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FOREWORD

These proceedings contain the papers of the International Conference e-Learning 2015,
which was organised by the International Association for Development of the Information
and Society and co-organized by Universidad de Las Palmas de Gran Canaria, Spain,
21 — 24 July, 2015. This conference is part of the Multi Conference on Computer Science
and Information Systems, 21 - 24 July 2015, which had a total of 652 submissions.

The e-Learning 2015 conference aims to address the main issues of concern within
e-Learning. This conference covers both technical as well as the non-technical aspects of
e-Learning.

The conference accepted submissions in the following seven main areas: Organisational
Strategy and Management Issues; Technological Issues; e-Learning Curriculum
Development Issues; Instructional Design Issues; e-Learning Delivery Issues; e-Learning
Research Methods and Approaches; e-Skills and Information Literacy for Learning.

The above referred main submission areas are detailed:

Organisational Strategy and Management Issues

- Higher and Further Education

- Primary and Secondary Education

- Workplace Learning

- Vocational Training

- Home Schooling

- Distance Learning

- Blended Learning

- Change Management

- Educational Management

- Continuous Professional Development (CPD) for Educational and Training Staff
- Return on e-Learning Investments (ROI)

Technological Issues

- Learning Management Systems (LMS)

- Managed Learning Environments (MLEs)

- Virtual Learning Environments (VLESs)

- Computer-Mediated Communication (CMC) Tools

- Social Support Software

- Architecture of Educational Information Systems Infrastructure
- Security and Data Protection

- Learning Objects

- XML Schemas and the Semantic Web

- Web 2.0 Applications

X
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e-Learning Curriculum Development Issues

- Philosophies and Epistemologies for e-learning

- Learning Theories and Approaches for e-learning

- e-Learning Models

- Conceptual Representations

- Pedagogical Models

- e-Learning Pedagogical Strategies

- e-Learning Tactics

- Developing e-Learning for Specific Subject Domains

Instructional Design Issues

- Designing e-Learning Settings
- Developing e-Learning Pilots and Prototypes
- Creating e-Learning Courses
- Collaborative learning
- Problem-based learning
- Inquiry-based learning
- Blended learning
- Distance learning
- Designing e-Learning Tasks
- E-learning activities
- Online Groupwork
- Experiential learning
- Simulations and Modelling
- Gaming and edutainment
- Creativity and design activities
- Exploratory programming

e-Learning Delivery Issues

- e-Delivery in different contexts
- Higher and Further Education
- Primary and Secondary Schools
- Workplace Learning
- Vocational Training
- Distance Learning
- Online Assessment
- Innovations in e-Assessment
- e-Moderating
- e-Tutoring
- e-Facilitating
- Leadership in e-Learning Delivery
- Networked Information and Communication Literacy Skills
- Participation and Motivation in e-Learning

e-Learning Research Methods and Approaches

- Action Research

- Design Research

- Course and Programme Evaluations
- Systematic Literature Reviews

- Historical Analysis
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- Case Studies

- Meta-analysis of Case Studies

- Effectiveness and Impact Studies

- Evaluation of e-Learning Technologies

- Evaluation of Student and Tutor Satisfaction
- Learning and cognitive styles

- Ethical Issues in e-learning

e-Skills and Information Literacy for Learning

- Teaching information literacy
- Electronic library and information search skills
- ICT skills education
- in schools and colleges
- for business, industry and the public sector
- in adult, community, home and prison education
- informal methods (peer groups, family)
- Education for computer-mediated communication skills
- Netiquette
- Online safety for children and vulnerable users
- Cybercrime awareness and personal prevention
- Student production of online media
- Web design
- Digital storytelling
- Web 2.0 tools
- etc.
- Digital media studies

The e-Learning 2015 conference received 102 submissions from more than 24 countries.
Each submission has been anonymously reviewed by an average of four independent
reviewers, to ensure that accepted submissions were of a high standard. Consequently only
16 full papers were approved which meant an acceptance rate of 16 %. A few more papers
were accepted as short papers, reflection papers and posters. An extended version of the
best papers will be selected for publishing as extended versions in the Interactive
Technology and Smart Education (ITSE) journal (ISSN:1741-5659) and also in the IADIS
International Journal on WWW/Internet (ISSN: 1645-7641). Other outlets may also
receive extended versions of the best papers, including journals from Inderscience.

Besides the presentation of full papers, short papers, reflection papers and posters, the
conference also included two keynote presentations from internationally distinguished
researchers. We would therefore like to express our gratitude to Steven Duggan, Director,
Worldwide Education Strategy, Microsoft, USA and Dr. Jacques Bulchand-Gidumal,
Professor of Digital Enterprises and Entrepreneurship, Universidad de Las Palmas de
Gran Canaria, Spain as the e-Learning 2015 keynote speakers.

A successful conference requires the effort of many individuals. We would like to thank
the members of the Program Committee for their hard work in reviewing and selecting
the papers that appear in this book. We are especially grateful to the authors who
submitted their papers to this conference and to the presenters who provided the
substance of the meeting. We wish to thank all members of our organizing committee.
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Last but not the least, we hope that everybody will have a good time in Las Palmas de Gran
Canaria, and we invite all participants for the next edition.

Miguel Baptista Nunes, University of Sheffield, United Kingdom
Maggie McPherson, University of Leeds, United Kingdom
e-Learning 2015 Conference Program Co-Chairs

Piet Kommers, University of Twente, The Netherlands

Pedro Isaias, Universidade Aberta (Portuguese Open University), Portugal
Heredina Fernandez Betancort, Universidad de Las Palmas de Gran Canaria, Spain
MCCSIS 2015 General Conference Co-Chairs

Las Palmas de Gran Canaria, Spain
July 2015
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KEYNOTE LECTURES

“FAIL FAST AND FAIL FORWARD - EMBRACING
FAILURE AS A NECESSARY PRECURSOR OF SUCCESS
IN THE DELIVERY OF ELEARNING SERVICES”

Steven Duggan,
Director, Worldwide Education Strategy, Microsoft, USA

ABSTRACT

How cloud services, low-cost mobile devices and real-time data can enable system design and
course correction in national deployments.

With reference to eLearning partnerships with organizations including UNESCO, World Vision
and British Council, Steven Duggan, Microsoft Director of Worldwide Education Strategy, will
outline how a shift in the culture and approach to Public Private Partnerships is required to
achieve outcomes which can successfully be replicated at scale.

With a focus on the global challenge of illiteracy, Duggan will explain why an openness to
recognize and value failure proved essential to the building of new solutions which could
address access, equity and quality in the delivery of eLearning services.

A DIFFERENT PERSPECTIVE ON THE SINGULARITY
POINT. HOW IT IS SUBSTITUTING JOBS IN THE
SERVICE SECTOR

Dr. Jacques Bulchand-Gidumal,
Professor of Digital Enterprises and Entrepreneurship,
Universidad de Las Palmas de Gran Canaria, Spain

ABSTRACT

While the Singularity Point is announced to take place around 2030, before it happens humans
will have to face several challenges. Among them, a more than probable substitution of a large
amount of jobs by IT. While for some time computers and robots seemed to be especially well
oriented to substituting industrial jobs, latest developments have contributed to picture an
situation in which many service sector jobs are also being replaced. We posit that this maybe
one of the causes behind the global crisis that is taking place right now and of why it is hitting
so much in service-based economies. Some future realistic scenarios are explored.
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PLAYING MUSIC, PLAYING WITH MUSIC
A PROPOSAL FOR MUSIC CODING IN PRIMARY
SCHOOL

Adriano Baraté', Luca Andrea Ludovico’, Giuseppina Rita Mangione2 and Alessia Rosa®

'LIM - Laboratorio di Informatica Musicale, Dipartimento di Informatica, Universita degli Studi di Milano
Via Comelico, 39/41 — 20135 Milano (MI) — ITALY
2INDIRE - Istituto Nazionale di Documentazione, Innovazione e Ricerca Educativa, Sede territoriale Sud
Via G. Melisurgo, 4 - 80133 Napoli
®INDIRE - Istituto Nazionale di Documentazione, Innovazione e Ricerca Educativa, Sede territoriale Nord
Corso Vittorio Emanuele 11, 70 - 10121 Torino

ABSTRACT

In this work we will introduce the concept of music coding, namely a new discipline that employs basic music activities
and simplified languages to teach the computational way of thinking to musically-untrained children who attend the
primary school. In this context, music represents both a mean and a goal: in fact, from one side coding activities are based
on music processes that are able to unveil algorithmic thinking; from the other side, such processes may stimulate
creativity and collaborative learning, and their audio feedback is immediately perceivable. Consequently, music can
represent a valid learning tool as well as an addictive reinforcement technique to approach coding. After describing a new
formalism to graphically encode music operators, a Web prototype specifically designed for music coding will be
presented and discussed.

KEYWORDS

Music, coding, web, application, primary school.

1. INTRODUCTION

Media and technology are nowadays characterized by a network system widely structured which encourages
the development of phenomena with important consequences both in social and educational fields. Among
them a prominent role is played by so-called digital convergence, i.e. the process by which different media
are redefined in their peculiarities thanks to digital coding. This cannot be merely seen as a technical or
technological development, as this process has changed irreversibly media industry and the way media
products are enjoyed.

Within a convergent culture, meanings — even music meanings — circulate according unexpected routes,
contaminate each other, undergo discontinuous processes of certification, finding only temporary
consolidation and being subjected to constant revisions (Ardizzone et al., 2008). In these complex and
heterogeneous universes, sound and music take a new and stronger value as languages integrated into broader
and diversified contexts, each leading to a hyper-fruition of aural stimuli.

It is worth underlining another key aspect, represented by the new technological opportunities of
interaction, with the overcoming of the idea of audience proper of the Gutenberg model and the development
prosumers increasingly active (McLuhan & Nevitt, 1974). Through digital technologies and the great impulse
of Web the sharp dichotomy between producers and consumers disappears, similarly to what happened to
communication processes in the 90” (Ceri & Gallino, 1994).

Due to the deep and rapid changes in the world around us, occurring also through media and technologies,
the concept of literacy has to be rethought by encompassing a multiplicity of languages. Some researchers
state that, in order to achieve socio-educational integration, it is not possible to conceive models of
educational relationship other than inclusion, multi-literacy and promotion of excellence (Napodano &
landoli, 2008). This is a set of educational actions that enhance workshop activities, foster the ability to use
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language, orality and heterogeneous systems for analog and digital encoding, and promote the variability of
cognitive styles and communication registers according to Gardner’s idea of forma mentis.

New challenges emerge in modern school, traditionally considered as the depositary of literacy processes:
guaranteeing the growth of students, each one with his/her own peculiarities, and giving equal dignity to the
languages they interact with in everyday life. As regards music language, the problem is not how to employ
media technologies during traditional hours of music education, but completely rethink their value in order to
train individuals along different axes: searching in sound and timbre collections, analyzing their role and
meaning inside a complex media message or a soundscape, understanding the value of music and audio
authorship, and much more.

For an actual acquisition of competence, intended here as the ability to act in — or react to — a given
situation within a given context in order to achieve a performance (Le Boterf, 1994), it is necessary to
develop education proposals able to integrate music analysis with music production. In this sense, coding can
prove to be an effective proposal since it implies writing, namely making explicit, juxtaposing and processing
concepts in a critical, aware and creative way.

The paper is organized as follows: Section 2 discusses the pedagogical aspects of coding in primary
school curricula, Section 3 illustrates the relationship between music and coding starting both from the music
and from the technological points of view, Section 4 presents a Web interface that implements music coding,
and finally Section 5 proposes a number of case studies.

2. FROM CODING TO MUSIC CODING

In Computer Science, the term coding refers to the implementation of a program, namely a sequence of
instructions that make a computer run a given set of actions. It is well known that computer programming is a
base skill required to understand information technology processes. More surprisingly, in recent times coding
has been proposed also as a tool to foster learning processes in young students. By facing coding problems,
students activate many cognitive functions that go beyond the acquisition of technical expertise in a strict
sense. Coding tasks should be independent from a specific programming language or software environment.
Rather, the target is developing a digital competence through playful learning (Resnick, 2004).

The theoretical bases go back to the pedagogical approach of constructivism (Piaget et al., 2014). As
regards the introduction of coding and computational thinking in primary school, it is worth citing the ideas
of Papert: while each discipline claims to push students to think, computer science achieves this result in an
operative and concrete way. Papert considers coding as a useful tool to learn how to think, not as a way to
obtain improved reasoning skills. In fact, the intrinsic goal is not making children good programmers, but
providing the knowledge to create contexts where they can explore advanced ideas (Papert, 1980). For
example, young learners can approach differential geometry through the metaphor of a turtle or they can
understand the concept of feedback thanks to LEGO robots. Papert adopts LOGO as the reference
programming language for children’s coding activities. An implementation of Papert’s ideas requires a deep
change in teaching, transforming the mere transmission of knowledge and skills into laboratory activities and
structured projects aimed at encouraging collaboration and discussion.

