable data that can be analyzed to ascertain the pros and cons of not just the
Flip-Flop methodology but the concept of Constructive Learning as a whole.

9.5.2 Additional Question Types

Our quizzes are currently limited to multiple-choice questions, polls, and pinboard
tasks. Although this has been sufficient thus far, we envision having a wider range
of questions for students to choose from.

Since the questions for Flip-Flop quizzes have been predominantly multiple-
choice thus far, one next step might be to support the selection of multiple answers.
For example, the author of a quiz might instruct his or her peers to select all of the
options that are correct or to draw lines between the pairs of matching answers.

Multiple-choice questions limit students to a finite number of answers, and while
this makes grading the quiz easier it also makes answering the question a matter of
recognizing the correct choice rather than recalling or deducing the correct answer.
Allowing quiz authors to write short response or essay questions would compel
students to generate their own answers rather than selecting from a list of options.
Furthermore, the author of the quiz would have to grade the responses to these types
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of questions, providing the student with the perspectives of his or her peers and
requiring the author to discern whether each written answer is correct or incorrect.

Many domains are more graphically oriented and an answer or feedback purely
in text would take too much space on the screen. Our application currently supports
images in answers, but only as a thumbnail that is displayednext to the text. Improving
support for graphical answers would allow students to click on pictures of answers
rather than text, increasing the versatility of the software.

On the other hand, some fields are heavily text-driven or do not have lecture videos
readily available for use. Although Flip-Flop quizzes are designed for video quizzes,
this system could be adapted to display a document on the left side of the window
while questions and answers appear on the right as students scroll through the text.
In some cases, the software might only display the questions for the quiz when the
instructor does not have any material to synchronize the quiz with.

9.5.3 Improvements to Peer Improvement

Our software currently allows quiz takers to suggest modifications to the text of
questions, answers, feedback, and hints. However, reviewers should also have the
option to propose adding or removing quiz components as well. For example, if
the author did not write feedback for an answer, the student who just took the quiz
should be able to provide the author with some text that the author could eventually
use when updating or revising the quiz.

Furthermore, quiz takers should be able to write comments accompanying their
suggested modifications. This will allow reviewers to not just propose changes but
explain why they would make those changes.

9.5.4 Agile Tooltip

We plan to integrate another novel technology into the upcoming version of Flip-
Flop that we have independently developed to allow users to seek more detailed
help with UI widgets as well as provide feedback such as problems encountered and
suggestions for improving their user experiences. We call this technology “Agile
Tooltip”, as its roots are in one of the main concepts that the Agile Methodology in
SoftwareEngineering has pioneered: involving the customer in continuously defining
and perfecting the software product rather than trying to make exact requirement
specifications up front. The Agile Tooltip concept goes one step further in involving
the end user in this process. It adds two buttons to every tooltip: A “help” button,
typically represented by a “?” question mark icon, and a “feedback” button, typically
depicted as a “thought bubble” icon. Both of these buttons either lead to a page or
displays a dialogue where the user can find help information that is directly related to
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*

Fig. 9.17 Agile tooltip for Flip-Flop

the widget: for instance, an explanation of how this particular widget is used within
a typical workflow.

In the context of Flip-Flop (see Fig. 9.17), the Agile Tooltip will assist the students
while they construct and take quizzes so they can easily seek corresponding help
pages as well as provide feedback about the Flip-Flop technology itself, the quizzes
they take or make, and the screencasts themselves. For example, the tooltip related
to the “Link” entry in the authoring system will lead to the help page that describes
how the student should search for resources on the web that are related to a question,
how to select and copy the web page link from the address bar of the browser, and
how to paste it into the entry field. The advantage of this approach is not just that the
help is targeted to the purpose of the widget, but also that the help pages can provide
additional semantic information: for instance, suggesting that the linked webpage
should not completely answer the question but only help with deriving the correct
answer.

The “feedback” button of the Flip-Flop’s tooltip will display a suggestion page
or dialogue where the student will be able to choose the type of feedback he or she
is providing, the entry field for the suggestion text along with a drag and drop pane
where he or she can submit a screenshot, and an entry field for his or her email. We
intend to support at least the following types of feedbacks:

1. Problems, errors, and suggestions how to improve the functionality and appear-
ance of the Flip-Flop user experience,

2. Problems understanding the help pages and suggestions how to improve them,
3. Problems with the quiz the student is currently taking, and
4. Problems understanding the screencast itself and suggestions how it could be

improved.

Once a student submits a feedback we will record and categorize the suggestions.
The student will receive an automatic “thank you” email. Furthermore, the Agile
Tooltip systemwill allow the instructor and/or teaching assistant to view and respond
to the specific suggestion, for instance, promising to alert the student once the problem
was corrected or the suggestion addressed. Such repliesmay be sent to all the students
in the course to demonstrate that the instructors and developers do care and thus
encourage them to suggest more improvements on their own.

The detailed description of the Agile Tooltip methodology, the corresponding
software framework and the support app, as well as its general applications will
be subject of a future research article we plan to submit to a software engineering
journal.
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9.5.5 AI Support for Flip-Flop and Vice Versa

Artificial intelligence will benefit the quiz authors as it can suggest questions based
on the video content and transcript, correct answers, as well as documents to be
used as hint links. An interesting aspect is that answers with a low confidence level
which are normally discarded by AI frameworks can be well used in multiple-choice
tasks—after all, the author must also invent the incorrect answers.

On the other hand, artificial intelligence frameworks can benefit from the experts’
knowledge while they construct Flip-Flop quizzes. For instance, IBM Watson
requires that a client must first ‘ingest’ documents and then ‘train’ Watson with
questions and correct answers. That is exactly what the hint links and quiz tasks
provide.

Moreover, an AI framework will be able to learn from both correct and incorrect
answers, using feedbacks that explain why an answer is correct or not. In particular,
AI will be able to learn from peer improvements—especially if the ‘peer’ is an expert
instructor.

9.6 The Vision

The Flip-Flop quizzes have several important aspects:

• They are largely subject-independent,
• They are also grade-independent,
• They are language independent, and
• They can be easily translated into various other languages.

Most importantly, a vast number of such quizzes can be stored online, associated
and linked to other online resources. If Flip-Flop and future similar technologies
were widely adopted and enhanced, a vast reservoir of testing resources will become
available.

In particular, an abundance of online quizzes can potentially change how we
perceive testing per se.

As most educators know, when taking a test the primary motivation for students
is to get the minimum sufficient number of points to achieve a desired grade. They
expect that their tests will be corrected by a knowledgeable—if not infallible—in-
structor and that once they took the test they will not be bothered with taking another
test where this knowledge will be required—except maybe on a final test that covers
an entire course. So for most students, taking a test is mainly about the question
“Did I get enough points?” rather than “Did I learn and understand the topic?”. If
students can, however, take a quiz before viewing a lesson screencast or reading a
textbook chapter to ascertain that they know the prerequisites and then take a quiz
after studying the topics to find out how much they learned or whether they should
review the cast or reread the chapter without being stressed about how these quizzes
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impact their grades, their attitudes are likely change. Gradually they may perceive a
test not as a threat but as a positive or even entertaining experience that helps them
to learn a subject and even assess and improve their own learning progress, learning
speed, and learning skills.

There are other advantages that are likely to result from the availability of online
quizzes for an arbitrary subject at an arbitrary time. If there is no time limit on how
long a learner can take to complete a quiz, then the lack of stress is likely to result in
better scores and more satisfactory experience. On the other hand, if a learner can opt
for time limitation, the increased challenge might also prove to benefit the learning
effect. Moreover, online quizzes can become a competitive adventure where learners
attempt to achieve better and better scores and compete. After all, the abundance
of online trivia quizzes (currently 5,350,000 search results on Google) proves that
testing can be very entertaining.

Furthermore, online quizzes can point the learner to resources that are appropriate
for his or her current level of knowledge and learning style. For instance, if a learner
performs miserably on a quiz, he or she can be guided to a learning resource that
is less advanced or covers the topic in simpler terms. Moreover, quizzes may be
constructed in different ways, such as using pictures rather than text. If a student
performs better on the pictorial type of quizzes, he or she can be guided towards
the visually rich presentations of a topic. Similarly, students who answer textual
questions rapidly may learn better from a more abstract description of the subject.

In an ideal world, we are all learners who should be easily able to find out whether
we understand a chapter in a book, an article in a research journal, or even a topic
explained in a Wikipedia web page. Imagine that each article of an encyclopedia
topic had an accompanying online quiz a reader could take before he/she starts
reading it. Then the hint links could be used to point to other articles that explain the
prerequisite topics that need to be covered in order to adequately digest the topic at
hand. Additional quizzes interspersedwithin the article itself could let the readers test
their grasp of each subtopics covered. Finally, at the end a quiz could not only reveal
how well the entire article was understood, but even ask questions about additional
related, possibly more advanced, topics with links that point to follow-up articles that
can be now more easily understood. When quizzes can be taken online without any
adverse consequences—such as a low score or time limit—then our attitude towards
tests could be dramatically changed and we could start viewing tests positively as
instruments that help us to objectively assess our knowledge and learning, and lead us
through a network of knowledge while making it easy to judge whether our learning
is effective, efficient and even entertaining.

Abundance of online quizzes does not benefit only the learners. Making quizzes
is one of the most tedious and time consuming chores of an instructor. Coming up
with a new set of quizzes with new tasks every semester is not easy. Selecting from
numerous quizzes even if they are not constructed by experts but by students and
possibly just improving on their wording is bound to substantially shorten the time
necessary for the instructor to create quizzes. Furthermore, since such improvements
are stored and classified as employed or improved by an expert, the quality of the
quizzes and tasks will undoubtedly improve gradually.
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Instructors and institutions may administer Flip-Flop quizzes on prerequisite con-
tent to verify that students still recall earlier concepts from other courses. The hints
for these quizzes may include links to review sites so students may reacquaint them-
selves with the material if necessary. Much like a traditional quiz, Flip-Flop quizzes
may also be used to check whether students have learned new material at the end of
a module or chapter of a textbook.

Obviously the abundance of quizzes needed to achieve the aforementioned goals
can only be achieved if the Flip-Flop methodologies become widely adopted. We
therefore encourage the readers interested in trying Flip-Flop in their courses to get
in touch with us to discuss howwe could best accommodate their needs and integrate
them within our technology.

Last but not least, an abundance of online quizzes might solve one of the increas-
ingly pressing educational quandaries: how to address copying and prevent plagia-
rism in a time whenmost of the resources, exercises, problems and their solutions are
accessible online. If our students were willing to take dozens of quizzes to prepare
for a test, we should be confident that they have learned the subject well enough.
Given this perspective, we can argue that the more quiz tasks and problem solutions
are uploaded to the internet the less important it will be to penalize students for
copying. Plagiarism may become a historically interesting misdemeanor rather than
an educational felony.
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Chapter 10
Using Animation to Enrich Learning
Experience in Sketch-Based Physics
Tutoring Systems

Salman Cheema and Joseph J. LaViola Jr.

Abstract This work describes the design of a prototype sketch-based physics tutor-
ing system that provides animation support for a range of kinematics problems
including spring systems, pulley systems, motion in 1-dimension, free-fall motion,
projectile motion, kinetic and potential energy problems, and limited cases of equi-
librium problems. Our key idea is to construct animations using a student’s written
answer to a physics problem, providing visual feedback in the given context, thus
enriching the learning experience for the user. The recognition of written physics
solutions and constructing animations from them are challenging research prob-
lems. We discuss design goals for providing animation support, based on analysis of
50 kinematics problems chosen from a physics textbook. We describe the high-level
design of our system and discuss how animations can be generated for several classes
of kinematics problems. We present the results of an informal usability test with five
expert users and conclude with a discussion of the limitations and capabilities of our
system.