Music education and training for children require ad hoc techniques and methods as well as a specific
review of school curricula. Recent scientific works (Young, 2003) show that an integration of multi-modal
experiences based on activities such as moving, creating, playing, reflecting support the development of a
“symbolically fluent child” (Gromko, 1995). The learning environment should be able to represent
activity-oriented musical experiences, where students — properly sustained by scaffold elements — are
involved in a process of music construction/deconstruction. For example, scaffolding children’s early musical
experiences, investigations and engagement in the world of sound helps them establish strong, confident,
vibrant, and creative identities in learning, communication, and performance (Tomlinson, 2013).

Currently a new music pedagogy based on an integrated approach is emerging. Recalling the fundamental
concepts of pedagogical activism (Dewey, 2005), the goal is enhancing that educational cross-component
able to influence key aspects of the growth such as expressiveness, autonomy and sociality.

Music is able to influence the construction of the child’s personality because it promotes the integration
of perceptual, motor, affective, social and cognitive dimensions (Willems, 2011) by relating basic aspects of
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human life (e.g. physiological, emotional and mental spheres) with the basic elements of music (e.g. rhythm,
melody and harmony).

The abilities of listening, exploration and analysis are fundamental for the development of general
meta-cognitive skills of the child, such as attention, concentration, control. In this sense, music is both an
opportunity and a crucial educational strategy. For example, through music young students can develop the
aspects of analysis and synthesis, problematization, argumentation, evaluation and application of rules. In
addition, as regards the ability to read and understand, children have the possibility to train their transcoding
skills, moving from the musical domain to the verbal language in order to describe what they heard (Branca,
2012).

In the digital era, new technologies and computer-based approaches can influence music learning and
teaching processes. A recent and comprehensive review of this subject can be found in (Finney & Burnard,
2010), a work that discusses a range of innovative practices in order to highlight the changing nature of
schooling and the transformation of music education. Many researchers, experts and music teachers feel a
pressing need to provide new ways of thinking about the application of music and technology in schools. It is
necessary to explore teaching strategies and approaches able to stimulate different forms of musical
experience, meaningful engagement, creativity, teacher-learner interactions, and so on.

The idea of the this work is applying the most recent pedagogical theories about coding and music
teaching in primary school through a playful approach to music composition, conceived for musically
untrained children and designed to encourage the computational way of thinking.

3. MUSIC OPERATORS AND COMPUTER PROGRAMMING

In this section we want to explore the historical, cultural, and theoretical relationships between two domains
apparently far apart, i.e. music and computer programming. We will follow two approaches somehow
complementary, highlighting how some concepts of music can find a counterpart in the constructs of
programming languages, and how some concepts typical of algorithmic way of thinking can be intuitively
represented through music operators.

3.1 From Music to Coding

In 1985 composer and music theorist Fred Lerdahl and linguist Ray Jackendoff conceived a generative
theory of tonal music (Lerdahl & Jackendoff, 1985). They provided a “formal description of the musical
intuitions of a listener who is experienced in a musical idiom” based on the unique human capacity for
musical understanding. The purpose was uncovering a musical grammar that could explain the human
musical mind in a scientific manner comparable to Noam Chomsky’s transformational or generative
grammar dating back to 1975 (Chomsky, 2002). The novelty of their approach was the investigation of the
mental procedures under which the structure of individual compositions can be built and understood.

Even if the approach of the mentioned authors was original, many theorists, musicologists and composers
in the past formalized or merely used algorithmic processes to conceive music. Examples range from
late-Baroque complex counterpoint processes (see e.g. the fugues by Johann Sebastian Bach) to twelve-tone
serialism (see e.g. the works by the Second Viennese School, composed by Alban Berg, Anton Webern,
Hanns Eisler and Arnold Schoenberg). As regards theoretical works, it is worth citing (Hofstadter, 1980),
where the concepts of self-reference and formal rules are applied to the domain of mathematics, art, and
music, and (Bizzi, 1982), which unveils the way many historical canons have been composed through
mathematical rules and tables.

The mentioned works demonstrate that a formal and algorithmic approach to music composition and
analysis is possible. Consequently, we introduce a number of music operators that can be seen as single steps
of a generative algorithm. Due to the goals of this initiative, the application domain is simplified:

e A score is composed by a number of melodies, one per staff, presenting no chords. Harmony-related
aspects come from the coexistence of notes belonging to different instruments and staves;

o Every note is quantized according to the smallest rhythmical value allowed. Longer values can be
obtained by tying quanta together. This approach is valid for children's songs and simple tunes, where a
coarse quantization is sufficient, but it would fail with tuplets and more complex rhythmic layouts;
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e Supported operators are simple to be used and understood. The goal is not covering all possible
music-composition processes, but provide untrained children with an intuitive tool set to build basic
music performances.

3.1.1 Melodic Operators

The first class of music operators is the one of Melodic Operators (MOs), namely the operators that work on
note pitch. The proposed framework includes:

e Play n — This operator starts playing a n-pitched note. The execution is stopped at the end of the current
quantum, unless a Continue operator (see Rhythmic Operators below) is invoked at the next quantum;

e Clear — This operator unsets the pitch of the current quantum. In a quantized environment, each note
naturally takes a single quantum, nevertheless a quantum cannot be empty. In this sense, Clear is the
default operator, and it corresponds to the music concept of rest. This behavior implies that Clear
belongs both to Melodic Operators (since it unsets pitches) and to Rhythmic Operators (since it is a
placeholder for a rest);

e Transpose up/down (and play) — This operator modifies the previous pitch according to a humber of
ascending or descending grades. In our implementation, we decided to deal with scale grades (referring
to a diatonic scale) rather than halftones (referring to a chromatic scale) because most pitched
instruments for children are mainly diatonic, such as toy xylophones and whistles.

3.1.2 Rhythmic Operators

Rhythmic Operators (ROs) work on rhythm-related aspects of notes. In this case, the framework includes:

e Tie— This operator extends the last note (or rest) for the duration of the current quantum;

e Clear — As mentioned above, this operator means absence of sound. So, even if a note is naturally
stopped by the end of its quantum, Clear has rhythmic implications too.

3.1.3 Other Operators

In order to foster computational thinking, other operators which do not belong to the mentioned classes have
been implemented. A first case is Repeat, which allows to choose a number of previous steps to be repeated
for a given number of times. In music notation there are symbols that recall this function (e.g., n-bar repeat
signs, repeat barlines and text indications such as ‘“Da capo”). However, for the sake of clarity the
implemented Repeat operator has a less flexible applicability.

On the contrary, conditional expressions and constructs do not have a music definition, but they have
been introduced to foster algorithmic thinking (see Section 3.2). In the proposed framework, comparison
operators such as lower than, higher than, lower or equal to, higher or equal to, equal to, and different from
can be invoked on pitches.

3.2 From Coding to Music

In Section 3.1 we have listed a number of music operators that are implicitly or explicitly used by composers
when they create a music piece (Schoenberg & Stein, 1970). We have shown how these operators can be
converted into atomic steps of an algorithm. On the contrary, in this section we start from some key concepts
typical of computer programming and try to map them onto the music case study.

In our approach, programming constructs intentionally are not presented in an explicit way to children. In
other words, the proposed framework hides their presence, but makes the underlying concepts emerge.

First, let us consider the standard structure of a program. Most programs have the following pattern: i)
statements to mark the start of the program, ii) variable declaration, and iii) program statements. This basic
schema can be mapped on: i) choice of the basic parameters (tempo, score length) and creation of
instruments, ii) choice of the instruments to play, and iii) for each instrument, selection of a set of actions to
be performed. Code lines are usually written and read from top to bottom, whereas music code — in
accordance with score notation — should be interpreted from left to right.

In computer programming, data typing implies a classification identifying one of various types of data
(e.g. integer, real, boolean, etc.) and defines allowed values and available operations on such values. In our
proposal numeric, character and boolean values can be selected to perform specific operations, such as
setting pitches or testing conditions. However, the novel approach is mapping the concept of data type onto
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the choice of an instrument type to play. If instruments can be seen as instances of variables, then instrument
types correspond to data types. For the sake of clarity, we will present the case of a xylophone vs a drum,
which are two of the available instruments supported by the interface described in the following. Please note
that they are both percussion instruments, but the former is pitched whereas the latter unpitched. The
xylophone allows to define the exact note to be played. This implies the availability of operators such as
Transpose up or Compare pitches. Besides, in accordance with computer programming where values are
limited to a range (e.g. in C integer values have to fall in the [-32768,+32767] range, being 16 bits in size),
pitch values present limits that depend on the chosen instrument. Needless to say, for an unpitched percussion
instrument such as a drum the concept of pitch has no meaning, consequently only rhythmic operators are
supported.

The concept of data typing can be further detailed. In computer programming, there is a dichotomy about
strong vs weak typing. In our proposal, this aspect can be found in the independent use of instruments against
the interdependence of notes across different instruments.

As regards operations on variables, assignment can be employed at different stages. For example,
deciding which actions should take place at a given time is a form of assignment. Besides, some of the
supported operators allow to set additional values, such as the pitch to be played or the number of repetitions
to be performed. A complete list of operators for this proposal will be provided in the following.

As regards basic control flow, most programming languages support unconditional branch (e.g. goto,
break, return, etc.), conditional branch (e.g. if-then-else, switch, etc.) and loops (e.g. while-do, do-while, for,
etc.). In order to apply conditional statements to the music case, we introduce comparison operators to check
for conditions and consequently choose between two alternative execution paths. For example: “If the current
note of Instrument A is lower than the current note of Instrument B, then follow the upper path, otherwise
choose the lower one. In order to keep things simple, braches always present the else clause and have the
same length.

Loops and iterative constructs are exemplified through the repetition of the last n steps for k times. Please
note that these statements introduce a number of implementation issues that in standard coding activities do
not arise. The last n steps to be repeated do not have to generate ambiguous or illegal situations, pointing for
example to a step where different branches are present (at the moment of coding, the system is not aware of
conditional choices which may depend on run-time decisions). Similarly, a standard while-do loop would be
difficult to introduce since the exit condition — and consequently the loop duration - cannot be predicted.

Some non-trivial programming features are supported too. First, data types are not limited to simple ones.
The concept of array can be intuitively represented by a particular set of instruments (an array of mixed
variables). If we define the array K by grouping a subset of instruments, operators can refer to single-element
as well as aggregated values. For example, in conditional statements we can check conditions such as: “If the
current note is higher than all current notes in K...” or “If current note of Instrument K is higher than the one
played by Ks...”. In this way, children can get familiar with the access to array elements by index (e.g. K[1])
or by key (e.g. K/ “drum’’]).

Finally, the specific implementation of some operators recalls advanced concepts such as overloading,
namely a type of polymorphism where different functions with the same name are invoked based on the data
types or the parameters passed. For instance, the operator Play can be invoked with no parameters — i.e.
Play(), which repeats the last pitch if present, and performs the default one otherwise — or with one parameter
—i.e. Play(n), which explicitly sets the pitch to be performed. Similarly, Repeat() means “play the last music
symbol once again”, Repeat(X) means “play last X music symbols once again”, and Repeat(X,y) means “play
last x music symbols y times”. These are simple but effective examples of polymorphism.

4. WEB PROTOTYPE

In order to make music coding appealing, amusing and accessible to children, we have implemented an
experimental Web interface adopting a gamification approach. The use of standard Web technologies and
languages such as HTML5 and Javascript, developed and promulgated by WS3C,' let us release a
cross-platform multimedia environment, available on all browser-equipped and network-attached devices.
The interface is shown in Figure 1.

! World Wide Web Consortium
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Figure 1. The Web interface designed for music coding.

4.1 The Gameplay

The educational activity is composed by two different steps, named score coding and interactive listening
respectively.

During the first phase, a score is produced by disposing a number of cards (corresponding to music
operators) on the game board. Available operators are chosen by clicking the instrument name, which opens a
contextual toolset, since different instruments may present different sets of operators. The score length is not
fixed, on the contrary it is set on-the-fly while dragging cards. The available space in the interface can be
extended thanks to horizontal scrolling. As explained below, during this process the corresponding
“traditional” music score is produced as well. The coding process can be performed collaboratively by many
children together, for instance by assigning to each student either an instrument or a step, like in turn-based
games.

The interactive listening phase starts when the Play button is pushed causing playback to occur. When
score steps are parsed, colored balls begin to jump over the instrument interfaces. Graphical and audio
materials are fully synchronized, thus allowing a multi-layer score-following experience. For children it is
possible to look at the ball moves, follow music over the graphical as well as the traditional score, and listen
to the corresponding sounds. This process somehow resembles debugging, since actions are parsed one by
one to see if the desired result is being achieved. Music performance can be paused, stopped, and rewound.

The second phase has been defined interactive for a number of reasons. First, music performance can be
influenced by adjusting and rearranging music operators: at any moment users can modify the score, thus
going back to phase 1. Second, children can passively enjoy the results of coding but they can also interact by
playing their own instruments.
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4.2 The Interface

As regards the interface, the main area of the screen contains a number of pitched and unpitched music
instruments. The available orchestra can be configured during the game setup. For music playback, the
underlying metaphor is a jumping ball that strikes the sensitive areas of each instrument to make it play.
Needless to say, jumps are controlled by the score.

The upper panel represents the game board, namely the area where cards corresponding to music
operators are placed. Rounded squares constitute the quantized timeline, and their colors refer to a given
music instrument. Icons like those shown in Figure 2 are employed to confer an intuitive graphical

representation to music operators.
[ ]
- =

Figure 2. The icons for Play, Transpose down, Transpose up, Tie, Repeat and Clear music operators.

The bottom panel contains a score transcription following Common Western Notation (CWN) rules.
Music contents are automatically generated over the staff system while cards are being placed on top of the
game board. This “traditional” score representation has not been conceived for children, nevertheless, its
presence can be important for a number of reasons:

e It can be checked by musically-trained students and teachers to validate the use of music operators;

e It can be directly read by young musician to create a live performance or an accompaniment;

e Thanks to full synchronization among all graphical and audio contents (score following), it can be
an intuitive way to learn the rudiments of music notation.

An inverse exercise based on score notation is trying to reconstruct a simple tune whose score is known
through the operators provided by the game. In this case, coding is involved as a problem-solving technique,
similarly to standard computer programming: given a goal, find the self-contained step-by-step set of
operations to be performed in order to achieve it.

5. EXAMPLES

Now let us refer again to the screenshot shown in Figure 1. This time we will focus on cards over the game
board and the corresponding music contents.

The upper staff refers to a pitched instrument, consequently all music operators are available. From the
point of view of rhythm, no steps but the last one have been extended through ad hoc operators. The first 4
steps are explicit assignments indicating the pitch to be performed. The 5th step is an overloaded version of
the assignment operator, presenting no indication about the pitch: in this case, the last pitch is repeated. Other
in use operators are simple transpositions (1 grade up or down) and simple repetitions, i.e. single repetitions
of the last step. Clearly the same result could be achieved through different combinations of operators: for
instance, the 3rd and the 4th step could be obtained through transpositions. This is another aspect of music
coding close to computer programming, where different algorithms can be employed to achieve the same
result.

The second and third staves encode parts to be played by unpitched instruments. For an untrained child,
starting from a simplified set of operators can be more intuitive. Besides, a rhythmic feedback is easier to
recognize.

In this example, we have used a number of Repeat operators, thus originating aggregations of steps
different in length and number of repetitions. The notation at the 3rd step of the bottom staff is particularly
efficient in representing a huge area of the score. In computer terminology, we would call it compression.

6. CONCLUSION

The concept of music coding presented in this work constitutes a novel approach to the computational way of
thinking. Actually, playing music is a stimulating and amusing activity for children, which fosters not only
technical and theoretical abilities, but also creativity, adaptivity, socialization and cooperation with others.
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The interface and the underlying language presented above address primary school children without a
specific music background. They have been designed to allow easy interaction with music contents as well as
intuitive manipulation through ad hoc operators. Nevertheless, young musicians and music teachers can be
involved in these activities as well. From a passive perspective, they can enjoy an alternative and formal
representation of music language, quite far from common notation but close to the composer’s way of
thinking. From an active perspective, musically-trained users can join the playback phase, acting the role of
additional instrumentalists and arrangers.

It is worth underlining that the provided framework can be seen as a tool both for music synthesis
(“choose cards, set parameters and listen to the music produced”) and for music analysis (“analyze an already
available tune and try to reconstruct it through a suitable combination of cards and parameters”).

At the moment of writing, the software application has been implemented and is publicly available over
the Web, but it has not been extensively tested. As regards future work, a relevant goal is to conduct a test
phase in Italian primary schools, in order to understand user acceptance rates and to validate the pedagogical
approach. For instance, we are planning assessment activities in order to test if a music-based approach to
problem solving can be more effective than a traditional one, by proposing the same algorithmic problem in
different forms. An example is reaching a target point by walking in an open space versus composing a
simple tune, two clearly different activities that could be described through the same sequence of algorithmic
steps. Another kind of exercise is recognizing algorithmic structures in a given music piece.

A number of open problems must be faced before the final release of an effective learning system. These
problems suggest a variety of research directions in the fields of pedagogy, technology-aided teaching and
learning, computer science, music, and musicology.
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ABSTRACT

Distributed learning is a growing issue in education following the mainstreaming of technologies such as
videoconferencing. However, though distance and distributed learning have been common in adult education and
business since the 1990s little is still known about the use of videoconferencing in elementary education. This paper
reports from ongoing research in three rural schools in Denmark where the use of videoconferences are used as part of the
teaching at lower secondary level. The research focuses on how students learn from videoconferences that are both one-
to-many and peer-to-peer. Videoconferencing, conceptualized by the schools in question as telepresence, is performed in
a unique combination of desktop interaction through mobile devices (iPads) and studio-based large screen lectures and
interaction. Preliminary results of the research suggest that telepresence could be enhanced in schools by seeing it as a
broad framework for collaboration between schools, in which different kinds of connections — both synchronous and
asynchronous, mediated and face-to-face, large screen and desktop interaction - can support the placement of schools
within the community and in the global context of learning.

KEYWORDS

Telepresence, learning through videoconferences, learning with iPads

1. INTRODUCTION

In the spring of 2013 | was asked to research an ongoing school development project in a rural part of the
west of Denmark, where three schools had for a year been using videoconferencing for teaching basic
subjects such as maths, German, science, history and literature. The purpose of the project, which was
initiated by the local municipality, was to explore how the use of videoconferences in schools could support
community and curriculum developments through increased collaboration between schools, access to experts
and the establishment of links between schools, industry and community. Within these broad aims the
municipality sought to respond to a variety of community challenges, for instance the depopulation of
specific rural areas and the consequent limited access to resources such as specialized teachers and experts.
Following a municipal reform in 2007, the municipality had increased in size and incorporated several rural
school districts which necessitated a local strategy for linking schools and reorganizing available resources.
As a result, the municipality initiated the project and at the same time schools invested in iPads for all
students in lower secondary school (age 13-16).

The research project specifically explored the potential of videoconferences as a supplement to classroom
teaching for qualifying lower secondary students’ learning, with the three local schools as an empirical case.
Research was done as an ethnographic, multi-sited study that included observations in all three schools as
well as interviews with students. Both telepresence activities and classroom activities prior to and after the
telepresence activities were observed, whenever possible. Research is ongoing and the following reports from
the initial phase of the project from the autumn 2013 to 2014. The project ends in the summer of 2015.
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2. UNDERSTANDING TELEPRESENCE: INSIGHTS FROM THE
LITERATURE

Telepresence is a broad and complex term for a variety of phenomena involving embodied, virtual presence
in mediated environments (Friesen 2014, Levinsen et al. 2012). From a phenomenological perspective
telepresence can be understood as “the experience of presence in an environment by means of a
communication medium” (Steuer 1995 in Dolezal 2009) or conversely as “a technology that allows the
projection of a person to a remote environment” (Draper 1998). As a concept, telepresence has historically
been linked to the use of robotics and virtual worlds, however, telepresence also interacts significantly with
local physical spaces, as will be seen from the examples below.

In this paper | shall focus on videoconferences as a telepresence activity, where telepresence is
understood as a way of configuring learning rather than a specific experience of being present. In
understanding telepresence through videoconferences as a process of configuration, 1 am inspired by the idea
that telepresence is contingent on local practices of for instance collaboration, subject cultures and modes of
instruction (Pink 2011). In this sense telepresence is placed in local practices and entangled within these
practices (Dussel 2013, Latour 2005), rather than in individual learners’ experience of presence. Researching
telepresence therefore involves studying new ways of placing technologies in schools, as well as new ways of
placing schools in the community.

According to the literature, videoconferencing can be defined as “synchronous audio and video
communication through computer or telephone networks between two or more geographically dispersed
sites” (Cole, Ray, & Zanetis, 2004 in Lawson 2010). The potential of synchronous interaction is immediate
interaction with others distributed in geographical space, which may extend learners’ access to high-quality
learning opportunities (Berge & Clark 2005, Barbour & Reeves 2009). As the practice of learning through
videoconferences originated in higher education and business contexts (Lawson 2010, Falloon 2012) the role
of videoconferences in learning are still relatively unexplored in elementary schooling, though successful
experiences have been made in rural schools and with home-schooled children (Barbour & Reeves 2009,
Lawson 2010). Barbour and Reeves (2009) suggest that the use of videoconferences for learning may be
difficult to translate into elementary school contexts, as successful learner characteristics such as autonomy
and intrinsic motivation, which are usually associated with adult learning, are still active in these
environments. Introducing videoconferences in lower secondary schooling will therefore require a
reconceptualization of traditional pedagogies.

Though videoconferences, according to the literature, have the potential to increase social presence,
community and educational opportunities in specific local areas and for specific students, several challenges
are nonetheless connected with establishing these new social arenas. Challenges may include collaboration
issues such as time-table coordination, booking requirements and technical limitations (Pitcher et al. 2000,
Lawson 2010). In addition to this, modes of instruction such as one-to-many lecture formats may disengage
young learners who are used to more enquiry based learning. In the telepresence with iPads project schools
sought to meet this challenge by constituting telepresence within the unique combination of studio-based
lecture-like activities and student-to-student interaction through personalized technologies (iPads). Within
this conceptual matrix, telepresence unfolded as specific configurations of videoconference activities that
were meant to suit learners in the 7-9" grade.

3. MOVING BETWEEN SITES - METHODOLOGICAL ISSUES

Because of its focus on distributed learning, the telepresence with iPads research project has been inspired by
multi-sited ethnography (Marcus 1995, Hannerz 2003). According to Marcus and others, multi-sited
ethnography has provided a methodological framework for ethnographically following things, ideas and
people in global contexts where phenomena are mobile and transient. Multi-sited ethnography thus moves
away from the single-sited practice of conventional ethnography and follows the circulation of objects,
practices and identities across sites.

In the telepresence with iPads project multi-sited ethnography has contributed to mapping relationships
between schools and studying their collaboration through telepresence. As collaboration between schools is
built into the project, multi-sited ethnography has followed telepresence as a phenomenon that emerges
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within these collaborations, i.e, the idea is that looking at it from one locality is only seeing it partially. In the
project | as the researcher for instance had to map and travel distances between schools in order to understand
how distance and other kinds of (dis)connections might act in relationships between local schools. In
mapping and travelling distances between schools, | had to decide, in relation to each telepresence activity,
where to be physically present and how to incorporate in my observations the experiences and learning of
those that were remote. As the research was multi-sited, | would, if possible, try to shift between sites where
the teacher or instructor was remote and where she/he was physically co-present with me in the classroom. In
addition to this, | would, if possible, visit the collaborating school(s) later the same day or the day after to
have informal talks with teachers or do interviews with the students. However, because of the organizational
constraints mentioned below, this rhythm of presence was not always possible.

As physical presence in several sites was a prerequisite for understanding telepresence in the project as
seen through the multi-sited lens, researching telepresence ethnographically paradoxically entailed travelling
the distance that videoconferencing attempted to bridge. Latour argues that ... elements which are close
when disconnected may be infinitely remote if their connections are analyzed; conversely, elements which
would appear as infinitely distant may be close when their connections are brought back into the picture.”
(1996, 4). As suggested by Latour, research has to identify the complexities of these connections which are
not only geographical, and my research therefore had to map out the multitude of ways in which connections
and their distance-closeness effects could affect students’ learning. What this entailed was to some extent that
telepresence as a phenomenon was created through my trajectories of observation and presence and the
connections | was able to make between them.

In connection with this, my role as a researcher was generally affected by the complexities of being an
observer between several sites, including those that were connected with my position as a university
employee. As an associate professor employed by a state university | was situated in Copenhagen, a 3-4
hours® drive from the local area | was researching. As someone belonging to a different community, my
distance from the field often seemed more extended and remote even when | was physically present in the
schools. This became increasingly obvious as | struggled to maintain contact with the schools through email
and phone calls, in order to be included in telepresence events. The time/space displacement of researcher
and field acted through my role as researcher, as telepresence events where often not planned ahead, but
incorporated into local practices and time rhythms. As | was conceptualized as a remote actor with no
immediate connections to practice | was often excluded, though | generally felt very welcome in the schools.