10.1 Introduction

Awell designed learning experience is an important aspect of intelligent tutoring sys-
tems. Sketch-based interaction provides the ability to manipulate a computer system
with a stylus. This enables natural interaction andmakes sketch-based user interfaces
strong candidates for intelligent tutoring systems. In recent years, several researchers
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have attempted to use sketch-based user interfaces for education in domains such
as Circuit Analysis (Gennari et al. 2005; de Silva 2007; Zamora and Eyjólfsdóttir
2009), Chemistry (Ouyang and Davis 2011; Tenneson and Becker 2005), Mechani-
cal Design (Alvarado 2000; Kara et al. 2008; Oltmans and Davis 2001), Mathemat-
ics (Anthony et al. 2012; Bott and LaViola 2010; Cossairt and LaViola 2012; Jiang
et al. 2010; LaViola and Zeleznik 2004), Computer Science (Buchanan and Laviola
2014; Kang et al. 2012), and Introductory Physics (Atilola et al. 2014; Cheema and
LaViola 2012; Lee et al. 2012, 2007; Scott and Davis 2013).

Two important aspects of problem solving are writing and drawing.1 Drawing (or
sketching) has important benefits in science education (Ainsworth et al. 2011; Larkin
and Simon 1987; Wai et al. 2009). Larkin and Simon (1987) examine the importance
of visualization and drawing, concluding:

...Diagrams can group together all information that is used together, thus avoiding large
amounts of search for the elements needed to make a problem solving inference...

Diagramming has important advantages for student learning. Diagrams represent
information spatially rather than sequentially (e.g. text), enabling better spatial infer-
ences (Larkin and Simon 1987). Spatial skills have been found to correlate strongly
with improved performance in STEM2 disciplines (Wai et al. 2009). Sketching and
diagramming also tend to increase engagement and improves learning (Ainsworth
et al. 2011).

Sketch-based user interfaces are excellent for providing writing and drawing sup-
port in learning environments because they closely mimic pen and paper for tak-
ing notes and communicating ideas. Sketch-based interfaces are natural and trans-
parent (Abowd 1999), allow users to write mathematics quickly compared to typ-
ing (Anthony et al. 2005, 2007) and may help reduce cognitive load on students
compared to menu-based systems (Sweller 1988, 1994). Anthony et al. (2012) and
Hammond et al. (Atilola et al. 2014) present a good discussion of the advantages of
sketch-based interfaces in the education domain.

Our main research goal is to investigate methods for constructing sketch-based
physics tutoring systems. In order to do so, it is important to understand students’
work flow in scientific problem solving. Alvarado and Lazzareschi (2007) have done
preliminarywork in this area for drawing logic diagrams. Figure10.1 shows the state-
ment of a kinematics problem that can be solved by applying f = ma. Figure10.2
shows a solution acquired from a student for this problem, containing both writing
and drawing. The diagram has been annotated with arrows, distance measurements
and an equation for force. Both parts of the solution are clearly labeled. In part (a),
the equation of motion (x = x0 + v0t + 1

2at
2) is used to get the answer. In part (b),

the student first uses the principle of work done to compute velocity which is used
to reach the required answer. It is also possible to solve part (b) with the equations
of motion (Use v21 − v20 = 2aS to derive velocity).

1Examples of ‘drawing or sketching’ include diagrams and free form art whereas ‘writing’ is
exemplified by handwritten text and mathematics.
2Science, Technology, Engineering and Mathematics.
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Fig. 10.1 Friction problem statement taken from University Physics 13 Ed (Young et al. 2011, p.
129)

Fig. 10.2 A handwritten solution for the kinematics problem presented in Fig. 10.1
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The diagram in Fig. 10.2 depicts the scenario of the assigned problem in a visual
way and was annotated with the information provided in the statement. The student
used physics and mathematics principles to write a series of equations which were
used to compute an answer which was a numeric quantity in both parts. Gener-
ally, physics problems require student to either compute a numeric value, derive a
function, make a decision or verify an equivalence. Solved on paper, a student solu-
tion is static, providing little insight into how the answer affects the given scenario.
Research indicates that when solving mechanical problems, many people report
consciously simulating what would happen (Clement 1994; Johnson-Laird 1998;
Shepard 1978a, b). This indicates a possibility to provide deeper insight into stu-
dents’ solutions by constructing animations out of their solutions, thus enriching the
learning experience. We can further improve the learning experience by providing
rich feedback mechanisms such as the ability to construct graphs or to view the size
and/or directions of scalar/vector quantities associated with motion.

This work describes a prototype tutoring system that makes significant contri-
butions toward our research goal. Students can use a sketch-based user interface to
write down solutions containing diagrams and mathematics. Our system can rec-
ognize different elements of physics solutions in several categories of kinematics
problems. It can then generate parametrized animations from the recognition results.
Users can specify animation parameters in a flexible manner. Our system can also
infer reasonable initial values for unspecified parameters based on the appearances
of simulation objects.

We first address design considerations for pen-based tutoring systemswith anima-
tion support, followed by a review of existing work. We then discuss the interaction
design and provide high level details of system components. We highlight the types
of solutions that can be animated using our system and describe how our approach
can be extended to other domains of physics solutions.

10.2 Design Considerations

Our goal of constructing sketch-based tutoring systems with animation support can
be broken down into the following subproblems:

1. Recognizing the contents of written physics solutions.
2. Constructing animations from recognized solutions.
3. Control and feedback mechanisms to support experimentation and learning.

10.2.1 Recognizing Physics Solutions

A sketch-based tutoring system needs to recognize written physics solutions, parsing
them into mathematical expressions, diagram elements, and annotations for diagram
elements. Each solution is set of digital ink strokes representing either text (words,
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phrases, sentences), mathematics (numbers and equations), or diagrams. There is
considerable variation in writing styles and notation between different domains and
among individual users (Mahoney and Fromherz 2002). Symbols can be written in
different sizes, positions, and orientations. Extracting high-level information from a
sketch is yet harder. Domain knowledge is necessary to correctly recognize a given
solution. It is useful to split recognition into two steps: low-level and high-level. Low-
level recognition may recognize domain agnostic symbols such as text, equations,
shapes, arrows, etc. High-level recognition must infer appropriate meaning from
low-level recognition results. For example, high-level recognition would associate
the variables in recognized mathematical equations with physics quantities and try
to form links between them and recognized diagram elements.

10.2.2 Constructing Animations

Simulating physically accurate behavior in video games (Baraff 1997a, b; Eberly
2003; Millington 2007; Witkin 1997) is a well-studied problem. In such settings,
approximating correct physical behavior is sufficient, rather than supporting high pre-
cision reserved for scientific modeling. Rigid body motion is a very popular method
for modeling Newtonian dynamics. Popular physics engines such as PhysX (2018),
Havok (2018), Open dynamics engine (2018), Newton game dynamics (2018), Cry-
physics (2018) and Bullet physics (2018) all support rigid body dynamics. Rigid
body motion relies on using the second law of motion ( f = ma) in an incremental
way. In each timestep, the net force on each simulation object is computed, followed
by the use of numerical integration to compute changes in velocity and position,
which are used to update the position of the object. Enforcing constraints such as
non-penetration and friction forces during sliding contact can be challenging with
rigid bodies. Alternative methods such as Lagrangian dynamics,3 deformable bod-
ies and penalty-based methods help alleviate some of these concerns but involve
complicated software engineering.

Rigid body motion is simple to engineer and provides good approximations for
several Newtonian physics phenomena such as linear motion, projectile motion,
rotational and angular motion, torque, friction and sliding contact, atmospheric drag,
gravitational effects, kinetic and gravitational potential energy, andmomentum trans-
fer via collision detection and resolution. These qualities make rigid body dynam-
ics a good candidate for covering the animation requirements of physics solutions.
We have explored the use of a customized physics engine to support animation of
physics diagrams in (Cheema and LaViola 2010a, b, 2012). This approach yielded
some promising results but indicated that a single physics engine is difficult to extend
to new domains of physics problems. In this work, we outline a hybrid approach that
uses a system of domain-specific simulation engines to tackle simulation.

3A framework for deriving the specific equations of motion in the presence of particular constraints.
A good introduction is provided in (Eberly 2003).
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10.2.3 Control and Feedback Mechanisms

Physics problems usually require students to either compute a numeric value, derive
a function, make a decision or verify an equivalence. Students are required to reason
about interesting events along the trajectory of objects or are required to predict
behavior in specific scenarios. Providing animation support for these situations can
be tricky, as the entire initial state may not be known. As an illustrative example,
consider a problem where the student is asked to predict the range (R) of a projectile

given an initial velocity (v0) and a launch angle (θ ). The equation R = v20sin2θ
g will

yield an answer. However, more information is needed to simulate this scenario
using rigid body dynamics. To compute net force, we need to know the mass of the
projectile, as well as the magnitude and direction of gravity, both of which are not
specified in either the problem statement or the solution. In this case, if the answer is
correct, the projectile should cover the appropriate horizontal distance. However, the
animation system may have a different notion of distance units from the user (pixels
vs. meters).

This example highlights the importance of controlmechanisms for specifying new
information and/or altering properties of a generated simulation in order to verify
a solution visually. In video games or traditional simulations, this information can
be hand-coded or procedurally generated, but a tutoring system needs to provide
intuitive and effective methods for quickly specifying this information to allow users
to customize their learning experience. The user must be able to specify vector and
scalar physical properties of each simulation element (e.g., mass, velocity, etc), as
well as any global constraints (e.g., gravity, drag coefficient, coefficient of kinetic
or static friction). Additionally, the user must also specify the spatial and temporal
bounds of the simulation. We initially examined 50 kinematics problems4 (Cheema
2014) and came up with three general categories of animation behavior that needs to
be supported for sketch-based tutoring (Cheema 2014). Upon further investigation,
we have chosen to extend these animation categories in the following manner:

Continuous Animation The interesting event is a continuous phenomenon such as
undamped spring oscillation or simple harmonicmotion. The animation runs forever.

Limited Animation The time or position of the interesting event(s) is known before
the simulation starts.

Temporal Events One or more interesting event(s) occur either at specific times
after the simulation starts. For each event, the student may either do a computa-
tion or reason about physical aspect(s) of the specified scenario. If only one event
(at t = t1) is of interest, then the simulation runs from t = 0 → t1. This category
can be generalized as a series of piecemeal simulations (t = t0 → t1 → t2 . . . → tn ,
where ti denotes a time index).

4The chosen physics problems can be viewed at http://www.public.asu.edu/~scheema3/dataset-
description.html.

http://www.public.asu.edu/~scheema3/dataset-description.html
http://www.public.asu.edu/~scheema3/dataset-description.html


10 Using Animation to Enrich Learning Experience … 207

Spatial Events One or more points in the trajectory of a simulation object are inter-
esting (e.g., find change in gravitational potential energy when a marble falls to the
ground from a table). This category can be generalized in a similar manner as Tempo-
ral events, using a series of piecemeal simulations (x = x0 → x1 → x2 . . . xn , where
xi is the position function for a simulation element).

Unknown Events One or more discrete events are interesting during the course of
the simulation (e.g., momentum transfer via elastic collision). Students must make
a decision or do a computation at each discrete event. This event may involve inter-
action of a simulation object with the environment or with other simulation objects.
Usually, the nature of the event(s) is described in the problem statement, but its time
or location is not, making it difficult to model.