Finally, distance and proximity acted in through the relationships between schools and their affiliations
with the local community. All three schools, though in average 15-20 kilometers distant from each other,
were as mentioned above situated in the same municipality, and in many ways shared local histories and
socio-economic conditions. However, organizational differences between the schools, such as differences in
time tables, teaching styles and practices, often challenged the realization of collaborative telepresence
events. In addition to this, teachers and students, though all in one perspective local, were mostly strangers to
each other, and had not generally been given time to meet, get acquainted and plan ahead. For many teachers,
collaboration is in itself a challenge as they are used to managing classrooms on their own, and opening up
the classroom through videoconferencing can be daunting. In this sense local proximity — as argued by the
literature - needs additional affiliations to create trust and give access to classrooms (see for instance Friesen
2014). In fact, in one case collaboration between two teachers was only initiated, | was told, because the
teacher in school A knew the teacher in school N as a parent, i.e. his son attended school N where the
collaborating teacher taught. What seems to be close in terms of local placement may therefore not be
sufficient to support the relationships between schools that are necessary for collaboration.

4. CASE 1: GEOGRAPHY THROUGH TELEPRESENCE.

School A is a small, rural school in the west of Denmark where the students have been working with
telepresence through their iPads as well as large screens situated in the classroom dedicated to telepresence’.
The students are working on a project in geography with school N, a larger, rural school situated about 16
kilometers away. The students in school A and school N have not met each other physically before the

! School A has a population of 214 students, School N 294 students, school T 257 students
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telepresence session, however, a few of the students know each other from communion class, leisure
activities or other contexts.

School A and school N are collaborating on a geography project where Google Earth is used to tag places
in different countries. According to the teacher in school A, the point of the project is to raise the students’
awareness of local differences in countries like for instance Norway, USA, Belgium and Holland. Through
Google Earth, he explains, students will ideally be able to identify infrastructural differences through the
visual representations of local spaces in the Google Earth interface. As the project is collaborative between
the schools, the tags are swapped in a kind of treasure hunt for national, geographical differences.

In the lesson | am observing, videoconferencing is used to instruct students in both schools in how to
place the tags in Google Earth used for the treasure hunt. The teacher in school N is teaching the students in
both schools, as the teachers have divided the tasks between them, and he is the only one who knows the
functionalities of Google Earth. This means that the students in school A are obliged to address the remote
teacher if they need help in understanding the assignment.

The focus of the telepresence session is, as described above, the identification and study of local/global
space as a geographical phenomenon. Thus, images of the earth are projected and navigated easily by the
remote teacher on the large screens covering the end of the wall that faces the students (see figure 1). In
quick successions, students’ gaze is invited to travel from a view of the Earth from out of space to a view of
their local area in Denmark and then further into European locations. As shown in the photo below, students
are meant to follow and replicate the remote teachers’ instructions on their own pcs and iPads — which
potentially adds a feeling of proximity to what is illustrated as well as draws on a student centered approach
to the instruction. However, as | shall argue below, the instruction generally fails to engage the students in
school A, who for the most part very quickly become completely disengaged from the activity.

Figure 1. Geography through videoconference: school A and school N

Location and geographical space is thematized by the geography lesson as described, however, as
illustrated by figure 1, issues of location are active not only as an aspect of what is taught, but as part of the
learning situation itself, i.e. as modes of proximity and remoteness in the telepresence activity act actively in
the learning of the students. This echoes the argument made by Richardson & Wilkin (2012), that the
supposedly dematerializing effects of cyberspace and telepresence — in this case the projections on the
screens - is always unfolded within specific, localized contexts and activities. In the case at hand, schools are
localized within a distance of less than 20 kilometers from each other and belong to the same municipality,
which in some ways — for instance in terms of community - seem integrated and close. However, distances
between the students and teachers in school A and N are nonetheless not easily negotiated in the specific
session, as students in school A become increasingly passive during the geography lesson. What acts in the
situation and inspires (dis)engagement is, it seems, not geographical proximity or local affinity, but modes of
attachment and instruction that keep the students from actively participating in the lesson. Thus, as the
students are not familiar with the remote teacher, they fail to address him when they do not follow the
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instructions on the screen. As a rule, they prefer to ask their local teacher for help, but, because of the
division of labor between the teachers, the teacher at school A cannot help them with the task. In addition to
this, the mode of instruction and possibly the way in which school N is presented on the screen — displayed
from a distance and with no eye contact with school A — disengages students from both the partner school
and the subject at hand. What seems to be near in terms of geographical proximity and local identity
therefore presents itself as infinitely remote in the specific context of the geography lesson observed. In fact,
as the screens simultaneously show an out of space perspective on the earth and a view of the remote teacher
standing at the front of his class in school N, these spaces seem to be at the same level and at a similar
distance. This is in spite of the intruding soundscape that all through the session penetrates the relative quiet
of the classroom in school A with the shrill voices of students of school N. In this way the community may
be brought into the classroom but not engaged with in significant ways.

5. CASE 2: LEARNING GERMAN THROUGH TELEPRESENCE

Case 2 consists of two separate scenarios where | observed how German was taught through telepresence in
the same class in two different school years in school T, in collaboration with respectively school A and
school N. In the first scenario German was taught peer-to-peer, i.e. through iPads, with FaceTime interaction
between students in school T and school A. The students, who were at that time beginners in German as a
foreign language, were asked to take turns with presenting themselves in German to the students in the
collaborating school. This was done with the support of a piece of paper with notes that they had prepared
before the lesson. In the second scenario students in school T and N were taught German adverbs one-to-
many by a teacher at school N, who taught the basic grammatical principles of adverbs through a PowerPoint
in a videoconference on the large screen. After the presentation, students at school T and N were asked to
translate sentences from Danish into German that included different kinds of adverbs. In both cases the
German teachers were present in the respective schools. In the first scenario students did the task from their
usual classroom, in the second scenario, both classes had moved to the telepresence room(s). In the second
scenario only a smaller group of the students participated, as the teachers had chosen to divide the class into
two groups of which only one was taught German.

5.1 Student to Student Interaction through Telepresence

Communicating with authentic others through telepresence can support learners’ communicative approach to
the language and engage learners in the target language. According to Arnold, Cayley and Griffith (2002) and
others, enhanced language learning is one of the significant impacts of videoconferencing. Thus, language
learning and intercultural understanding is mentioned frequently in the literature as an aspect of schooling
that videoconferencing may enhance. However, in language learning specifically, the anxiety of
communicating with native speakers or strangers in the novel environment may intervene with the students’
ability to profit from the synchronous event (Kinginger 1999). In this way, the specific practices and contexts
of language learning will affect how videoconferencing becomes part of the learning.

In the first scenario FaceTime interaction was, as mentioned above, chosen as a framework for the task,
as new learners of a foreign language often are reluctant to speak up in a plenary session where strangers are
present. One of the principles underlying the use of interaction through the tablet screen was therefore to
create a feeling of equity and proximity between the students. This was done both through the choice of
subject — a presentation (in German) of the students’ families and near relations — and through the
pedagogical set-up which was student-to-student interaction through the small screen of the iPad. The iPad is
arguably a more intimate platform for videoconferencing, as the iPad is a personal device and supports a
close up view of communication partners.

In school T students were placed in groups of two and given the necessary contact information to call up
the students at school A. In school A the teacher had asked the students to work individually with the task to
avoid distractions, which meant that the interaction at the outset was a situation that was organized
differently by the two teachers.
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Figure 2. iPad interaction in school T and A

Though the videoconference setting itself — as can be seen in figure 2 — is a more intimate scenario than
the geography lesson described above, issues of remoteness and proximity still affected the interaction of
students in the learning process. As students in the two schools did not as a rule know each other and were
not used to collaborating, interaction never became natural or fluent, and students generally clung to their
pre-prepared manuscripts, transforming the situation into a shared reading event rather than a conversation.
As interaction was generally based on transmission of information, a number of the students increasingly
became unfocused and dissociated from the task in the course of the lesson. In addition to this the
unfamiliarity of students with this way of learning the language affected their behavior in the situation, which
according to the teachers was to a large extent disruptive and lacked (n)etiquette.

5.2 Teacher to Student Instruction through Telepresence

In the second scenario teaching German grammar one-to-many became a practice of language learning that
contributed to shaping the experience of videoconferencing as a learning event. Contrary to the practice of
speaking a foreign language, learning German grammar was configured as a big screen one-to-many learning
event, where students in both schools were moved to an auditorium-like classroom and situated in rows. In
this session the teacher from school N taught the principles of adverbial connections through a PowerPoint
presentation on the screen. The teacher at school T was present as an assistant teacher to her own class.

P

Figure 3. The telepresence auditorium at school T
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Figure 4. The remote teacher at school N

The lesson was, | was told by the teacher, a relatively classic enactment of a grammar session, where an
aspect of the lesson was to try to experiment with the relationship between students in school T and their
relationship to the teachers in respectively school T and N. The question was whether students would feel
confident with addressing the remote teacher in German in the course of the lesson.

As remote participants in the grammar lesson, students were at the outset placed as spectators to the
presentation given by the remote teacher. However, after her presentation students in school T were invited to
participate in the discussion of translations of Danish sentences into German. In this context the students
were extremely reluctant to address the remote teacher and to speak out in the plenary in German. As a rule,
students addressed their local teacher, and spoke out to her, though she was purposely seated at the row
behind them. In the evaluation after the session, students generally said that they had enjoyed the lesson as a
break from classroom based teaching, and that they felt the remote teacher had presented the grammatical
issues clearly. However, they all felt uncomfortable with speaking out in the plenary, as students in school N
were strangers to them and they were afraid of making mistakes in the plenary. In this sense they were
primarily placed in the telepresence event as spectators, and chose to act within their local configuration of
teacher-student relationships.

6. DISCUSSION AND SOME CONCLUSIONS

The scenarios above illustrate some of the challenges, issues and potentials involved in connecting schools
through telepresence understood as different kinds of mediated practices in everyday schooling. Whereas
videoconferencing — according to the literature — has extensive potential for redistributing learning resources
in rural communities and enriching learning - actually making the connection(s) is, as the examples show,
still affected by both logistics and issues of proximity and distance. In terms of logistics, the schools in
question must — as shown above — aim to adapt their organizational and cultural specificities to the
community of schools with regard to for instance timetables and teaching styles. When this adaptation is
successful, three school organizations may to some extent become one and can act as one in the synchronous
learning environment. What works against this, however, are not only organizational structures in the
individual schools, but also the lack of familiarity and feeling of community between students and teachers
who are in many senses effectively strangers inhabiting the same local municipality. Therefore, connections
between students and teachers in the schools must in future be supported and enhanced in order to establish
engaging learning forms in the mediated environment that can create this feeling of community.

Another issue that acts in the telepresence with iPads activities is the co-presence of several teachers and
learners in restricted synchronous learning environments. As argued by the literature, synchronous interaction
can be an extremely challenging framework for learning in terms of both logistics and effectively making the
connections that support interactive learning practices (see for instance Anderson & Rourke 2005). This is an
aspect of videoconferencing that schools should address and take seriously in their development of
telepresence activities. In the schools in question, one of the challenges identified by the research is exactly
these brief and fragile synchronous learning spaces that to a large extent fail to connect distributed students
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and teachers. Therefore, the synchronous activities in these schools might be enhanced by extending and
supporting them through asynchronous and face-to-face activities that could establish a more solid and
meaningful basis for collaboration by bringing real connectivity back into the picture. This will entail looking
at collaboration — and telepresence - as a broad framework for learning between the schools, in which
different kinds of connections — both synchronous and asynchronous, mediated and face-to-face, large screen
and desktop interaction, can support the placement of schools within the community and in the global context
of learning. One of the exciting aspects of telepresence is thus the ways in which the potential of mediation
changes the directions of learning — i.e. brings them out of the brick and mortar environment and into
communities that are both global and local and in which collaboration is directed at real world communities.
One of the interesting issues to be taken up by the research described in this paper will therefore be a further
study of the consequences of these new directions and connections of learning, i.e. how a deeper study of
these connections between schools and communities can bring more learning potentials into the picture.
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ABSTRACT

This paper presents the methodology for strategic decision making in higher education (HE). The methodology is
structured as a cycle of strategic decision making with four phases, and it is focused on institutional and national
perspective, i.e. on decision making that takes place at institutions of HE and relevant national authorities, in case HEIls
are public. Case study of e-learning implementation in HE is presented. E-learning refers to technology enhanced
learning, blended learning, open and distance learning as well as massive online courses (MOOCSs) delivered by HElIs.
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1. INTRODUCTION

Higher education’s (HE) key mission is to develop human potential with beneficial effects for social and
economic development. Higher education institutions (HEIs) have been evaluated through the performance in
triple mission: teaching, research, serving to society (outreach). Until the end of the 19" century, universities
were mostly focused on teaching along with conservation and dissemination of knowledge. At the end of the
19" century, universities directed their mission to teaching and research. Adding the so-called third mission,
which refers to the contribution to the society, economy as well as personal development, happened at the
end of the 20™ century. Since then it has had a remarkable influence on the development of the universities
and HE in general. The way in which HEI meets its mission is becoming a first-class research problem
(Cortés-Aldana et al. 2009). HE as a system, along with HEIs, must be innovative and strategically managed
to be able to fulfil its mission. Therefore, the decision making (DM) accompanied by evaluation of its
implementation in higher education is an issue of the highest priority.

This paper presents the methodology for strategic decision making in HE. The methodology is focused on
institutional and national perspective, i.e. on decision making that takes place on institutions of HE and
relevant national authorities, in case HEIls are public. Application and adjustment of the proposed
methodology of strategic decision making in HE is given on the example of implementation of e-learning.

Many different terms have been used in the literature to describe learning supported by information and
communication technology (ICT). Here, we use the term e-learning in a broader sense to cover a variety of
forms; starting from using ICT in classrooms, blended learning, open and distant learning, online learning as
well use of MOOC:s, e-portfolios, social media technologies, open badges, etc.

The methodology is structured as a cycle of strategic decision making with four phases:

(1) Identification and research of the problem - problem identification and research of the problem,
adjustment and implementation of methodologies such as readiness assessment and diffusion of innovation

(2) Design of decision making methodology - improvement of multi-criteria decision analysis enabling
better strategic decision making in HE

(3) Implementation and monitoring of strategic decision — individual/group decision making supported by
multi-criteria decision making methods, implementation of decision, identification of key factors that
determine effectiveness of strategic decision, their correlation and design of the measuring model for
maturity and effectiveness of strategic decision implementation in HE
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(4) Evaluation of the strategic decision effects - evaluation by standard methods such as stakeholder
evaluation, alignment with strategic goals but also by application of structural causal models for
identification of strategic decision effects (Pearl, 2000).

These four phases will be explained in the paper, and a case study of e-learning implementation will be
presented. The case study’s complex nature, while technology is an obvious component of e-learning and
educational pedagogy, must also focus on participation (Tucker, Gentry, 2009). There are also specifics of
HE environment that have to be taken into account when analyzing strategic decision making. Most HEIs
have a certain level of institutional autonomy, but also the academic freedom of researchers and professors to
research and teach due to their best knowledge and according to their own discipline values and personal
academic integrity. Besides that, HE can be seen as private or public good, and this introduces different
stakeholders into the process of decision making (Marginson, 2011). However, the decision making process
at HEIs can be very complex and essentially different from decision making in other private or public
organizations. The public good, the historic purpose such as universities and colleges, is replaced in many
HE systems by the demands of private interests and economy in many HE systems. However, it still has
considerable influence on governing the HEIs. In this paper we are going to refer mostly to HEIs that have a
certain level of autonomy from state, but are seen as a public good where staff and students participate in the
process of strategic decision making.

2. STATE OF THE ART

There are different approaches to strategic planning and strategic decision making that are applied within HE.
Lerner (Lerner, 1999) gives a review of access to the strategic planning process in HE and presents process
model of strategic planning and decision making in HE. Related to the methods of the strategic planning and
decision making, GAP analysis, SWOT analysis, method five competitive forces, methods of strategic
programming and some other methods are applied. Further, Clayton (Clayton, 1997) proposed Delphi method
as the method for making strategic decisions in education. In the paper, Jani method (Jani, 2013) based on the
theory of inventive problem solving (TRIZ) is modified to become suitable for problem solving in HE.

In the book (Saaty, Cillo, 2008) analytical network process (ANP) was used for decision making in the
field of education, but mainly for individual decision making. For example: to make personal decisions about
the choice of direction for further education and for ranking of HE institutions. Possibilities of improving
AHP and ANP methods for multi-criteria group decision making, with applications within HE, are explored
in the paper (Begicevi¢, Divjak, 2006). The methodological framework for strategic planning and decision
making of e-learning has been developed and published in the paper (Begigevi¢ et al., 2007). However, this
methodology has been developed for a narrower application than the methodology presented in this paper.

According to Okumus (2001), there are 10 key factors that affect the implementation of the strategy: its
formulation, uncertain environment, organizational structure, organizational culture, operational planning,
resource allocation, individuals, controls and outcomes. Key factors that influence strategic changes at
universities are leadership, decision-making procedures, communication and evaluation (Stensakers et al.,
2014). Application of DEA method (Data Development Analysis) in the evaluation of the effectiveness of
education is presented by (Jablonsky, 2011). We can emphasize several models for estimation of some
aspects of e-learning effects: Anderson’s conversational e-learning model (Anderson, 2007), decision making
model on introduction of e-learning in HE (Begicevi¢ et al., 2007), EVEDIN model for evaluation of effects
of learning and teaching in e-learning systems (Grubisi¢ et al., 2007). None of these offer a complete
framework for estimating the effects of strategic decisions in e-learning. According to Mahsood and
Chenicheri (Mahsood, Chenicheri, 2013), literature on development and implementation of strategies in
universities is limited. In that respect this paper contributes to the research in the field of strategic decision
making in HE.
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3. STRATEGIC DECISION MAKING CYCLE IN HIGH EDUCATION

Initial pattern in developing methodology for strategic decision in HE is a methodological framework called
Deming cycle (PDCA circle) and Dyer’s model (Dyer, 1991) of decision making and implementation.

According to Dyer, there are four phases of decision making and implementation process: Intelligence
phase, Design phase, Choice phase and Implementation phase. The tools that can be used in these phases are:
data acquisition, storage and retrieval, data base management systems, interactive query, data bases, data
analysis and decision analysis (Dyer, 1991).

Deming cycle implies constant improvement of the system’s ability, which is the aim of the quality
management. This cycle recognizes four phases: P (plan) — determination of the mission, vision and strategy,
planning and establishing of objectives; D (do) — applying the processes, performing; C (check) — supervising
and measuring of the process and their results considering objectives and indicators; A (act) — improvement
of the process. The argument for choosing this methodological pattern is that Deming cycle is widely used in
different areas, in its original or modified form. Besides being an effective process improvement guide it
offers a systematic improvement method. The Deming cycle informs future improvement by providing
feedback and maintains order during strategic planning, decision making and problem solving. It is useful for
daily routine management, problem-solving process, project management, continuous development, vendor
development, human resources development, new product development and process trials, etc.

In our methodology, the Deming cycle was modified as shown in Figure 1. The methodological cycle for
strategic decision making in HE was upgraded with the application and adjustment of the methodology on
case study of e-learning implementation in HE. It consists of two wider goals as two concentric cycles; the
inner cycle representing different phases of general methodological approach described below, and the outer
cycle representing case study of e-learning implementation in HE described in the following sections. Further
iterations may add additional cycles representing new use-cases of given methodological framework
(technology transfer, human resources development, inclusive curriculum development etc.). They can
provide validity checks, as well as motivation for methodology upgrade.

{ inclug;
e,\eammg (1. Uding
X

O,O@

I. Development of a methodological framework for
strategic decision-making in higher education

II. Application, adaptation and evaluation of
methodological framework in case of e-learning
(including open and distance learning, ODL)
implementation

. Identification and research of the problem

. Design of decision making methodology

. Implementation and monitoring of strategic
decision

. Evaluation of the effects of strategic decision

B wWN =

Figure 1. Double cycle of strategic decision making — case study of e-learning (including ODL)

The cycle of strategic decision making, in our case it is the one in HE, consists of four phases: (1)
Identification and research of the problem, (2) Development of the methodology of strategic DM, (3)
Implementation and monitoring of strategic decision and (4) Evaluation of the effects of strategic decision.

In the first phase called Identification and research of the problem, the problem is going to be
identified and the research of the problem, using situation analysis, conducted. In this phase the methodology
for institution readiness assessment can be applied. Further, an additional modelling - the diffusion of
innovation (DOI) developed by Rogers (Rogers, 2003), is valuable in this phase. According to the theory of
DOI, diffusion is a process for transfer of innovations through certain channels, over time and among the
members of a social system. Thereby, innovation implies every “idea, practice, or project that is perceived as
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new by an individual or other unit of adoption” (Rogers, 2003). In this phase key factors for assessment of
organization’s readiness for a decision about adoption of innovation and key performance indicators for the
measurement of diffusion of innovations performance in a specific implementation case can be defined.

In the second phase called Design of decision making methodology, based on the improvement of
multi-criteria decision analysis enabling, better strategic decision making must be done. The methods used in
this phase are multi-criteria decision making methods (MCDM) such as the AHP (Analytic Hierarchy
Process) and the ANP (Analytic Network Process) (Saaty, 2001). Other methods can be also used, for
example PROMETHEE and ELECTRE, or some of the ideal point-based multi-criteria decision methods
(Estrella et al. 2014). In our experience and research it is convenient to use the AHP and ANP BOCR
(Benefits, Opportunities, Costs, Risks) models for group decision making (Begicevic et al., 2007). The results
can be analyzed by using sensitivity analysis. According to the purpose and aims of decision making, the
multi-criteria variant of cost-benefit and risk analysis can be used.

In the third phase called Implementation and monitoring of strategic decision, decision making
supported by developed decision making methodology is conducted. This methodology helps decision
makers to prioritise objectives and alternatives. The objectives and alternatives are presented in a hierarchical
(AHP), network BOCR (ANP) structure or in a decision making table (PROMETHEE or ELECTRE).
Decision makers are able to drill down to their level of expertise, and apply judgments to the objectives and
alternatives considered important for achieving the goals as well as prioritize alternatives.

In the process of group DM, the alternatives are prioritized and decision is made and implemented based
on the obtained results. Parallel with the implementation, it is crucial to have a monitoring of the
implementation of decision. To ensure monitoring, it is important to identify factors that determine
effectiveness of implementation, their correlation and design of measuring the model for maturity and
effectiveness of the decision implementation (KPI — Key Performance Indicators). In order to build a model
for the assessment of the organization’s maturity to implement and monitor the decisions, BSC Balanced
Scorecard, Enterprise Architecture for BPM or CMMI (Capability Maturity Model Integration) can be used.

Monitoring the process of implementation of the strategic decision is based on milestones and other
measurable indicators. Monitoring and evaluation are strongly linked and must be both based on reliable,
accurate and updated data. Therefore, the purpose of monitoring is to collect relevant data to demonstrate the
results of strategic decision implementation. The purpose of the evaluation is a rigorous and systematic
assessment of the strategic decision implementation’s success.

In the fourth phase called Evaluation of the effects of strategic decision, several standard qualitative
(econometric analysis, cost-benefit analysis, multi-criteria analysis, regression analysis etc.) and quantitative
(stakeholder perspective, document analysis, internal consistency of the strategy and external effectiveness,
benchmarking, in-depth case study, Delphi panel, etc.) methods can be implemented, but some innovative
approaches such as Pearl’s structural causal models for the identification of the effects of strategic decision.
Evaluation phase also encompasses feedback that informs policy makers and is used as an input for starting a
new cycle of strategic planning. For the evaluation to be meaningful, the strategic goals must be SMART,
meaning that the objectives are: Specific, Measurable Achievable, Relevant and Time Bound.

In the following sections the main stages of the outer cycle with emphasis on the e-learning
implementation in HE are described.

3.1 Identification and Research of the Problem —e-Learning in HE

In general, the identification and research of the problem phase consists of three parts: (1) Analysis of supply
and demand using situation analysis, (2) Determination of diffusion indicators and success, (3) Determination
of readiness for innovations.

Situation analysis includes the analysis of present state, research of the problem and analysis of potential
solutions. The methods which can be applied at this stage are: recording of the current situation, case study
research and different types of qualitative analysis. These methods enable identification of key factors related
to the identified strategic problems in HE and define the responsibility for solving those problems.

When modelling the diffusion of innovation, structural equation modelling (SEM) and social network
analysis (SNA) can be used to identify: 1) key factors for assessment of organization’s readiness for a
decision on the adoption of innovation in a particular social environment, and 2) key performance indicators
for the measurement of diffusion of innovations’ performance in a specific example on e-learning
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implementation. We emphasize here the theory of diffusion of innovations according to Rogers (Rogers,
2003), which is almost completely ignored within the existing research.

In this phase, the methodology for readiness assessment, for the purpose of strategic decision making,
used to be applied. In the context of our case study of e-learning implementation in HE, the starting point is a
methodology for e-readiness assessment based on CID methodology. CID methodology was developed by
the Center for International Development at Harvard University (CID, 2006). It is a diagnostic instrument for
the assessment of society’s readiness to use ICT, and it was originally based on indicators in five categories:
access, education, society, economy and policy. Upgrade of CID methodology is necessary in order to
accommodate the problem’s needs and to cover, at least, the following areas: Access to technology; Digital
literacy and willingness to change of staff and students; Expectations from society and economy; Educational
goals, policy and their funding. The co-authors of this paper conducted an extensive research on e-readiness
and adapted the methodology in Kosovo from 2010 to 2011, and accordingly developed the strategy of
e-learning for pre-tertiary education within the EU IT Pilot Project in the Field of Education in pre-tertiary
education in Kosovo (Divjak, Begicevi¢ Redep, 2012).