It is important to note that constructing simulations is a well studied problem and the
existing body of work provides a rich set of methods for modeling a large number of
scenarios (Eberly 2003;Millington 2007). However, the process of specifying a large
number of simulation parameters is time consuming, requiring users to explicitly list
parameters via a customized interface or via configuration files. Techniques such as
Motion Sketching (Popović et al. 2003, 2000) and Animation Sketching (Moscovich
and Hughes 2001) enable interactive manipulation of simulations in select cases,
allowing animators to quickly construct animations. However, these methods are not
particularly suited to simulations constructed from physics solutions, because they
allow users to sketch motion paths and constraints, using these to infer suitable initial
parameters. In the case of handwritten physics solutions, the primary concern is using
the student’s solution to drive the animation, rather than inferring it. In this work, we
describe methods that can (1) automatically infer some required parameters from a
given physics solution and (2) allow the user to specify the remaining variables using
two simple gestures (Lasso + Tap).

Feedback is an umbrella term for providing useful information to the end user.
Many approaches are possible here, ranging from generating real time graphs to
using visual cues to highlight errors or emphasizing important physics concepts in
action. In our prototype, we provide support for viewing the interplay of physical
properties of simulation elements while the animation is occurring. Our prototype
can also plot physics quantities such as energy and velocity as a time series and uses
visual cues such as arrows to denote direction and magnitude of forces. Finally, the
animation itself can serve as a means of feedback, as a correct solution will generally
lead to an intuitively correct animation.

10.3 Related Work

10.3.1 Sketch-Based Animation Systems

Motion sketching and direct manipulation are popular interaction metaphors to
enable easy animation authoring in the research community (Davis et al. 2008;
Igarashi et al. 2005; Santosa et al. 2013; Thorne et al. 2007). Systems like K-Sketch
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(Davis et al. 2008) allow users to select an object and directly sketch its path, insert-
ing alterations at one or more points in its trajectory. Some systems (Moscovich and
Hughes 2001; Popović et al. 2003, 2000) can infer appropriate initial conditions from
the user’s manipulations. Special purpose applications of motion sketching have also
been developed, e.g., Motion Doodles (Thorne et al. 2007) for sketching character
movements in a 3D scene, and DirectPaint (Santosa et al. 2013) for free-hand paint-
ing and video annotation. These works provide useful insight into how sketch-based
interfaces can be used to author animations, enabling a wide range of animations
from different domains. However, they are not suitable for our research goal for the
following reasons:

1. Methods that require direct manipulation to infer initial conditions are not useful
for us as initial conditions must necessarily come from a student’s solution.

2. Methods enabling manipulation of elements during a simulation to modify sub-
sequent behavior are partially useful because they enable users to test physical
behavior given different parameters.However, for themost part, a physics solution
should drive the simulation behavior.

3. None of the existing methods in this domain use the mathematics in a physics
solution to guide animation behavior.

10.3.2 Sketch-Based Animation in Education

Alvarado (2000), Oltmans and Davis (2001) and Kara et al. (2008) have constructed
systems for sketch understanding in computer aided design, mechanical design and
vibratory systems. These tools can recognize and animate relevant diagrams but
do not allow users to write down mathematics that can influence animation. Scott
and Davis (2013) have constructed PhysInk that allows users to quickly creating
animations via direct manipulation and demonstration of desired behavior. PhysInk
also does not allow users to write down mathematics to guide animation. While the
techniques used in PhysInk have several practical applications, they are not very rel-
evant to our research goal of understanding diagrams and context from a handwritten
solution.

The MathPad2 (LaViola and Zeleznik 2004) system is interesting because (1)
it is domain independent (2) allows for unconstrained sketch input and (3) allows
users to explicitly associate equations with diagrams to guide animation behavior.
However, MathPad2 is difficult to use because it includes no domain knowledge and
thus cannot infer context or missing information. Additionally, users must specify
all aspects of animation through hand-written mathematics. CogSketch (Forbus et al.
2011) is another sketch-based system that emphasizes conceptual labeling of sketches
by its users. While CogSketch permits unconstrained sketch input and aims to aid
development of sketch-based educational software, its focus is very broad, ranging
from investigating cognitive aspects to running simulations. This makes it unsuitable
for our goals, as it lacks the focus on understanding student solutions automatically
and providing visual feedback.
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Newton’s Pen (Lee et al. 2007), Newton’s Pen II (Lee et al. 2012), and Mechanix
(Atilola et al. 2014) are important sketch-based systems targeted at the domain of
Statics. Newton’s Pen (Lee et al. 2007) and Newton’s Pen II (Lee et al. 2012) focus
on drawing free body diagrams and writing equilibrium equations. Both do not use
animation or allow unconstrained sketch input. Instead, users must adhere to a partic-
ular work flowwhile sketching diagrams. Additionally, diagrams and equations must
be drawn/written in separate pre-defined areas. Newton’s Pen II (Lee et al. 2012) also
describes an interesting method based on Hidden Markov Models (HMM) to correct
errors in recognized equations. Mechanix (Atilola et al. 2014) is a tutoring system
for statics that allows students to sketch truss and free-body diagrams. Mechanix is
a deployed system and has been thoroughly user-tested, with encouraging results. It
allows instructors to easily author and assign new problems to students via a web-
based interface. Students solve assigned problems via a sketch-based interface. If a
diagram is incorrect, the student canmake corrections until it matches the instructor’s
correct solution (Field et al. 2011). While Mechanix allows students to sketch draw-
ings in an unconstrained manner, it is focused on a very narrow domain, and does not
support handwriting recognition. Students must enter the values for different labeled
forces via a text box. While Mechanix provides useful feedback and hints, it does
not provide any animation of sketched diagrams.

We have explored the use of 2D rigid body simulations for physics tutoring, con-
structing a prototype system called PhysicsBook (Cheema and LaViola 2012), which
extended earlier work (Cheema and LaViola 2010a, b). The first prototype (Cheema
and LaViola 2010b) was a simple proof-of-concept system, capable of recognizing
simple physics solutions and used a customized 2D rigid body physics engine to ani-
mate diagrams. Users could associate mathematics with components of a diagram to
guide animation behavior. This was extended by incorporating sketch beautification
methods and additional animation capabilities in (Cheema and LaViola 2010a). In
these two systems, animation parameters were limited to physics quantities directly
related to motion such as position, velocity, acceleration and force, defined as func-
tions of time (Cheema and LaViola 2010a). PhysicsBook (Cheema and LaViola
2012) extended this approach by providing recognition support for diagram anno-
tations such as arrows and dotted lines and by using real time data transformations
to enable a richer set of animations for select cases of pulley systems, work done,
kinetic and gravitational potential energy. PhysicsBook’s contributions overlap with
our research goals, but have drawbacks. First, adding animation support for new types
of diagrams was complex due to high coupling within the physics engine. Second,
PhysicsBook focused exclusively on the answer step in the solution, not using any
of the information provided in the problem statement or the rest of the solution.

In this work, we improve upon our earlier methods (Cheema and LaViola 2012,
2010a, b) in the following ways:

1. Use of an animation framework with multiple simulation engines instead of a
monolithic physics engine.

2. Using the problem statement to identify the appropriate simulation engine(s).
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3. Construction of a flexible, 2-stage sketch recognition pipeline that parses a solu-
tion into diagram, annotations and mathematics and uses these to construct a
simulation.

10.4 System Overview

Our prototype tutoring system is able to provide animation support for a range of
problems in kinematics, including spring problems, motion in 1-dimension, free-
fall, projectile motion, kinetic and potential energy problems, and limited cases of
equilibrium problems. Figure10.3 shows the user interface for our sketch-based
tutoring system, which presents a large writing area to the user. Students can solve
problems on the writing area using a stylus. The system tool bar (above the writing
area) provides buttons to trigger recognition and animation. A separate tab in the
tool bar can be used to view graphs of interesting physical quantities. The ‘Scribble’
gesture can be used to erase parts of the solution. Users can scroll down for more
writing space as needed. The system menu above the tool bar can be used to save
and load solutions (along with problem statements) from disk. Figure10.4 shows
an animation generated from the solution depicted in Fig. 10.3, along with a graph
showing vertical displacement over time.

Fig. 10.3 A screenshot showing a physics solution written out using our prototype system
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Fig. 10.4 Screenshot showing the result of recognition and animation for the solution shown in
Fig. 10.3. The included graph shows vertical distance traveled by the box over time. The user can
easily see that the box travels a distance of approximately 0.6 m over 0.35 s, thus verifying the
solution

Our system provides support for animating sketched diagrams containing circles
and convex polygons. These shapes represent diagram elements that may be attached
to pulleys, wires or springs. Shapes can be floating or constrained to move along
a surface (represented by a line segment or a polyline). Initial conditions can be
specified by writing mathematical expressions and sketching annotations such as
arrows and dotted lines. Dotted lines and intervals (parallel dotted lines) also enable
students to indicate a particular event in the simulation or to define a displacement
range.

The ‘Recognize’ button triggers recognition of the solution on the writing area
and constructs an animation which can be run by using the ‘Animate’ button. We
chose this interaction method because studies by Wais et al. (2007) suggested that
users prefer to trigger sketch recognition after finishing their solution. However,
experiments by Bott et al. (2011) have found that users prefer realtime recognition
feedback for mathematics when they are expected to write more than one expression.
We have balanced these competing concerns by running the math recognition engine
(based on (Zeleznik et al. 2008)) in our prototype continuously, providing real time
feedback as the user is writing. If needed, this behavior can be disabled via a check
box on the tool bar.

Figure10.5 shows the different steps in our recognition system. Complete imple-
mentation details of our recognition system can be found in (Cheema 2014). During
recognition, we use the text of the given problem to identify the problem domain and
select one or more relevant simulation engines for animation. The written solution
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Fig. 10.5 Different stages of our recognition system. The inputs are preprocessed ink strokes
(representing the entire solution), recognition results from the continuously active mathematics
recognizer, and the text of the problem

is parsed in two stages. The first, bottom up recognition stage recognizes shapes,
labels and annotations, which are then implicitly linked with each other using spatial
proximity. Recognized mathematics is implicitly linked with shapes and annotations
using both spatial proximity and label matching. The second, top-down recognition
stage uses the inferred domain of the problem to assign meaning to each recognized
diagram element, which are then assigned to the selected simulation engines. This
approach allows our system to infer initial conditions for simulation elements directly
from the handwritten solution. Any physics properties not inferred by implicit linking
are filled in by the simulation engines themselves, based on the spatial characteris-
tics of each diagram element. We do a beautification step at the end of the top-down
recognition stage that resolves approximate drawings into precisely aligned simu-
lations by (1) ensuring proper contact constraints, (2) clipping connectors (wires,
pulleys, springs) against shape boundaries, (3) beautifying shapes (e.g., axis align-
ment), and (4) modifying physical appearance based on implicitly/explicitly linked
mathematics (An example is shown in Sect. 10.5.4). Our beautification techniques
are based on (Cheema et al. 2012; Cheema and LaViola 2010a).

Implicitly associated equations can be viewed by hovering the stylus over recog-
nized diagram elements. Any associations missed during recognition can be explic-
itly indicated by the user. To make an explicit association, users select mathematical
expression(s) with the ‘Lasso’ gesture and use the ‘Tap’ gesture to link them with
a diagram element. Global variables an be specified by lassoing an expression and
tapping the background canvas instead of a diagram element.
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10.5 Results: Animations of Physics Problems

This section describes how animations and feedback could be generated with our
system for a selected set of physics problems. It is important to note that our system
is not robust enough for a full-fledgeduser evaluation. The examples in this section are
intended to demonstrate the range of physics problems that our system can recognize
and animate.

10.5.1 Example I: 3-Spring System

Figure10.6 shows a box connected to 3 springs of different stiffness. Deriving a
closed-form solution for the box’s motion is non-trivial. It is far easier to sketch the
spring system and view its behavior in real time. The three springs are labeled ‘a’,
‘b’, and ‘c’ by the user, while the box is labeled ‘d’. Upon recognition, the labels
are associated implicitly with each diagram element based on proximity checking.
Similarly, the equations for stiffness and mass are also associated implicitly using
label-matching. The graph in Fig. 10.6 shows the interplay between the kinetic and
potential energy of the box once the system is released from rest. This example
highlights the use of graphing as an important feedback method.

Fig. 10.6 A box suspended using three springs. Deriving a closed-form solution for the behavior
of this system can be difficult whereas generating a simulation is very easy using our prototype
system
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10.5.2 Example II: Change in Gravitational Potential Energy

Figure10.7 shows a free fall problem. A ball of mass m = 10kg is dropped from a
known height. The student is asked to compute the change in gravitational potential
energy after the ball falls 50 m. The student sketches a circle to represent the ball,
and annotates the diagram with an interval (two parallel, horizontal dotted lines) to
indicate limits of displacement. From the given information, the change in potential
energy of the ball is determined to be Pe = 5000 J. Upon recognition, the ball is
replacedbya circle. Thedotted lines are interpreted as an interval. The circle is labeled
‘a’, and the equation indicating mass (ma = 10) is associated implicitly. The student
first selects the expression dx = 50 and associates it with the interval to indicate the
displacement limit. The student then selects the answer, Pe = 5000 with the ‘Lasso’
gesture, associates it by tapping the circle, and triggers the animation. The system
uses the association Pe = 5000 to derive themagnitude of required displacement. The
simulation stops when the required displacement has been covered. If the computed
change in potential energy is correct, the ball will move exactly 50m. If it is incorrect,
then the ball will come to rest either before or after reaching the end level. This
example highlights the usefulness of being able to denote the starting and ending
points of motion by using dotted lines.

Fig. 10.7 A ball of mass 10kg is dropped from a the roof of a building of height 50m. The student
is asked to work out the change in gravitational potential energy of the ball
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10.5.3 Example III: Force and Acceleration

The simple scenario in Fig. 10.8 can be solved with the direct application of f = ma.
A force and acceleration are provided, and the mass must be computed. However, in
this instance, the answer cannot be visually verified in a simple way. If the boxmoves
with a constant but wrong acceleration, a user may not be able to tell the difference.
However, the graphing functionality in our prototype (Shown in Fig. 10.9) can be
used to confirm that the acceleration precisely matches the predicted value.

This scenario is similar to the springs example in Sect. 10.5.1, from an animation
point of view.A set of initial conditions are provided that yield a continuous animation
(no time or distance constraints) and the result can be visually or graphically verified.

Fig. 10.8 Simple problem that requires the use of f = ma
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Fig. 10.9 Animation for the scenario in Fig. 10.8

10.5.4 Example IV: Box in Equilibrium

The solution in Fig. 10.10 depicts a box suspended using two wires, at angles of 60◦
and 40◦ with the horizontal. The student is asked to work out the tension in each wire
such that the box is held in equilibrium. The student derives values of 0.77862wc

and 0.507713wc for the tension in the two wires. After associating the tension with
each wire, the student can hit ‘Animate’. As the tension in each wire is correct, the
box is held in equilibrium. If an incorrect answer for the tension had been derived,
the box would move in the direction of the net force. This would cause one or both
wires to stretch (depending on the direction and magnitude of the net force). If any
wire is stretched beyond 20% of its initial length, it is broken, causing the box to fall
freely.

This scenario illustrates several important issues. First, the answer is given in
symbolic variables rather than in a numeric form. The simulation engine must be
able to find and extract the value of wc at runtime for it to work correctly. Generally,
given a variable and its subscript, the simulation engine must infer the following
pieces of information:

1. The physical quantity represented by the variable.
2. The simulation element to which this physical quantity belongs.
3. The value of said physical quantity at this instant in time.

Second, sketched wires may not touch the box at its exact corners and may also
not make angles of 60◦ and 40◦ with the horizontal. Precise beautification after
recognition and explicit association is required to mitigate these problems. Third,
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Fig. 10.10 Equilibrium problem taken from Young’s University Physics (Young et al. 2011) and
modeled using our system

this problem highlights an important feedback mechanism: “the presence of motion
where there should be none”.

10.5.5 Example V: Coefficient of Kinetic Friction

For Fig. 10.11, the student must work out the correct coefficient of kinetic friction
that will cause a moving ball to stop in a given distance. Several factors affect
the recognition and beautification of this scenario. The line denoting the surface is
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Fig. 10.11 A student is asked to work out the coefficient of kinetic friction μk such that a moving
ball comes to rest after traveling a given distance
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Fig. 10.12 An animation of the friction problem in Fig. 10.11

beautified so that it is perfectly horizontal. The circle is moved so that it is tangent
to the line (to satisfy the touch constraint). The recognized diagram is depicted in
Fig. 10.12. In this scenario, the initial velocity and mass are associated implicitly
while the student must associate the distance and the coefficient of kinetic friction
manually. To do this, they can ‘Lasso’ the dx = 30 and ‘Tap’ one of the dotted lines.
Similarly, selecting μk = 0.0417 and tapping the ball associates the coefficient of
kinetic friction. When the animation is run, the ball comes to rest in the correct
distance. A different value for μk would cause the ball to either stop before the
appropriate distance or to overshoot the distance limit.

10.6 Usability Evaluation

We conducted an informal usability evaluation with five expert users5 to get prelim-
inary feedback about the learning experience provided by our system.

10.6.1 Subjects and Apparatus

Werecruited five participants (2 female and 3male) fromArizonaStateUniversity for
our informal evaluation. The participants were chosen using convenience sampling

5These users all had prior experience with constructing sketch-based systems, and some had hands-
on experience using industry standardmathematics recognition software packages such asMyScript
(2018).
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and were between 26 and 28years of age. All five participants had studied physics
at the university level. Each participant took 30–45min to complete the experiment
tasks. The evaluation was conducted on a Hewlett Packard HP EliteBook 2760p
Tablet PC with an Intel Core i5-2410M CPU (2.3GHz) having four gigabytes of
memory, running Microsoft Windows 7 Professional. The screen resolution was set
to 1280× 800 pixels. We disabled multi-touch capability on the tablet PC for the
evaluation.

10.6.2 Experiment Procedure

Participants were first given an overview of the system’s capabilities. We demon-
strated the problems in Sects. 10.5.1, 10.5.2, 10.5.5. These examples indicate how
to draw shapes and surfaces, as well as the use of supported annotations (arrows,
dotted lines and intervals). We showed users how to associate mathematical expres-
sions with recognized elements in a diagram. Participants were shown how to delete
and redraw elements of their solution by using the Scribble-Erase gesture. Lastly,
they were given an overview of the graphing functionality built into our system.
Before the main experiment, participants were asked to provide five examples of
each supported diagram element. We used these examples to test the accuracy of our
recognition system. The main experiment consisted of two tasks. Participants first
familiarized themselves with the system by drawing a shape connected to a spring
and viewing a graph of a physical quantity of interest. The second task required par-
ticipants to copy given solutions to two solutions to two separate physics problems.
The problems chosen are shown in Sects. 10.5.3 and 10.5.4. Participants were asked
to fill out a user experience questionnaire at the end of the experiment.

10.6.3 Experiment Results

Figure10.13 showsmean likert scale values denoting participants reactions to various
interface elements of our prototype system. Overall, participants were able to draw
line segments and shapes (circles and polygons) fairly easily. The mean responses
in Fig. 10.13 also indicate that it was easy to associate mathematics with drawing
elements, to construct animations and to view graphs. However, participants were
not very satisfied with the recognition performance of our system for helixes, arrows
and dotted lines (also used to draw intervals). No problems involving pulleys were
used in the user study, therefore they were not included in the questionnaire.

For 3 participants, the system frequently misunderstood their ink strokes for
helixes as ‘Scribble-Erase’. Similarly, users sometimes drew arrows with a single
stroke6 and sometimes drew the arrow head far from the shaft such that it did not

6This occurred even though participants were instructed to draw arrows with two separate strokes.
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Fig. 10.13 Mean rankings assigned by participants to different aspects of our prototypes user
interface. Each of these questions used a 7-point Likert scale, where 1 was the most negative
answer and 7 was the most positive answer

Fig. 10.14 Participants overall response to the perceived usefulness and utility of our prototype
system

pass our proximity test. Such occurrences led to poor performance and frustration
among participants while recognizing diagrams. Two participants reported that it
was illuminating to see the interplay between gravitational potential energy and the
box’s displacement in the spring problem (Sect. 10.5.1). One participant reported
that for the problem with the box (Sect. 10.5.3), she could not figure out how the
animation showed if her answer was correct. Participants’ overall responses (Shown
in Fig. 10.14) indicates that despite gaps in recognition performance, participants felt
positively about their experience and felt they would be able to use our prototype to
verify their solutions.

We use two basic shapes (circles and convex polygons) to represent diagram ele-
ments, two different types of surfaces (polylines and line segments) to model sliding
motion, 3 different types of connectors to link shapes (wires, pulleys, and springs),
and four different kinds of annotations (dotted lines, arrows, intervals, andmathemat-
ical expressions) to construct simulations from diagram elements. Our recognition
system achieved a mean accuracy of 85.778% across the data collected from par-
ticipants. The performance of unistroke heuristics was very good (mean accuracy
of 93.6%). The multistroke heuristics did not perform so well (mean accuracy of
76%), indicating a clear area of future work. We plan to investigate better clustering
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methods based on machine learning to improve recognition performance on diagram
elements consisting ofmultiple ink strokes. This avenue has been explored by several
researchers (Peterson et al. 2010; Stahovich et al. 2014) and we may be able to adapt
their findings.

10.7 Discussion

Our prototype lets students work on physics problems in a natural manner. We place
three constraints on student input (a) Only one diagram is permitted per solution
(b) the allowed diagram elements are circles and convex polygons and (c) chained
mathematical steps (e.g., x1 = y1 = 0) are not permitted.7 These are soft limitswhich
can be relaxed at a later time.

One key contribution of our work is the recognition pipeline itself. Our pipeline
uses the text of the problem to infer its domain. A bottom-up recognition step identi-
fies domain-agnostic unistroke and multistroke symbols and performs implicit link-
ing between symbols,mathematics and annotations using proximity-based heuristics.
Finally, a top-down recognition step uses physics knowledge to assign context and
meaning to recognized symbols, their annotations and associated mathematics. The
pipeline ismodular, withwell-defined stages, allowing improvements to each stage in
isolation and minimizing impact on other system components. Our prototype brings
together methods from sketch analysis, natural language processing and rigid-body
dynamics to enable new types of animations.