Methodology for e-readiness assessment can be complemented by the use of qualitative analysis, in-depth
interview with stakeholders, focus groups or panel discussion. This is very important for HEIs due to
institutional autonomy and participation of staff and students in strategic DM. Therefore, raising awareness
of new challenges and potential benefits is at the very core of strategic DM in HE. A HEI finishes the first
phase with understanding the objectives or reasons why an organization wishes to establish e-learning
education, and the support garners from the various institution stakeholders (Tucker, Gentry, 2009).

3.2 Design of Decision Making Methodology — e-Learning in HE

The development of methodology for strategic DM in HE covers three basic stages: 1) Choosing the most
appropriate multi-criteria decision making methods (MCDM) related to the problem characteristics, 2)
Improving methods for MCDM, and 3) Building models for decision making using MDCM.
The main hypothesis at this phase is that by adjusting and implementing the methodology of multi-criteria
decision making analysis (MCDM), it is possible to improve the quality of strategic decisions in HE.
Decision making in HE has several perspectives and dimensions. The main perspectives are personal,
institutional and public. Key factors that make decision making in HE more difficult are: complexity; weak
structure and interdependence and decision making at multiple levels in the hierarchy (national, university,
faculty/institute, department/division, personal level). The criteria by which it is possible to describe
alternatives for making strategic decisions in HE have both qualitative and quantitative characteristics.
Considering the characteristics we described, it is desirable that the methods for the analysis of decisions
in HE have the following features: support for multiple criteria decision making, support for structuring of
decision problems, support for modelling dependencies between the elements of decision making, the
intensities of the criteria have to be expressed in qualitative and quantitative scales, support for group
decision making, performing sensitivity analysis and risk analysis, as well as cost-benefit analysis. Existing
methods for multi-criteria decision making only partially meet these requirements. Therefore, it was
necessary to improve the methods for decision analysis in order to fit strategic decision making in HE. The
starting points were methods for multi-criteria decision making: AHP and (Saaty, 2001). AHP provides a
hierarchical structuring of decision making problems, and ANP models provide interdependencies of the
problem via network. The AHP and ANP can be used to create a BOCR (Benefits, Opportunities, Costs,
Risks) decision making models for group decision making on problems in HE. Other methods available are
PROMETHEE, ELECTRE, and the ideal point-based multi-criteria decision methods and they can be used if
they are more appropriate for solving a specific problem in HE. Due to the importance of cost-benefit
analysis for decisions making in HE, the multi-criteria variant of cost-benefit analysis can be useful. If risks
are identified in making strategic decisions in HE, it is important to have a risk management strategy.
Activities in risk management can be prioritized by hybrid methodology. Monte Carlo simulation can be used
for the analysis of financial risks. Risks associated with prioritization can be analysed by sensitivity analysis.
In the stage of building a model for decision making using MCDM, models that incorporate methods
from previous stage are built. In stages 2) and 3), the qualitative analysis, survey, factor analysis and
clustering (to determine participants in the process of group decision making) can be applied.
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3.3 Implementation and Monitoring of Strategic Decision — e-Learning in HE

In the phase of implementing a strategic decision, individual or group decision making must be conducted
and the made decision implemented. We propose the decision making methodology designed for strategic
decision making in HE is based on the MCDM methods. In that context we have already mentioned AHP and
ANP BOCR methods as the methods used for building the decision making models. However, other MCDM
methods can be used according to the analysis in the previous phase.

The AHP/ANP BOCR models helps groups to structure decision into objectives and alternatives,
prioritise objectives and alternatives, and justify decisions using sensitivity analysis. It is important to choose
the participants in group decision making with specific knowledge; this makes them competent to assess and
give judgments in the process of group decision making on some strategic issues. Results of group decision
making are the objective’s relative significance and priorities of the alternatives, gained by judgment
synthesis of participants included in decision making process. Sensitivity Analysis offers a stable solution,
but it also enables the change of input figures as well as observing consequences on priorities of the
alternatives. Sensitivity Analysis is used to investigate the sensitivity of the alternatives to changes in the
priorities of the objectives. In the process of group decision making based on the developed models, the
alternatives are prioritized and the best alternative is implemented. Parallel to the implementation, it is crucial
to have monitoring of strategic decision.

The implementation of strategic decisions, along with strategic goals, requires the adoption of related
action plan which includes: activities, responsibilities, deadlines, costs, indicators and prerequisites for
implementation. In general, the methodology is based on the following methods and models: 1) BSC
Balanced Scorecard: in order to define indicators i.e. KPIs (Key Performance Indicators) to monitor the
implementation of strategic decision; 2) Enterprise Architecture for BPM (Business Process Management)
for modelling and management of activities; 3) CMMI (Capability Maturity Model Integration) to assess the
level, of process capability and maturity of organizations for the implementation of strategic decisions.

In order to build a model for assessment of the maturity of an organization for implementation and
monitoring of strategic decisions in HE, CMMI model can be used. Accordingly, the relevant criteria for
assessment of capability levels for the process of implementation and monitoring of strategic decision in HE
must be defined. Process capability levels are the basis for determining a maturity level of the organization,
which is an indicator of its readiness to implement the strategic decision.

Additionally, the success of the implementation and monitoring of strategic decisions in HE can be
assessed by using KPIs (related to BSC and BPM) and econometric methods (ROI, productivity, efficiency,
profitability, etc.), This must be done with significant adaptation to the environment in order to interpret what
notions of productivity, efficiency and specially profitability mean in HE. These indicators are related to
three important project-oriented objectives: time, quality and cost.

3.4 Evaluation of the Effects of Strategic Decision — e-Learning in HE

The evaluation of the effects of a strategic decision in HE is very rarely researched or even performed on
systematic basis in HEIs. However, the results of such evaluation should have a major impact on the
following cycle of strategic planning. Therefore, the methods for strategy evaluation must be carefully
selected and applied, and the evaluation results must be announced and used as lessons learned. In the phase
of evaluation, different quantitative, qualitative and mixed methods can be used. The quantitative methods
that can be used are econometric analysis, cost-benefit analysis, multi-criteria analysis and regression
analysis. The qualitative methods that can be used for the evaluation of the effects of strategic decision are
stakeholder perspective, document analysis, internal consistency of the strategy and external effectiveness,
benchmarking, in-depth case study and Delphi panel. In our methodology we also suggest using some
innovative approaches, such as Pearl’s structural causal models to identify the effects of strategic decision.

Pearl’s structural causal models can be used for the identification of strategic decision effects. J. Pearl’s
interpretation of causality enables quantitative modelling of causal concepts in dynamic systems. After the
groundbreaking work in Bayesian networks and probabilistic reasoning, Pearl has been developing his
structural causal models (SCMs) for the last 20 years. Using SCMs, we replace informal causal utterances
with probabilistic queries. For example, we can say something about “why the system behaves in certain
way” (explanation) or “how would the system behave under external actions” (prediction).

24

www.manaraa.com



International Conference e-Learning 2015

The research on this paper topics continues in the scope of the project “Development of a methodological
framework for strategic decision making in higher education — a case of open and distance learning
implementation” (HigherDecision) supported by Croatian Science Foundation and planned for the period
2015-2019. Primary goal of HigherDecison project is to develop a complete methodology for strategic DM
and the monitoring of its implementation in HE. Two basic components of the project are: 1. Development of
methodological framework for strategic DM and monitoring of its implementation; 2.Application, adjustment
and evaluation of methodology on the example of decision implementation on e-learning (ODL).

4. CONCLUSION

HEIs today are facing many challenges, but also vast opportunities for change. The core question is how to
use the opportunities despite restrictions in funding, international competition and internal resistance to
change in order to better fulfil their fundamental mission. One of the biggest opportunities is the
implementation of educational technologies that can serve many institutional goals, such as enhancing quality
of teaching and learning, strengthening outreach and also raising profits. However, the process of strategic
DM is even more complex in HEIs than in other organizations due to the nature of HE system and its role in
the development of society, economy as well as in students’ personal development. In order to systemize and
improve the process we proposed the methodology called strategic decision making cycle that includes four
phases. We also proposed the listed methods that can be used in each phase, as well as some specifics of
decision making in HE and especially when e-learning is concerned. A summary is given in Table 1.

Table 1. Summary of strategic decision making cycle in HE

Phase of the Approaches Specifics of HE Methods
cycle and e-learning
Identification Needs and Stakeholders’ Situation analysis
and research of | situation analysis | involvement Case study research
the problem Readiness E-readiness Different types of qualitative analysis
assessment Consciousness Structural Equation Modelling (SEM)
Diffusion of raising Social Network Analysis (SNA)
innovation Upgraded CID methodology for e-readiness assessment
Development Analysis of Benchmarking BOCR AHP and ANP, PROMETHEE, ELECTRE
of potential of HEIs Ideal point-based MCDM
methodology solutions Modelling Multi-criteria variant of cost-benefit analysis
for DM MCDM dependencies Hybrid methodology of risk management — Monte Carlo
Cost-benefit and and group DM simulation and Sensitivity analysis
risk analysis (AHP & ANP Different types of qualitative analysis
with BOCR) Factor analysis, Clustering
Implementation | BSC, KPI, BPM Interpretations BSC Balanced Scorecard
and strategic CMMI of econometrics | Enterprise Architecture for BPM (Business Process
decision PPM and use of KPIs | Management)
monitoring and PPM CMMI (Capability Maturity Model Integration)
Econometric methods (ROI, productivity, efficiency,
profitability)
Evaluation of Qualitative, Stakeholder Qualitative methods - stakeholder perspective, document
effects of the quantitative and perspective analysis, internal consistency of the strategy and external
strategic mixed methods analysis effectiveness, benchmarking, in-depth case study, Delphi
decisions Structural causal In-depth case Quantitative methods - econometric analysis, cost-benefit
models study to find out | analysis, multi-criteria analysis and regression analysis
causes & effects | Innovative approaches - Pearl’s structural causal models

Finally, many open questions still remain and therefore the need for further research. In the phase of
problem definition and exploration different stakeholders must be involved in order to contribute to
development of goals and alternative solution. Different stakeholders have diversified goals and expectation
of HE. However, if group decision making is facilitated in effective and efficient manner, solution can be
reached and implemented. Nevertheless, implementation monitoring and evaluation are neither a common
practice in HEI nor a well-researched area. Finally, the proposed research could have a reach beyond HE.
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ABSTRACT

Adaptive eLearning systems are able to adjust to a user’s learning needs, usually by user modeling or tracking progress.
Such learner-adaptive behavior has rapidly become a hot topic for eLearning, furthered in part by the recent rapid
increase in the use of MOOCs (Massive Open Online Courses). A lack of general, individual, and situational data about
student populations currently hampers the infusion of effective adaptive behavior into existing eLearning platforms. This
contribution presents original research on using differences in individual learning styles. Factors related to performance,
motivation, satisfaction, and previous knowledge were targeted and used to assess the effectiveness of the approach. We
discuss alternative bases for adaptation (e.g. cognitive styles), style distributions in student populations, and conclude
with repercussions for adaptive behavior in HCI in general.
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Adaptive eLearning, Learning Styles, eLearning, Inter-individual Differences, Learner Satisfaction, Motivation

1. INTRODUCTION

Recently, MOOCs have seen a rapid increase in use, both in the number of courses that are on offer, often for
free, as well as in attendance per course, with participant numbers surpassing 230,000 for individual courses
(Jordan 2014). Additionally, students are drawn from increasingly heterogeneous population groups (e.g.,
regarding age or cultural and educational backgrounds) (Ha 2014). There is every indication that such
development will be continuing for the coming years, as additional universities, companies, educational
alliances, and funding agencies are increasing their commitments, and as MOQOCs (along with eLearning
systems in general) are frequently seen as a suitable instrument to further social inclusion on national and
international levels. Last, the continuing increase in the use of mobile devices can be expected to additionally
increase the use of eLearning, as learning can spread to more diverse settings, contexts, and locations outside
the traditional classroom. This creates new challenges for human-computer interaction in eLearning systems.
Compared to traditional, classroom-based learning, eLearning is characterized, among other differences,
by a dramatically decreased instructor/student ratio (with less time and less other resources available per
student) and a dramatically increased variation in the student population and in contexts and patterns of use.
In brief, there exists less option for the instructor to adapt and mediate a course’s content to the individual
student, and more need to do so. This is a gap that eLearning systems need to increasingly fill. In the fields of
CSCW and Ubiquitous Computing, there has been a significant amount of research on systems that leverage
communication or exchange between learners and instructors, or among learners, aiming to bridge this gap
(e.g. Abowd et al. 1999, Di Cerbo et al. 2010). In such systems, chats, message boards, or shared documents

! Excerpts of this paper have already been presented as a short article (poster) at the Human Computer Interaction Conference, Munich,
in September 2014.
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help to create social awareness and ease getting in touch with fellow learners. Other contributions pointed to
beneficial effects of guidance or framing in facilitating collaboration among learners in MOOCs
(Kizilcec 2013). While such approaches certainly represent important contributions to effective eLearning in
general, we believe that a promising approach to filling the gap lies in tailoring or mediating the standard
content of online courses such that it will adequately fit and adapt to students’ individual backgrounds and
learning styles. The goal is to maintain efficiency and effectiveness of the individual learning experience.