Animation of sketched diagrams is our most important research goal. Earlier
methods in this domain such as MathPad2 (LaViola and Zeleznik 2004) required full
specification of animation behavior. Our earlier prototype PhysicsBook (Cheema
and LaViola 2012) alleviated this burden by incorporating a customized physics
engine. This freed the user from having to provide a full mathematical description
for animation. However, a monolithic physics engine proved difficult to extend to
new problem domains. Our approach in this work goes beyond existing research by
usingmultiple simulation engines, tailored to particular domains of physics problems.
This method is more modular and extensible than our previous attempts (Cheema
and LaViola 2012, 2010a, b), but poses additional challenges in terms of identifying
problem domains. Specifically, our prototype provides support for the animation
behaviors outlined in Sect. 10.2.3 in the following manner:

Continuous Animation Users define initial parameters by lassoing mathematical
equations and associating themwith recognized diagram elements before animation.
The animation runs until it is explicitly stopped by the user.

7Our recognition mechanism only deduces links between equations and recognized diagram ele-
ments if the equations are not chained expressions.
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Limited Animation

Temporal Events Users indicate a time limit by lassoing an equation for time (e.g.
t = t1) and associating it with the canvas. The animation runs from t = 0 to t = t1
and stops.

Spatial EventsUsers indicate a limit to the motion of an object by using dotted lines
to denote starting and ending points of motion. The animation runs until the moving
object hits the indicated dotted line.

Unknown Events This category is currently unsupported in our prototype.

There is considerable research (See Sect. 10.1) to support the hypothesis that ani-
mation of handwritten diagrams can be useful in student learning. In support of this
hypothesis, we have identified the design requirements for sketch-based intelligent
tutoring systems with animation support in Sect. 10.2. Our prototype system is still
under development. Although our prototype makes significant strides toward the
required functionality, it is not ready for a full fledged classroom trial with pre- and
post-tests for measuring the impact on student learning. Thus far, we have focused on
expanding the range of animation capabilities to include several domains of physics
problems and have built appropriate feedback and control mechanisms in line with
specified goals in Sect. 10.2.3, which in turn were based on our exploratory anal-
ysis of student problem solving in (Cheema 2014). Section10.5 discusses selected
physics solutions to highlight the range and types of animations possible with our
prototype system.

In the absence of a full fledged usability test, we have conducted an informal
evaluation with five expert users to get qualitative feedback on the current learning
experience offered by our prototype, and to solicit suggestions for improvements.Our
informal evaluation clearly indicates the strong potential of animation and graphing
to augment the learning experience in intelligent tutoring systems. Participants in our
usability evaluation responded positively to the sketch-based interaction metaphor
and found graphing and animation to be useful. This finding, while preliminary,
allows us to optimistically conclude that providing animation supportwithin a sketch-
based intelligent tutoring system can have a potentially positive impact on student
learning.

10.8 Future Work

We foresee several avenues of future work. First and foremost, we intend to improve
our prototype’s stability, in order to get it ready for a formal user evaluation, and thus
measure its impact on students’ learning experiences. Second, we want to increase
the number of supported shapes and annotations for representing diagram elements.
This should enrich the learning experience by letting students draw more natural
shapes than circles and polygons for representing objects in physics problems. We
also want to investigate more sophisticated segmentation and recognition methods
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for diagrams, mathematics and text. Our shape and mathematics recognizers are
currently heuristic-based, and may yield better performance with machine learning-
based approaches.

We want to improve the control and feedback mechanisms for sketch-based tutor-
ing systemswith animation support. One of the challenges, as outlined in Sect. 10.2.3
is having to specify a large number of animation parameters efficiently without
impacting the learning experience. Our goal is for students to focus on physics rather
than spending their time worrying about animation parameters. Traditional methods
for specifying parameters via configuration files or manual specification are inade-
quate in our research domain. Our current strategy is to infer implicit relationships
between diagram elements and mathematics in the solution, and use these infer-
ences to extract a large part of the simulation parameters. Lastly, we want to support
new domains of physics problems in our prototype system. This will require us to
write domain-specific simulation engines to provide animation support. Supporting
domain-specific mathematical notations may also require writing new recognizers
for the low- and high-level recognition steps.

10.9 Conclusion

We have presented a prototype sketch-based tutoring system that uses the text of a
givenphysics problemanda student’s solution to construct an animationwhere a large
number of parameters are automatically inferred from the solution. We believe this
improves the learning experience by enabling students to focus on their solution and
seeing how their answers lead to physically correct animation behavior. A range of
domain-specific simulation engines are used to construct animations from recognized
diagram elements. Our system provides support for three different types of animation
behaviors, as well as real time graphing that can be used for visual feedback.
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Appendix A
SkillTrack! Trial Details and Evaluation

This appendix details the process of the SkillTrack! trial. The focus of Chap. 4 is
to explain the framework and design for the self-assessment of 21st century skills,
while the purpose of this appendix is to show the experimental design, usage statistics,
interview transcript quotes and their evaluation. Apart from the evaluation of specific
aspects here, an overall evaluation is offered at Chap. 4.

A.1 Methodology

In regards to evaluating SkillTrack! and the SkillTrack! Teacher Dashboard, themain
goal was to be able to test the application in a way that would provide insight in to the
research objectives, resulting pedagogical recommendations, and technical supports
(usability and data analytics). With these as the requirements, a trial structure was
selected for evaluating the design in use with questionnaires, teacher and students
interviews, providing end-of-use evaluation and overall triangulation.

A.2 Trial

A.2.1 Trial Overview

Prior to trialling, the following were identified as the ideal trial targets:

• School Profile: To be used in secondary schools with 1:1 devices and an interest
in promoting 21st century skills as well as an understanding of what it means to
contribute to research.

• Participants: To be trialled bymultiple teacher (different subject areas) and student
(different year/grade level) participants.

• Use: To be used across the full range of subject areas.
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• Time: To be used for an entire term or academic year so as to fully integrate as
part of regular classroom practice and procedure.

SkillTrack! was trialled in two parts. The first trial was done with three schools of
varying demographics over a short period of time. The second trial was conducted
after recognising the certain challenges within the first trial may have limited the
finding and was conducted in one school for an extended time period (see Trial
Context for specific demographic details).

A.2.2 Trial Limitations

Due to the nature of the trialling environment—a school—there were certain limita-
tions that arose and should be noted inclusive to both Trial 1 and Trial 2.

Firstly, when considering the ideal trial target around school profile (to be used
in secondary schools with 1:1 devices an in interest in promoting 21st century skills
as well as an understanding of what it means to contribute to research) there were
innate limitations in regards to the number of schools in Ireland able to meet this
criteria. This means the pool of possible trial schools was limited from the onset and
that the articulation of this target may have varied across schools.

In regards to the next two ideal trial targets around participants and use, limitations
also arose. Due to varying degrees of technology integration into the actual classroom
as well as factors beyond our control, while an individual teacher may have been
willing to participate in the trial, recruiting multiple teachers with the same level of
investment, interest and skill was challenging. This in turn influenced the number of
student participants: student numbers, as well as the year/grade level of the student,
were influenced by the participating teachers. Additionally, this limited the use of
SkillTrack! across subject areas as—while students would have the ability to use the
app across subjects and classes without teacher’s participating in the trial—teacher
support and permission to use the app was important in supporting trial participants.

The most significant limitation in the trial is around the last ideal trial target, time
(to be used for an entire term or academic year so as to fully integrate as a part of
regular classroom practice and procedure). The basic premise behind successfully
integrating SkillTrack! into an authentic classroom dynamic was that it is meant to be
student-led and unobtrusive to the regular classroom proceedings. To do this, it must
be something that is integrated into a student’s classroom habits (so that it becomes
just another classroom task such as taking notes) and occur over a long period of time
so that the use of it does not overtake classroom instruction. To this point, SkillTrack!
was designed to be trialled at the start of the term. However, due to factors outside
our control in the first trial, trialling with schools was not an option until the end of
March, which only allowed for 2 months of trialling. This prompted the running of
the second trial the following academic year; the second trial offered the opportunity
for a more robust evaluation from the beginning of October until March.
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A.2.3 Trial Context

With the consideration of the above mentioned trial limitations, the first SkillTrack!
trial took place within three secondary schools in Ireland and the U.S.A. starting in
April 2015. Each school dictated the trial parameters (teacher participants, subject
use, etc.) which led to varying demographics, varying incorporation of the trial targets
and varying overall usage of the demonstrator. The second trial took place in a single
secondary school (one of those that participated in the first trial) and ran fromOctober
2015 until March 2016.

The first trial school was a fee paying, all girls school in Dublin, Ireland. While
during initial talks the schoolwas committed to the entire 2nd year class (students and
teachers) using the app, due to conditions that were outside our control the trial was
reduced down to one teacher. 48 1st and 2nd year Junior Cycle students (ages 12–13)
began the trial—with only 22 1st years actively participating—and one classroom
teacher participated in the trial from the 4th of April until the 22nd May 2015 for 4
weeks of use (with a week break for mock exams). Student use was limited to their
e-learning course whichmet once aweek. Students were onboarded by the classroom
teacher and then app usage was integrated into regular classroom studies. Students
accessed SkillTrack! through iOS devices.

The second trial school is a non-fee-paying coeducational secondary school in
County Galway, Ireland. 96 1st year Junior Cycle students (ages 12–13) and three
classroom teachers (though only one followed through) participated in the trial from
the 17th April until the 22ndMay 2015 for 3weeks of use (there was aweek break for
mock exams). Student use was to be across all subjects with specific guidance in the
two subjects (Science and Mathematics) taught by the three participating classroom
teachers. Students were onboarded by the classroom teacher (with the researcher
present) and then app usage was integrated into regular classroom studies. Students
accessed SkillTrack! through Microsoft Surface devices. This school was the sole
trial school in the second trial. The second trial ran from October 2015 until mid-
March 2016 (6 months) and had one teacher participant and 67 student participants
from both 1st and 2nd year (ages 12–15). Student use was to be across all subjects
with the single teacher being the touch point.

The third trial school, is a fee-paying secondary school for dyslexic students
located in the Eastern United States of America. This school was brought in to
the trial in the hope that the systemic differences between the U.S. school system
and the Irish system would allow for certain trial parameters (e.g., varying grade
levels/subject, no culture against assessment, and inclusive design/universal access)
to be met. Additionally, the thought was that an international trial would provide
greater weight to the data collected. 26 students from grades 6th–10th (ages 11–16)
and 12 classroom teachers participated in the trial from the 11th May–5th June for
4 weeks of use. Student use was across six classes a day (Science, Mathematics,
Art/Design, Spanish, History, Literature). Students were onboarded by classroom
teachers and then app usage was integrated into regular classroom studies. Students
accessed SkillTrack! through iOS devices.
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A.2.4 Trial Methodology

Prior to Trialling:

Firstly, in preparing to go to trial with SkillTrack! both times, ethical approval was
sought from the University; given the age group in question, this step was especially
important. From this, to trial SkillTrack!, as stated above, it was first necessary to
look for schools fitting the desirable trial profile who would be willing to take on the
process of the trial.

In pitching the trial to schools, one-to-one meetings were arranged with school
principals and a discussion around the research model for trialling, research ethics,
SkillTrack! as a trial application and the trial process were discussed. Principals were
also shown what was at the time the current version of the application and given a
higher level briefing document for a point of reference.

Once schools agreed to be a part of the trial, principals handed over to a teacher
point of contact and all trial preparation went through that teacher.

Trial:

Students activated their app and teachers onboarded the students. Students began
using the app in class for the designated time frame.

Support was offered to schools, teachers and students as glitches arose. Students
were encouraged to send screenshots of glitches to the research team and contact
was made with the teachers at minimum on a weekly basis (though at the start of the
trial it was on daily basis).

As the trial progressed and the data was monitored by the team, additional help
and feedback was given to the schools with an in-class observation of use scheduled.

Post Trial:

At the close of the trial, group interviews were conducted with participating teachers
and students at the only school able to accommodate this request. Additionally,
questionnaires were given to both the students and the teachers to fill out, with the
students already being preloaded into the app (though these were returned with little
success).

A.3 SkillTrack! User Trail Quantitative Results

A.3.1 First Trial

As described previously, the first user trialling of the Skilltrack! app was carried out
across three schools with a total of 144 students using the app over a period from
mid-April to the end ofMay 2015.Within that time the different schools used the app
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Fig. A.1 Number of interactions by students with the SkillTrack! app per day that were observed,
per school

for different lengths of time. Figure A.1 provides a plot of the number of interactions
by students with the SkillTrack! app per day that were observed. As shown there
was a significant level of usage, which can be seen to have been generally initiated
by teachers as shown by the large spikes in usage. However it is also interesting to
note that there were also lower levels of usage between these spikes indicating that
students were returning to the app throughout the trial period.

As mentioned previously, this trial was quite constrained due to the time of year
that we were able to get the app into the classroom. As a result the students did not
have enough time to progress far enough into the SkillTrack! experience for it to
being to provide real benefits to them and for significant insights to be obtained from
the evaluation. This was one of the motivating factors in carrying out a second trial
that would benefit from being initiated much earlier in the school year and running
for a longer duration that would provide a more authentic context for the evaluation.
As such, the first trial effectively became a beta test for the app allowing us to refine
some aspects of the experience to better meet the needs of the target user group.

A.3.2 Second Trial

Usage Data:

As described previously, the second SkillTrack! user evaluation took place over a
6-month period between October and mid-March 2015. In total 67 students used the
SkillTrack! app over that period across three different classes (two first year classes
and one second year class). However, it was only possible to obtain consent from
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Table A.1 Number of students, total interactions for all students, and average interactions per
student for each class of the trial

Class # Students Total Avg./Student

One 19 2406 127

Two 17 1514 89

Three 14 2589 185

Total 50 6509 130

an appropriate legal guardian for 50 of those students. It is the data from these 50
students that will be presented in this paper. Over the entire evaluation period, 6509
unique interactions by students with the SkillTrack! app were recorded. However,
there was some differences in the levels of usage of the app across the three different
classes. For instance, the 2nd year class was only responsible for 23% of the total
interactions despitemaking up34%of the total trial participants.On average, students
interacted with the SkillTrack! app 130 times each over the trial period but this does
not give a clear view of the differences in usage across the three separate classes,
which, when broken down by class, had averages of 127, 89, and 185 interactions
per student (Table A.1).

Usage of the SkillTrack! app over the trial period is illustrated in Fig. A.2 top. As
shown, there were significant spikes in usage at the beginning of the trial when the
teacherwas guiding the students through the onboarding phase of the SkillTrack! app.
Additionally, there were spikes in usage at the beginning of the new calendar year
when the students returned to classes after the holiday period. However, there was
a relatively sustained level of usage of the app between the initial onboarding stage
in October when the app was first introduced into the student’s classroom activities
and the end of the calendar year. The cyclical pattern of usage in this period is due
to weekends where the students did not use the app. This period of usage is shown
in greater detail in Fig. A.2 bottom. As shown the daily usage in this period does
drop but can be considered consistent with expected usage for the 50 students that
participated. As Skilltrack! is intended to be used intermittently over a sustained
period of time rather than in intense short bursts especially high levels of usage, as
seen in the onboarding stage could be taken as an indication that the students are
being guided in their use of the app by their teacher while the observed usage patterns
are more indicative of self-directed use. Usage of SkillTrack! had almost completely
stopped by mid-March with less than 100 interactions outside of the trial period. By
this stage the trial had technically ended and the teacher was no longer encouraging
students to use the app. Despite the lack of any extrinsic motivation, it is encouraging
to see that some students continued to use the Skill track! app.

As with any group of users the degree to which different students made use of the
SkillTrack! App differed greatly. A significant proportion of the interactions with the
app were carried out by a relatively small group of highly engaged and self motivated
students. Table A.2 provides a grouping of students usage into 4 categories of varying
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Fig. A.2 Top usage of the SkillTrack! app over the trial period. Bottom level of usage of the app
between the initial onboarding stage in October when the app was first introduced into the students
classroom activities and the end of the calendar year. The cyclical pattern of usage in this period is
due to weekends where the students did not use the app
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Table A.2 Breakdown of the
usage activity by the quantity
of students with such activity

Number of interactions Number of students

0–49 4

50–99 22

100–199 16

200–600 8

size. This provides a good illustration of how the students that participated in the
trial tended to fall into distinct categories depending on their usage.

An interesting observation that was made about the usage of the SkillTrack! app
by students was the time of day at which it was used. As might be expected, the
majority of the usage of the SkillTrack! app was during the school day between 9
a.m. and 4 p.m. However, a significant proportion of the observed interactions (22%
or 1436 interactions) were outside of this time period. This can be seen as indicative
of the students being motivated to engage with the SkillTrack! app (Fig. A.3).

Self-Ratings:

One of the most significant features of the SkillTrack! app is the ability for students
to rate their own abilities in each of the five skills over time as they progress through

Fig. A.3 Usage per hour. A significant proportion of the observed interactions (22% or 1436
interactions) were outside of the school day, between 9 a.m. and 4 p.m., period
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Fig. A.4 Student self ratings by skill

the different phases of the experience. Figure A.4 (data from Table A.2) provides a
bar chart plotting students self-ratings, on a 4 point scale fromApprentice toMentor,
across the 5 skills tracked by the app. It might be expected that students at this age
might not have the metacognitive skills to fully benefit from such an experience
and that they would tend to rate themselves highly at everything. However, as the
bar chart shows, students tended to rate themselves using the Developer and Master
rating options rather than going to the extremes.

One of the expected outcomes of the continuous self rating as part of the Skill-
Track! App is that students might initially rate themselves high and for this rating to
dip as students became more aware of the skills and their use of them and finally for
the students ratings to increase again as the students further developed their skills.
The students’ self-ratings by phase, aggregating the ratings for the five skills are pro-
vided in Table A.4 with the percentage of the total number of self-ratings generated
for that phase shown in brackets. The first observation that can be made is that the
number of students that progress through each of the phases diminishes over time
with almost 80% of all ratings in the onboarding phase being completed to only 56%
in phase 1 and so on (50 students by 5 skills means that there would be 250 ratings
per phase if all students completed the phase). Despite this, it can be seen from the
chart that there is a trend towards higher self-ratings as the students progress through
the phases (Table A.3).
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Table A.3 Breakdown of the usage activity by the quantity of students with such activity

Apprentice Developer Master Mentor Totals

Collaboration 3 22 41 8 74

Communication 4 21 37 15 77

Creativity 7 14 35 18 74

Managing information 2 32 33 10 77

Managing myself 2 26 32 12 72

Totals 18 115 178 63 374

Table A.4 Students self-ratings by phase, aggregating the ratings for the five skills. The percentage
of the total number of self-ratings generated for that phase is shown in brackets

Apprentice Developer Master Mentor Totals

On-boarding 13 (6.5%) 77 (38.5%) 80 (40%) 30 (15%) 200

Phase 1 4 (2.9%) 34 (24.3%) 72 (51.4%) 30 (21.4%) 140

Phase 2 1 (3.5%) 4 (13.8%) 21 (72.4%) 3 (10.3%) 29

Phase 3 0 0 5 (100%) 0 5

Phase 4 0 0 0 0 0

Totals 18 115 178 63 374

Qualitative Survey:

Following their use of the SkillTrack! app as part of their day to day classroom
activities, the students were given an online survey to complete. This consisted of
25 questions that were answered using a 5 point Likert scale ranging from Strongly
Agree to Strongly Disagree. The aim of this survey was to gain insight into the
general usability of the SkillTrack! App as well as the student’s perception on how
well SkillTrack! helped them in developing their 21st Century Skills. In total 27
students, whose legal guardian had provided consent, completed the online survey.
The first part of the survey focused on the students experience in using the SkillTrack!
app and how they perceived its effectiveness in terms of promoting skills literacy,
recognition and practice. The bar chart shown in Fig. A.5 provides a summary of
the results from the four questions that make up this first part of the survey. To
simplify their presentation, the students responses have been converted from the 5
point scale used in the survey to a 3 point scale depending on whether the students
responded positively (Strongly Agree or Agree), neutrally or negatively (Disagree or
Strongly Disagree). 66% of students responded positively when asked if they felt that
SkillTrack! Helped them in understanding what the ‘21st Skills’ were with only 15%
responding negatively. This is a good indication that, at least from the perspective of
the students, SkillTrack! did promote skills literacy. The students were then asked
if SkillTrack! Helped them to practice the Key Skills in class. Here 52% of students
responded positively with 26% responding negatively. Given the young age of the
students and the fact that SkillTrack! was being introduced is part of a single subject
and not across all of the students subjects this is still a very positive result. Similar
responses were seen when the students were asked if they felt that SkillTrack! helped
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Fig. A.5 Survey responses

them to get better at the Key Skills and if it helped them to increase their awareness
with only 24% and 22% responding negatively to those questions respectively (the
positive responses were 48% and 59% respectively).

Apart from these SkillTrack!-specific questions, part of the survey was a System
Usability Scale questionnaire, with simplified language to match the age group. The
average SUS score was 61.7, and individual scores varied from 42.5 to 82.5. School
average scoreswere 60.7 and 62.7. As this applicationwas built as a proof-of-concept
demonstrator, this score is satisfactory, as it is in the acceptable range for commercial
applications.

The following section expands further on the effectiveness of SkillTrack! from
a pedagogical perspective through the use of a series of group interviews with the
students who participated in the SkillTrack! evaluation.

A.4 Pedagogical Evaluation

This section of the report evaluates the pedagogical frame used to create SkillTrack!
in regards to the design elementals as well as the overall activity structure of the
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application experience. The evaluation is framed based on the two demographics of
trial participants, the students and the teacher.

This pedagogical evaluation relies on the qualitative data collected from the group
interviews. Individual interviews were done with 21 student participants and one
teacher participant (from Trial 1 and 2 inclusive); group interviews were done at the
trial schools with a random sampling of volunteer students from both a high- and
low-use demographic and a teacher was present at all times.

Specifically, the following lenses, which were laid out in the pedagogical design
section, will be used to view this data:

The pedagogical design elements (premise) of SkillTrack!

1. Vertical and horizontal mobility
2. Not activity specific
3. Integrates into authentic classroom dynamic
4. Activate student literacy
5. Experiential learning
6. Formative assessment.

The four main pedagogical activities within SkillTrack!

1. Onboarding,
2. Skill tagging,
3. Benchmarking tasks,
4. Exemplar stage (exemplar + self-assessment).

Due to the nature of qualitative data, participant responses were categorised under
multiple headings when relevant; please note that anything in italics is a direct quote.
As stated in the previous sections of this paper, two trials were conducted and the
conclusions and findings should be considered inclusive.

A.4.1 Student Interviews

All student participantswere volunteers andwere interviewed in a focus group setting
with three/four of their peers. Based on the age group being interviewed (12–15 years
of age), three general questions were selected to form the base of the interview (What
did you like about SkillTrack!?What did you find challenging/difficult/or did not like
about SkillTrack!? How would you improve it?). Clarifying questions were asked
around these questions as well as follow-up questions to any point students brought
up independently. These same questions were asked at the conclusion of both trials.