Adaptivity seems of specific importance for eLearning, due to learners’ differences in goals, learning
styles, previous knowledge, and backgrounds, and because elLearning systems permit creating individual
learning paths (Brusilovsky 1996). Adaptive eLearning systems should be able to respond to individual
variables and provide a personal access to learning material (e.g. by adapting it to individual needs). This
contrasts with the current state of eLearning systems, in which material is largely available in the same
format for all learners (Hauger & Kdack 2007).

A number of important learner variables to which a system can adapt address cognitive factors. Mayer
and Massa (2003) differentiate between cognitive abilities (i.e. what people are capable of doing), cognitive
styles (i.e. ways in which people process and represent information), and learning preferences (i.e. ways in
which people like information to be presented to them). We will employ this categorization, while referring
to Mayer and Massa’s learning preferences as learning styles. One should take note that the terms cognitive
and learning styles are not used consistently in the literature, nor are they always precisely defined (Riding &
Cheema 1991). Riding and Cheema describe learning styles as a type of cognitive style for a learning
situation. Hartley (1998) considers learning styles as the learner’s individual way to solving a learning
exercise. The terms are used in educational psychology to describe inter-individual differences in learning
contexts (Dung & Florea 2012). Such inter-individual differences in abilities and styles correspond to the tier
of individual factors described by Bertel (2010) in a tiered factor user model for joint human-computer
reasoning tasks.

This paper presents original research on whether an adaptation of eLearning material to inter-individual
differences in learning styles can increase learning effectiveness and efficiency, learner motivation, and
learner satisfaction. We will present a behavioral study and analyze and discuss resulting data, also with
regard to alternative bases for adaptation, such as cognitive styles, and to properties of distributions of styles
and preferences in relevant student populations. The paper will conclude with a discussion of possible
repercussions for adaptive behavior in human-computer interaction in general and of future work.

2. METHODOLOGY AND METHOD

For modeling learning styles on an individual basis, we chose to employ the Felder-Silverman Learning Style
Model (FSLSM; Felder & Silverman 1988), which, though originally introduced as a model for engineering
classes, has been suggested to be well suited for use with eLearning (Carver et al. 1999; Kuljis & Liu 2005).
Internal reliability of the FSLSM has been validated and tested in various studies (Felder & Spurlin 2005),
and the model is based on well-established learning styles, including the Myers-Briggs Type Indicator
(Briggs Myers & Briggs 1962) and the Learning Style Inventory by Kolb (1984) (Felder & Silverman 1988).
The FSLSM’s four dimensions of altogether eight paired styles are sequential/global, sensing/intuitive,
active/reflective and visual/verbal. To identify an individual’s learning styles, the self-reported Index of
Learning Styles (ILS) questionnaire can be used (Felder & Soloman n. d.). It contains eleven questions for
each dimension of the model. For the eight learning styles, it each distinguishes between balanced, moderate,
and strong style expressions (cf. Figure 1). An individual learner’s expressions on each of these styles are not
to be seen as preferences fixed for life, but as variable ones, depending on the learning context.

verbal 4——H+—H—+—+——""+—"1+—

> visual

strong, moderate, learning style

Figure 1. Visual/verbal dimension of the FSLSM and their possible values (based on Felder & Soloman n. d.).
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The visual/verbal dimension of the FSLSM addresses how effectively external information can be
processed through which sensory and cognitive modal channels. A predominantly visual learner remembers
best what she sees as pictures, diagrams, films, etc. or when she creates a visual mental image based on
external information. A predominantly verbal learner prefers words in written or spoken form to learn. For
instance, on the visual/verbal dimension, balanced learners are able to cope with both representation formats,
whereas strong visual learners will likely have problems to learn with verbal representations, and vice-versa.

Within the study reported here, we chose to focus on adapting eLearning material along the visual/verbal
style pair of the FSLSM, in part because the dimension well-investigated, also in cognitive style research, and
because a necessary adaptation of the presentation format of our learning material (in order to match with
either a visual or verbal learning style, e.g. as pictures or text) could be achieved with limited resources. It
has been argued elsewhere that ILS results can be used for creating user models in elLearning systems
(Paredes & Rodriguez 2002), and the instrument has in fact been employed for several studies of adaptive
learning environments (Dung & Florea 2012). Parvez and Blank (2007) argue that the FSLSM dimensions
and their characteristics are simple enough so that an integration of ILS results into eLearning systems
becomes feasible. Different learning objects, such as text, images, summaries, exercises etc., can be
developed for each dimension and style of the FSLSM.

The present study employed our own translation of the ILS into German. Internal consistency of the
translated version was good, as Cronbach’s o for the translated version and for items of the visual/verbal
scale was .66. This fits coefficients reported by other studies (e.g. Litzinger et al. 2007); it indicates sufficient
reliability of the translated instrument (>0.5 for attitude test, Tuckman and Harper 2012). Additionally, we
measured students’ individual cognitive styles via a translated version of the Revised VVQ by Kirby et al.
(1988). This is an adapted version of Richardson’s original Verbaliser-Visualiser Questionnaire (VVQ,
Richardson 1977), which, according to Jonassen and Grabowski (1993), is the most frequently used tool to
measure visual or verbal ways of thinking. Reliability coefficients for this measure for the verbal/visual
scales in our study were 0=.59 and a=.58, respectively. Though we could trace no other measurements of
reliability for the Revised VVQ to compare our scores (other than those provided by Kirby et al.) many
previous studies have employed the instrument (e.g. Choi & Sardar 2011).

We deem learner’s motivation to be essential for learning outcome and believe high motivation levels to
be an important precondition for sustained engagement in learning. Learning motivation can be labeled as
intrinsic or extrinsic. Pure interests and curiosity have been described to persuade students to learn in a
focused manner, requiring little external interventions for sustained learning, as learning is done mostly for
its own sake (Brandstatter et al. 2012). In this study, we determined participants’ intrinsic motivation based
on a self-reported questionnaire by Isen and Reeve (2005). To determine satisfaction with the learning
material, we designed a self-reported questionnaire.

Few previous studies have employed the visual/verbal learning style of the FSLSM in the context of
adaptive elLearning (e.g. Brown et al. 2006). While these usually focused solely on measuring
performance-related outcomes, we chose to take matters a step further for this study and also focused on
emotional factors related to learner satisfaction and motivation. One can argue that, as learners are more on
their own during eLearning than during traditional learning formats, there exists more need for sustained high
learner motivation. Self-regulated learning is often a challenge for many learners. Intrinsic motivation and
high satisfaction levels with the material are thus especially important. Our main research questions were as
follows: (Q1) Is there a positive influence of a good fit between the representation format of the learning
material and the learning style on learning performance? (i.e., do learning times decrease for constant
performance levels? Does performance increase with constant learning times?) (Q2) Does a good fit increase
learner motivation and satisfaction?

To answer these questions, we designed a study based on the Moodle eLearning platform. 53 participants
(26 female, 27 male), with a mean age of 25.3 years [20-34 years], participated voluntarily. There was no
reward in terms of money or credits. The study was conducted under laboratory conditions at
Bauhaus-Universitat Weimar to control and minimize effects of distraction and disruption on the study and
on learners’ concentration. Participants were either students, mostly of Computer Science and Media degree
programs, or university staff. They learned at computers and were told that they would be given a quiz about
the learning material. Participants were also provided with a questionnaire on their learning motivation and
satisfaction. The learning material was taken from an established eLearning course intended for future civil
engineers on the theory of oscillations, specifically from a section on the “Basics of Sound”. The chosen
chapters were comprehensible with secondary school knowledge, and no further instruction in physics or
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math subjects was required. The material was reproduced in two versions for the learning styles of the
visual/verbal dimension: one centered mostly on using illustrative diagrams, the other on using textual
descriptions. The lecturer of the original course acted as an expert evaluator and ensured that both versions
contained the same information and that expected learning times were each at 20 minutes.

The study was of mixed design. As the between-subject component, two groups (A & B) were formed,
which received the same learning units, however in different display formats (visual or verbal). We used
Moodle to assign a participant to a group based on her individual learning style, as established via the ILS
instrument. One half of all units were presented according to the individual learning style, the other half were
presented in the opposite format. The within-subject component contained the questions of the quiz, and all
participants were given the same set of questions. Based on the research questions, the independent variable
was the display format (or, more precisely, whether the format matched an individual learner’s style, or
whether it did not). As dependent variables, study time, test performance as well as learner motivation, and
satisfaction with the learning material were used. In addition, participants’ individual cognitive styles and
previous relevant knowledge were established.

3. RESULTS

As it turns out, three quarters of our participants had a visual learning style (in a simple dichotomy of visual
and verbal styles). This corresponds with findings of other studies that about 74% of students (N>2800) have
visual learning styles (for an overview, see Felder & Spurlin 2005). In natural science study programs, a
majority of students are visual (either moderate or strong), whereas the combined percentage of balanced and
verbal learners is comparably higher in social science programs (again, see Felder & Spurlin 2005).

16 16

i

23 10 4
strong moderate  balanced  balanced moderate strong visual
verbal verbal verbal visual visual

verbal - visual
Figure 2. Distribution of the subjects on the learning styles.

A correlation analysis and a set of ANCOVAs showed that previous knowledge had no influence on
learning outcomes, nor did it influence motivation, satisfaction, or learning times. Data from one participant
was removed before the statistical analysis was conducted because the boxplot of the study time identified it
as an extreme value (with more than the triple interquartile range). Another participant did not submit the
second part of the quiz; therefore his or her data was not included in the analysis of learning outcomes. As
most data was found to be non-normally distributed, we used nonparametric statistical tests (such as
Mann-Whitney-U). The two key findings of the study are that (1) there was no significant influence of a good
or bad fit between material format and individual learning style on study time and learning outcomes, but that
(2) there was a (often, highly) significant influence of a good or bad fit on learner satisfaction and motivation.

The main focus of the further analysis lies on the group of moderate to strong visual learners, as they
constituted the largest learning style group of our participants (see Figure 2). We will start by examining
performance-related measures (i.e., study times & learning outcomes as measured by performance in the
quiz). There were N=13 visual style learners in study group A (lesson 1: pictures, lesson 2: text) and N=10
visual style learners in group B (lesson 1: text, lesson 2: pictures). We found no significant differences in
study times for lesson 1 between groups A (M=13.63 min) and B (M=10.52 min) (U=40.00, Z=1,550, ns,
r=-.32), nor for lesson 2 (A: M=10.10 min, B: M=9.23 min, U=56.00, Z=—0.558, ns, r=—.12). Moreover,
we found no significant correlation between the individual cognitive style and study times in
matched/mismatched lessons among all subjects (N=52). Similarly, a comparison of learning outcomes
between groups A and B showed no significant differences for visual learners (lesson 1: A: M=79.86%, B:
M=75.00%, U=43.50, Z=—1,340, ns, r=—28; lesson 2: A: M=71.87%, B: M=72.29%, U=64.50, Z=-.031,
ns, »=—.01). There was no significant difference in performance results between lessons that were presented
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in pictorial and text form. There was also no significant correlation between matched/mismatched individual
cognitive styles and learning outcomes for all participants (N=51). This confirms findings by Koll6ffel
(2012) / Brown et al. (2006) who also did not find significant interrelationships between cognitive styles /
learning styles and learning outcomes in matched/mismatched courses.

To sum up: There were no significant effects of style match/mismatch on any of the performance-related
measures. As we will see in the following, this does, however, not imply that style-to-content
matches/mismatches are of no consequence for eLearning and that an adaptation of eLearning content to a
learner’s individual style would, therefore, be unimportant. Quite the contrary: A comparison of intrinsic
motivation levels between groups A and B after lesson 1 (again, for visual learning style participants) showed
a significant effect of matching learning style to content format (A, pictures/match: M=12.54, B,
text/mismatch: M=8.70, U=26.50, Z=-2.409, p<.05, r=—.50), though no such significant effect could be
found for lesson 2 (A, text/mismatch: M=12.23, B, pictures/match: M=10.60, U=51.00, Z=—0,873, ns,
r=—18). Visual participants who received pictorial material in lesson 1 were thus significantly more
motivated than visual participants who started with the text material. Interestingly, such high motivation
levels did not decline after the second lesson, which was presented as a mismatch (i.e., in text form). In group
B, participants started with text; for the visual participants, motivation increased significantly after lesson 2
in which material was presented as pictures. We believe that such dynamics of motivation level due to
alternating matches/mismatches merit further research for adaptive elLearning in particular, but also for
adaptive human-computer interfaces in general. One interpretation of our data is that high motivation levels
caused by style-matched material declines slowly during a mismatch, and that it rises more quickly when
mismatched material is followed by matched material.