As students were not specifically asked to respond to the below categories of inter-
est, their responses occurred authentically and can be used to view their experienced
strengths and weaknesses of the design.
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Pedagogical Design Elements

Vertical and horizontal mobility:

Concerning vertical and horizontal mobility, the pedagogical design of SkillTrack!
was interested in creating an experience that would be able to be used across
year/grade level and content/subject areas.

While no student responses specifically addressed this element, some general
comments can be used to provide insight into this element of design. Specifically,
students spoke on teacher’s support of app usage, and the overall language used in
the app prohibiting their overall use of the app.

Specifically, students spoke on the difficulty of using the app in classes where
teachers were not a part of the trial, stating that it wasn’t easy to use as “teachers think
you’re like doing something you shouldn’t be doing on your netbook”. Additionally,
it was stated that when using the app in these classes where teachers were not a part
of the trial “[teachers] kind of get mad because you can’t be doing something on
your netbook while they’re trying to teach”.

While these comments do not specifically address SkillTrack!’s ability to be used
across subject in regards to the content and experience of the app, it does provide
insight into how the app needs to have teacher support to be successful. This is an
expected finding.

Additionally, students in all focus groups mentioned that the language used in
the app was challenging, difficult and, at times, confusing. Specifically, they stated
that “the phrasing of the words kind of sometimes was a bit confusing” and that
“the wording of the questions was hard”. One student also talked about having the
questions “easier worded for our age I suppose”.

While these comments do not specifically address SkillTrack!’s ability to be used
across year/grade level in regards to concept design, it does speak to the need of
the language used within the app to be tailored to the specific age/year/grade/ability
level. As the app was originally written to be used at Senior Cycle level and was
instead trialled within the Junior Cycle, this is an expected finding.

A preliminary conclusion/finding for this element then is around the need for
teacher support of the app in regards to horizontal mobility as well as the need for
age appropriate language in regards to vertical mobility. As both of these are features
are modifiable, this leads to a tentative finding that supports this design element.

Not activity specific:

In regards to being not activity specific, the pedagogical design of SkillTrack! was
interested in designing an experience thatwould be able to be usedwith any classroom
activity.

As no student responses addressed this feature specifically nor in the abstract
possible conclusions can be made around their understanding of its holistic design;
students did not need to be directed through a specific activity to identify skill usage
nor do they associate skill usage with specific activities. This is an inference based
on the lack of data and beyond this observation, there is not sufficient data to reach
a preliminary finding on this design element.
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Integrates into authentic classroom dynamic:

With regard to integrating into the authentic classroom dynamic, this pedagogical
design element of SkillTrack! was interested in creating an app experience that did
not interfere or prohibit regular classroom instruction but instead extended it into the
space of Key Skill usage.

Within this element, while student response did not specifically address the inte-
gration of the app into the classroom, student responses spoke towards their lack of
experience with self-directing their own learning. As in the comments used under the
horizontal mobility element, here student responses focused on needing assistance
in remembering to use the app.

Specifically, students mentioned liking doing something on their own in class
about class without help from the teacher but that it was hard to remember to use:
“I just think that um, some students just forgot to do it sometimes so maybe if like
they had some type of notification or something to make like to remember to use it
or something”.

With no negative comments about the app integrating into the authentic classroom
experience (students did not have a hard time figuring out how to tag activities, when
to tag activities, how the app related to classroom activities, etc.) and comments
really only highlighting the app moving away from the traditional classroom teacher
dynamic, a tentative conclusion can be made that SkillTrack!, as is, generally fits
within the authentic classroom dynamic and with the addition of reminders (and
teacher support) could be integrated without issue.

Activate student literacy:

One of the underpinning pedagogical premises of SkillTrack! was in creating an app
experience that addressed student understanding, experience, practice and develop-
ment, or overall literacy, of the 21st century/Key skills.

Every focus group specifically—and favourably—addressed this element within
their interviews in response to the question ‘what did you like about SkillTrack!’:

• “Um, I liked SkillTrack! um because it made me understand like to remember to
use collaboration and to, to know how to use self-management and like to be able
to do the Key Skills.”

• “I liked the way it made you figure out what you were using, what Key skills you
were using.”

• “Well usually I’m kind of nervous talking but I found that kinda helped me kind
of get over it like … communication.”

• “Um, I liked the way that, em, you were able to think about what skills you were
using in class.”

• “You have to use your mind…like you use more of them skills.”
• “Made you realize what you were using–you aren’t really thinking until you go in
to SkillTrack! and you realized ’oh, I was using creativity or collaboration…”

• “It made you aware about what the different…like self-management…what it
means…”
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• “Made you think of when you are doing a presentation like are you using creativity
or collaboration.”

Students did mention that “just think[ing] about what you were going to put in–
.which one you were going to pick [was challenging]”, a comment which could be
viewed negatively but is an expected response within this user group considering the
metacognitive premise behind the pedagogical design.

With students commenting specifically on this pedagogical design element, and
in a unprompted and generally positive strain, a preliminary finding can be made
around the app successfully activating student literacy and creating informal learning
opportunities around the skills.

Experiential learning:

In regards to designing an app that would be based in experiential learning, the peda-
gogical design of SkillTrack! was interested in students utilising their own naturally
occurring learning experiences to anchor the app experience and bring about the
explicit recognition of the implicit.

Student responses in support of this pedagogical design element overlap with
those regarding student literacy and centre around “like[ing] the way it made you
figure out what you were using, what Key skills you were using and think[ing] about
what skills you were using in class”.

These comments, while referring to the metacognitive experience of linking the
skills to personal experience, offer no conclusive finding on this design element.

Formative assessment:

A key premise within the design of the SkillTrack! app is that it would offer a
formative assessment experience (as opposed to a summative assessment experience)
that would provide feedback, motivation and a sense of progression to the student
users.

While the original conceptual premise for this formative aspect was not incorpo-
rated into the final design, the use of phases and badges at the end points of these
phases was incorporated into the design as a means of providing intermediate feed-
back. Student response to the badges was favourable with many students stating that
they “liked getting the badges and [were] proud when I got past the different levels”.

Students also like the progression feedback that home page relayed commenting
that “I liked how it showed ya like when you were almost there it had like…yeah the
piechart where it said like you’ve only one to go”. There was also much enthusiasm
around how to develop this portion of the app by expanding it to using badges
more frequent like [having] smaller ones or incorporating stars or coins or points to
motivate students.

A preliminary conclusion/finding for this element then is that badging feature
was considered to be a strong feedback mechanism to the students and that it could
be expanded; additionally, with greater development the badges could have greater
worth in providing feedback on practice and development.
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Pedagogical Activities

Onboarding:

The onboarding pedagogical activity was meant to orient the student users to the app,
the skills in general and the type of thinking needed to use the app with the teacher’s
assistance; it was an opportunity to activate prior knowledge and for teacher’s to both
directly instruct around the skills and model thinking and behaviour.

No student responses referred to the onboarding (beyond those about technical
glitches) or could be umbrella-ed under this heading. This may mean that it was truly
seen as an onboarding experience or that there was nothing within that struck the
users as either positive or negative.

Beyond this observation, there is not sufficient data to reach even a preliminary
finding on this activity.

Skill Tagging:

The foundational pedagogical activity, and design feature, of SkillTrack! is the stu-
dent tagging of skills. This activity supports the majority of design elements and
provides an anchor for the two other app activities. For those comments on the tag-
ging feature, it was the metacognitive portion of the tagging that drew attention as
they “liked the way it made you figure out what you were using, what Key skills you
were using”. Additionally, one student linked tagging to achievement in regards to
liking to “tag and stuff that you done or like achieved that day”.

As this was the main activity student participants engaged with, it seems signif-
icant to note that it was not explicitly stated as problematic or too difficult (in the
cognitive sense) and was even identified as “not being repetitive”. Any negative stu-
dent responses around this activity was more on teacher behaviour—“it is not easy
to do cuz teachers think you’re like doing something you shouldn’t be doing on your
netbook”—than the feature itself.

Based on these responses, a preliminary finding can be made that tagging feature
was simple enough for students to understand as well as to activate their metacog-
nition around the skills. Additionally, as there were no negative comments around
the act of tagging (beyond the teacher allowance of it) it may also be tentatively
suggested that it was an executable and unobjectionable activity.

Benchmarking Tasks:

The secondary activity within SkillTrack! is holistically termed the benchmarking
tasks; this is where students are, after tagging, occasionally given a pedagogically
scaffolded question or task based on their tagging action.

Student responses around these tasks themselves were positive, though, as noted
earlier, there was the feeling that the language used within them was at times too
difficult. Specifically, it was mentioned that they liked “the different questions and
stuff like that…you know you are not just tagging for no reason and that [the ques-
tions] made you think”. Additionally, it was felt that the questions helped students
to know that the app was working and that you were progressing.



Appendix A: SkillTrack! Trial Details and Evaluation 245

In regards to the types of benchmarking tasks, students showed a preference to
those that did not require free text entry as they felt that those questions were harder
(required them to think more).

Based on this, a preliminary finding can be made that students appreciated the
benchmarking tasks but felt that they were at times too difficult (either from the
language used or the type of task free text they were asked to do).

Exemplar Stage (exemplar + self-assessment):

The final activity in the build of the application, the exemplar stage that required an
uploaded picture as exemplar evidence and a self-assessment of the skill, is the last
activity required in each phase.

Primarily, students liked the concept of uploading a picture stating that “I liked
how when we got to the exemplar stage we’d have to upload a picture of the work
we did in class so I think that was very helpful and it makes you feel like you have
a sense of achievement and done”.

However, they did find it just took a while to get to the exemplar stage and that
it was hard to get a photo as “we don’t bring our [devices] everywhere”. There was
also interest in “see[ing] other pictures that people put up”.

Not one student interviewed commented on the self-assessment portion of the
app, even when prompted. This can generally be seen to mean that the students had
no feelings, positive or negative, about this as a task, and accepted it as a part of the
overall experience.

Generally then, based on these responses, a preliminary finding around this ped-
agogical activity is that this activity was both enjoyable enough, and easily accom-
plished.

Conclusion (Students):

In summary, generally in regards to the pedagogical portion of the app, from the
student users point of view, the pedagogical design and activities accomplished what
they intended to (with certain noted reservations).

In all of the evaluated areas, the strongest feedback given was in support of use
of the app activating student literacy of the skills. The strongest drawbacks within
the app design were around the language and the difficulty in using the app without
teacher support.

A.4.2 Teacher Interviews

The teacher in charge of both the first and second trial at the County Galway school
was the sole teacher interviewed regarding the classroom use of SkillTrack! due to
availability limitations. The following questions were used to generally guide the
interview after both trials:

• What did you like about SkillTrack!?
• What do you think the students liked about SkillTrack!?
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• Whatwas challenging about using SkillTrack! From the teacher perspective? From
the student perspective?

• Do you think that there was any change in student understanding of the Key Skills
for those who were using it?

• Was SkillTrack! adaptable to various class activities?
• What would your comments be on the Teacher Dashboard?

Additionally, clarifying questions and follow-up questions were asked.
At the end of the second trial, the teacher was specifically asked to respond to

the pedagogical design elements and activities. Answers from both interviews are
integrated below.

Pedagogical Design Elements

Vertical and Horizontal Mobility:

With regard to vertical and horizontal mobility, the pedagogical design of Skill-
Track! was interested in creating an experience that would be able to be used across
year/grade level and content/subject areas. In regards to the the horizontal portion
of this element, the teacher commented on it being an app that “went across subjec-
t…nothing was subject specific (math and science); nothing limited it, especially as
there is the exposure to skills in multiple subjects”.

When thinking about the intention of the app to be vertically mobile, the teacher
did not speak against the premise but did feel, as did the students, that the language
used within the app was problematic:

So I think the language was too hard for our age group. It would have been ideal for 5th
years, which is three years ahead of us. I think it is probably quite sophisticated language
for our group which I didn’t realise until I introduced it until I showed the app to other staff
members who said ‘whoa, how are they going to use that, they’re first years, it’s really hard,
isn’t it.’ That was the first time I had considered that cuz I was just so like, this is exactly
what we want to be talking about, stretching them, but actually our kids are too young. And I
think that age group lose a lot when it’s reading. And literacy. Actually, that is another thing,
literacy is a big issue with first years.

Additionally, the teacher felt the design of the app could have been more tailored
to the age group:

Yeah, like even if the elements were floating bubbles around the page and they had to pop
the bubbles that they thought were the right ones. That would tie them in a little bit more.
Really simple things like that I think would gain that age group.

As with the student comments, while these comments do not specifically address
SkillTrack!’s ability to be used across year/grade level in regards to concept design,
it does speak to the need of the language used within the app to be tailored to the
specific age, year, grade, or ability level as well as certain design features. As the
app was originally written to be used at Senior Cycle level and was instead trialled
within the Junior Cycle, this is an expected finding.
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Not activity specific:

Concerning being not activity specific, the pedagogical design of SkillTrack! was
interested in designing an experience thatwould be able to be usedwith any classroom
activity. The teacher felt that “students can do it whenever, it’s not even class specific
or about thewhat ofwhat they are doing…it actually doesn’t even have to be academic
it could be extracurricular”.

This series of comments offer a strong validation of this design feature.

Integration into authentic classroom dynamic:

In regards to integrating into the authentic classroom dynamic, this pedagogical
design element of SkillTrack! was interested in creating an app experience that did
not interfere or prohibit regular classroom instruction but instead extended it into the
space of Key Skill usage. Concerning this design element, the teacher said:

The other really good thing about it is how minimal it is in interfering in the class work.
They can either have it totally minimised…I have them pinning it to their start menu so they
always see it. But they literally just have to touch it and it doesn’t interrupt the lesson so I
have no problem suggesting to teachers to encouraging them to use it in their lesson.

This is quite positive in support of this design element.
However, she did note that:

Yeah and so the only other thing that came back with them and challenges is them literally
forgetting or not being used to doing it…If it is not run by every teacher in every class, it
doesnt work actually…if it was done the way you designed it which is over a full academic
school year it would probably become more inherent…And if it was permanently there for
the kids to have it. They would use it all the time. And you know if it was always visible you
are going to get a much more engaging experience…

This mirrors student comments and speak towards the need for teacher engage-
ment and investment in the use of the app as well a tweaking of the home screen
design to help facilitate full engagement and integration.

A finding, then, from the teacher’s experience is that SkillTrack! does integrate
into the the authentic classroomdynamic; amore successful and complete integration
would take full teacher buy-in and support as well as a slight design modification.

Activates student literacy:

One of the underpinning pedagogical premises of SkillTrack! was in creating an app
experience that addressed student understanding, experience, practice and develop-
ment, or overall literacy, of the 21st century/Key skills.

With regard to this design element, the teacher response was quite positive in
praising the pedagogical content of the app promoting literacy:

So…we have been trying to find something like SkillTrack! for the students to introduce
them to the Key Skills. So the fact that the SkillTrack! app identifies the Key Skills and has a
really really good onboarding introduction to the Key Skills for us fits perfectly in with what
we were looking for which was how do we kind of give them an engaging way of interacting
with the skills and coming up with examples themselves of where they are using the skills
and then being able to identify next time in the lesson did they use that skill. This was the
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most positive outcome from it…kids who engaged were developing language around it and
because of the app. The app forces the interaction with the language.

as well as the resulting metacognitive reflection and informal learning on both the
student’s and teacher’s part:

I also think one of the skills that seemed to be really misunderstood was creativity. And I
think we did look a lot about problem-solving within creativity. And I know that at different
times when I said to them, so what skill are we using here? In Maths. And one or two of
them were able to kind of say, we are kind of being creative because were looking at…And
that was good for me because I suppose I always think that the subjects that I teach are not
creative. And I would think as well…well, when we do STEM, and projects and building
stuff, it’s creative, but I think definitely the students started to see problem-solving as a
creative skill. Which I thought was very positive, I found that really positive even for me,
cuz I would now promote it as you are being creative because you came up with a solution.
Whereas…definitely before that it was like you were colourful…You did your Maths in blue
and red. Which is like [terrible] creativity. So you know, I think it probably it increased my
literacy on it as well, like I’m using the language a little bit more, which was my goal from
the beginning. I wanted something that would make me engage with the skills with the kids.
And I think this is doing that, definitely.

Additionally, the teacher speaks towards the app making the implicit explicit:

And I think actually [the skills] has to be forced because it is not a natural thing for us to
be doing, like we are even though naturally we are using the skills, we are never naturally
talking about them. So we are never naturally talking about them, so I think that…you have
to force it then. So I think that’s really good and it has been really good that way…I think
definitely there is [a change in student understanding of the Key Skills].

With the teacher commenting directly on this pedagogical design element, the
metacognition it supports and the assistance it gives to supporting the practice and
development of these skills in the classroom, a strong finding can be made around
the app successfully activating student literacy and creating informal learning oppor-
tunities around the skills.

Experiential learning:

Concerning designing an app that would be based in experiential learning, the peda-
gogical design of SkillTrack! was interested in students utilising their own naturally
occurring learning experiences to anchor the app experience and bring about the
explicit recognition of the implicit.

In regards to this design premise, the teacher speaks on:

Which I suppose we don’t want them to be like skill hawks but we do want them like to
recognise the use of the skill and to that just become…And I think if it starts in first year
that will becomes that more natural for them in an interview situation to recognise the use
of skills when they see them and are using them.

Additionally:

[The students] were able to say what it looks like in practice; a lot of what we do is ‘today
we will be using…’ But we don’t usually say ‘we did work together as a team, you were
very creative’—we don’t often reflect and validate because you are moving on to the next
one—there is a bigger spiel in pre-teaching than post-teaching…the app caters for that post-
teaching bit.
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This comment positively highlights the experiential premise of the app as well
as the extension—and value—of this premise beyond the classroom. A finding can
be then that the experiential design element is executed sufficiently and a desirable
premise for the classroom setting.

Formative assessment:

A key premise within the design of the SkillTrack! app is that it would offer a
formative assessment experience (as opposed to a summative assessment experience)
that would provide feedback, motivation and a sense of progression to the student
users. Here, teacher feedback once againmirrors that of the students with the badging
component being recognised as a key motivator:

The other thing that is really motivating for them is the badges…I mean you’ve got compet-
itive. Even the competitive kids who wouldn’t be academically motivated are motivated by
getting a badge and I think probably, that that is definitely the only buy in for kids who are
not interested in the content is the badge and so you know that is something, that is what’s
keeping them in there…

Additionally, the design feature that shows the student how they are progressing
through the phase was highlighted as a means of providing feedback and motivation:

And I think that’s (the pie pieces filling up) a motivator for them especially for the high
achievers are wanting to get that all done so they are on the look out for where these skills
are and the definitely diligent kids don’t want to be mistagging. So they don’t want to just
gamify and go it…tick tick tick…theywant to wait until they…and so they are on the lookout
for that skill.

Furthermore, when discussing the app with other teachers not involved with trial
the focuswas onhow the appwould provide teachers ameans of formatively assessing
students’ engagement with the Key Skills. Specifically:

I suppose their interaction with it is that’s a good way of monitoring it. And that is what they
said. And that is definitely what they said ‘oh yeah, that is a good way of monitoring it.

A finding for this element then is that badging feature was considered to be a
strong feedback mechanism for this age group and that the app provides the needed
support in this realm.

Pedagogical Activities

Onboarding:

The onboarding pedagogical activity was meant to orient the student users to the app,
the skills in general and the type of thinking needed to use the app with the teacher’s
assistance; it was an opportunity to activate prior knowledge and for teacher’s to both
directly instruct around the skills and model thinking and behaviour.

In regards to the onboarding, the teacher feedback was very positive and enthusi-
astic as it was the first thing mentioned in response to the general question of ‘what
did you like about SkillTrack!’:
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So I think the onboarding for me was brilliant. Was the best part of it. Because it started a
discussion.My favorite part of the onboarding is here’s an example of what someone thought
was their best work. And then that was–there was just a really good rich discussion around
that.

I think other things that maybe, the onboarding is long—now the onboarding is my favourite
part — but the onboarding…I would have liked to spend a term on the onboarding, like
literally 6 weeks, where we do one skill 1 week, where we talk about it, I have it on the staff
board, the skills this week. Like the onboarding in computer science is ‘collaboration’, can
you highlight any use of it in your lessons? All the kids are looking at it, all the kids are
aware of it…

These comments not only highlight the need for instruction, practice, and devel-
opment of the skills (prior to assessment) of the skills, but also the natural instinct of
the teacher to be a part of the delivery of the content. This then supports the design
element of the onboarding as a means for teacher involvement with the app.

Skill Tagging:

The foundational pedagogical activity, and design feature, of SkillTrack! is the stu-
dent tagging of skills. This activity supports the majority of design elements and
provides an anchor for the two other app activities.

With regard to the taggingmechanismwithin SkillTrack! as ameans of identifying
skill usage, the teacher did not speak to this feature specifically except in regards to
how minimal it is in interfering in the class work and how “[students] need to make
a choice—their own choice—about what they were doing, what skill, and it’s quick
and then done”.

Beyond this observation, there is not sufficient data to reach even a preliminary
finding on this activity.

Benchmark Tasks:

The secondary activity within SkillTrack! is holistically termed the benchmarking
tasks; this is where students are, after tagging, occasionally given a pedagogically
scaffolded question or task based on their tagging action.

The teacher comments around the tasks focusedmore on the language used within
the tasks than the task themselves and as shared earlier the belief was that “the
language was too hard for our age group”.

This response pairs with that in the first design element in regards to the app’s
vertical mobility and reaffirms the preliminary finding that the language used to
articulate the pedagogical structure must be age appropriate.

Exemplar Stage (exemplar + self-assessment):

The final activity in the build of the application, the exemplar stage that required an
uploaded picture as exemplar evidence and a self-assessment of the skill, is the last
activity required in each phase.

Teacher comments focused on the exemplar portion of this stage:

And then I love the uploading of an exemplar piece of work because I think it is really
important that they make a judgement call on a piece of work surrounding that particular
skill that they seemed to have followed to that level. So I really like that.
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And on the self-assessment piece:

So the self-assessment and like progression level increasing in complexity…there is an
element of education in that; they are learning what they are being. This is the best tool to
get them to consider their use of skills and to consider their progression with school…and
that it is self-assessment, that is the best place to put it for the classroom, that is what we
want.

This response allows for a strong validation of both concepts and the finding
that the exemplar stage as well as the self-assessment are appropriate and are strong
anchor features in the design.

Conclusion (Teacher):

In summary, the teacher’s response paralleled those of the students, with the peda-
gogical design and activities accomplishing what they intended to.

In all of the evaluated areas, the strongest feedback given was in the design areas
of integrating into the authentic classroom dynamic, activating student literacy and
experiential learning. In regards to the pedagogical activities, the onboarding received
strong praise as did the exemplar and self-assessment portion, validating both the
choice and design of them. The strongest drawbacks within the app design were
around, as in the student feedback, the use of age appropriate language as well as the
ability of students to remember to use the app.
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