Data on satisfaction with the learning material was gathered after each lesson, together with the data
about learner motivation that we discussed in the preceding paragraph. Again for visual participants, a
comparison of satisfaction levels in lesson 1 showed a highly significant difference between group A
(pictures/match, M=9.23) and B (text/mismatch, M=6.0) (U=23.00, Z=-2.654, p<.01, r=—.55). This group
comparison remained highly significantly different after lesson 2, although with a further increased effect
size (A: M=3.54, B: M=10.00, U=2.00, Z=-4.002, p<.001, r=-.83). Even within the groups, we found
highly significant effects of a style-matched presentation format on the satisfaction with the material. A
Wilcoxon signed-rank test showed highly significant satisfaction differences inside groups A (Z=-3.066,
p<.001, r=—.85) and B (Z=—2.712, p<.01, r=—.86). Visual learners were thus highly significantly more
pleased with pictorial material. They did not like to learn with text only. Interestingly, none of these tests
remain significant when aggregating data from all visual learners (including balanced visual learners). This
shows that the effects reported here are really related to an expressed visual learning style, and that learners’
individual strengths of style expressions may be just as important for designing effective adaptive behavior in
eLearning systems as a sorting into dichotomous visual/verbal categories.

A secondary finding of our study is that ILS and Revised VVQ scores (for learning and cognitive styles,
respectively) were highly significantly correlated. To compare the two models, we performed pairwise
correlation analyses of the visual/verbal answers of the ILS with the corresponding visual/verbal scales of the
Revised VWQ (visual-to-visual: r=.84, p<.01, for all our subjects, N=53; verbal-to-verbal: r=.50, p<.01). To
our knowledge, a significant correlation between these instruments has not been reported before.

4. CONCLUSION, DISCUSSION AND FUTURE WORK

The aim of this contribution was to see how adaptive behavior can be infused into an existing eLearning
platform by categorizing learners into subpopulations according to their individual learning styles, and by
then presenting learning material in different matched and mismatched versions for each subpopulation. To
this end, we created variants of learning material for an established elLearning course and conducted a
behavioral study to investigate effects of matching visual/verbal learning styles to corresponding material
formats onto learning performance, study times, intrinsic learner motivation, and satisfaction. For the
identification of the individual learning style, the Felder Silverman Learning Style Model was used, reduced
to the visual/verbal dimension of the model.
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We found no significant influences of a style-matched presentation of learning material on study time and
learning outcome. This finding is in line with former research on this topic. However, we equally focused on
emotional factors, such as learner motivation and satisfaction. For scores of these factors, a presentation of
learning material that is well matched to the individual’s style of learning turned out to be highly important.

Emotional factors should not be underestimated for eLearning, as they play a substantial role for
self-regulated learning. As Schiefele and Schreyer (1994) demonstrated, intrinsic learning motivation is
significantly positively correlated with measures of learning success, such as grades and test results, and high
intrinsic motivation encourages in-depth and conceptual forms of learning. In addition, Levy (2007)
identified learner satisfaction as a major factor in students’ decisions to complete or drop eLearning courses
(this is, in fact, a key problem of MOOQCs, specifically Jordan 2014). Even though the study on which we
reported here did not show a direct influence of style-matched material onto learning success, one could
argue that via the discovered strong influence of style-matched learning material on intrinsic motivation, as
well as via the influence of intrinsic motivation on learning success widely established elsewhere, an indirect
effect of learning style on learning success likely exists. This point clearly requires further and more
systematic research.

Further work is also needed to investigate the long-term impacts of style-matched courses on the
performance-related factors, either directly or indirectly via emotional factors. We thus suggest to conduct a
long-term study and to employ a suitable test-retest procedure that would have to be developed. Moreover,
there is a need to conduct such study with a larger sample to verify the results obtained here also for the
verbal learners. Ideally such investigation could be conducted in a real learning setting, as extrinsic
motivation, such as grades, also play an important, presumptively a negative, role (Lepper et al. 2005).

We argue that some of the findings presented here clearly have important implications for the design of
adaptive elLearning courses, as individuals would seem to benefit from style-matched course material. A
major factor of relevance of this contribution lies in establishing that a matched visual/verbal learning style is
a highly significant factor for the motivation and the satisfaction of the learner. We would also argue that
difficulties encountered in the present study by highly unbalanced distributions of learning and cognitive
styles in relevant user population of eLearning systems pose challenges not only for developing adaptive
eLearning systems, but for developing adaptive human-computer systems in general. When a user is
interacting with an adaptive system on a 1-to-1 basis, it is naturally inconsequential for effective adaptive
behavior how frequently that user’s specific cognitive or other styles (or preferences) are encountered within
the relevant user population. What remains important is that the adaptation occurs with respect to specifically
those styles (or preferences). For investigating how adaptation should best occur based on a given user type,
it is, however, far from being inconsequential how frequently such type is encountered. In the present study,
we were largely unable to draw conclusions about users with verbal learning styles, as such users were too
rarely encountered within the population of, mostly, STEM? students from which we sampled participants.
Excluding verbal style learners from using adaptive eLearning systems as a result does not strike us as an
attractive conclusion. This problem exists for interaction design in elLearning, as well as for all
human-computer interaction types for which inter-individually differing, individual factors of a user will play
arole.

We believe that a viable course of action may lie in combining quantitative measures about frequently
encountered user types with qualitative measures applied to the more infrequent types. This would have to go
hand-in-hand with a graduated approach towards confidence that the adapting system places in its actions, as
well with different degrees (i.e., strengths) of adaptation. A second, promising course of action could lie in
establishing a tiered user model (along the lines sketched by Bertel 2010), in which the generation of
adaptive behavior would resort to being based on general cognitive factors as long as more specific
information about a current user and his or her cognitive types or preferences is unavailable.

2 science, technology, engineering and mathematics
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A MOOC AND A PROFESSIONAL SPOC
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ABSTRACT

Higher Vocational Education is one of the most important educational forms. But in the course of implementation of
Higher Vocational Education, we find three inevitable questions: Higher Vocational Educational system's length of
schooling which is only three years is too short; the differences in personality of teachers affect the teaching effects; the
lower quality of the students disengaged their passion to learn. MOOC is a new teaching mode which has successful
cases such as a university computer course: a Computational Thinking Perspective of Shandong University. We refer to
the university MOOC - a Computational Thinking Perspective, to construct a professional SPOC teaching mode and
recur to the University MOOC in the process of teaching. Seen from the evaluation and suggests of teachers and students
joined the MOOC and SPOC, the teaching mode not only can stimulate the teachers' teaching enthusiasm, but also can
stimulate the students' learning enthusiasm.

KEYWORDS
University MOOC; Professional SPEC; Computational Thinking Perspective.

1. INTRODUCTION

With the fast-speed development of the modern information society, the recognition to the Higher Vocational
Education is increasingly high. And it has reached a situation that Higher Vocational Education even is
comparable to the University Education. Such a significant form of education also shows some inevitable
questions when it has been in the course of implementation:

The first question is Higher Vocational Educational system’s length of schooling. We must complete all
the courses including theory, practice, internship, and graduation design in three years which is too short.
And we must take into account the students' employment problems but also take into account the part of the
students into higher education.

The second question is the differences in personality of teachers. Most teachers in higher vocational
college are university graduates who have no much practicing or teaching experience. And less number of
teaches, larger number of courses, faster updating of the course contents have put forward a huge challenge
to our higher vocational teachers.

The third question is the quality of the students. The Higher Vocational College students have some
generalities: lower grades, poorer foundation, and less learning enthusiasm, which cause teaching and
learning more difficult. We must adopt better teaching methods to stimulate their learning enthusiasm, and
then they will get more useful knowledge.

Fortunately, a brand-new teaching mode called MOOC [1] (Massive Open Online Courses) provides a
feasible method to solve these problems above. In this article, we construct an appropriate professional SPOC
(Small Private Online Courses) in Higher Vocational Colleges after analyzing a university MOOC and recur
to the university MOOC in the process of teaching of the Higher Vocational College.
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2. RELATED RESEARCHES

MOOC originated in the openness of the internet based courses which can be found earlier in 2007. And in
the next year, Pr. Alec Couros in University of Regina developed an open online course called “Media and
Open Education (EC&I 831)”. Later, a true meaning MOOC called “Connectivism and connectivity
knowledge” attracted 25 students and 2300 free online participation of students [2,3]. In 2012 called the year
of MOOC, three world MOOC platforms - Coursera [4], Edx [5], and Udacity [6] began to provide courses to
worldwide learners [7]. The NMC Horizon Report of 2013 Higher Education Edition pointed out that
massively open online courses have received their fair share in 2012, and are expected to grown in number
and influence within the next year [8]. Today, we have seen that the prediction has come true.

MOOC is composed of five main elements: teachers, students, subject, learning materials and learning
situations [9, 10]. Through the reasonable combination and application of the five elements, it has obtained
the purpose of flipped classroom and improved efficiency, standard [11] by using MOOC. Nowadays, more
and more courses are joining MOOCs and more and more learners are using MOOCs.

In china, 4000 high quality courses had been constructed between 2003 and 2010. After 2011,
accompanied by the ministry of education of the implementation of the national fine-designed open courses,
more than 100 resource sharing lessons had been opened to public. On May 8, 2014, the Chinese University
MOOC was online which marked the arrival of the era of a new course.

3. AMOOC CALLED “UNIVERSITY COMPUTER FOUNDATION: A
COMPUTATIONAL THINKING PERSPECTIVE”

3.1 The Teaching Goals

In the course of “University Computer Foundation”, Pro. Hao provides three teaching goals which are:
Cultivating the students' information literacy, cultivating the students' computational thinking, and teaching
computing science knowledge.

3.1.1 Cultivating the Students’ Information Literacy (The First Ability)

Information literacy is the application and learning information technology in the work and finally obtaining
the ability to solve problems by using information technology have learned [13]. The ability also tells people
when you need information and how to find, evaluate and effectively use it.

3.1.2 Cultivating the Students’ Computational Thinking (The Second Ability)

Computational thinking is the ability using the basic concepts of computer science technology to solve
problems, design systems, and understand human behaviors, which covering a series of thinking activity of
the breadth of computer science[13]. The ability also tells people how to solve problem by using systematic
thinking.

3.1.3 Teaching Computing Science Knowledge (The Third Ability)

In daily life, the computer has become an indispensable facility. Mastering relevant computing science
knowledge which including computer basic knowledge, data structure, algorithm design, and program design
language and so on, has become the need of the times. The ability can make us well into the society, and deal
with the problems encountered.

Following these three progressive targets to cultivate the learners' ability, then they will well adapt to
social work and learn etc.

3.2 The Design of the Course

The design of the course determines the life of the course.

36



International Conference e-Learning 2015

3.2.1 Problem Exiting in Current Course

“University Computer Foundation” is a required course to non-computer major in college and has the
characteristics of large quantity and extent. Although has experienced several reforms, the teaching mode
based on computer operation skill is still a serious challenge in the course offered. Around 2010,
computational thinking for the reform of computer basis teaching had been widely recognized in domestic
and foreign universities. And the teaching design also is welcomed by the students and the colleges.

3.2.2 The MOOC Course Structure Design

The course structure design facing to the real work environment comes from the following train of thought:
. Information society needs information literacy,
. Information literacy comes from computational thinking,
. Computational thinking comes from computer knowledge.
Figure 1 shows the three layer model of demand of the course structure design.

Information
Literacy

Computational
Thinking

Computer Knowledge

Figure 1. The three layer model of demand of the course

3.2.3 The MOOC Knowledge Module Design

Closely around the three layer model of demand, we put forward the following basic process of calculating
by computer.

Algorithm
Desian

Algorithm

Computer
Program

Data
Structure

Figure 2. The basic process of calculating by computer

Referring to Figure 2, solving the problem of the conceptual model as the main line of computer, the
course includes seven knowledge modules:

(1) Introduction,

(2) Compute and Computer,

(3) Problem Solving and Algorithm,

(4) Data and Data Structure,

(5) Computer Program,

(6) Computer Network,

(7) Computational Science Frontier.

In the process of knowledge module design, a number of knowledge points [14, 15] and knowledge unites
[14, 15] are extracted to support the modules and courses.
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4. A PROFESSIONAL SPOC CALLED “HIGHER VOCATIONAL
COMPUTER PROFESSIONAL DESIGN: A COMPUTATIONAL
THINKING PERSPECTIVE”

4.1 Educational System

The length of schooling of Higher Vocational Colleges is not enough long, why? In a Higher Vocational
Colleges we have only four semesters to finish all professional courses and practice courses teaching, then
the rest two semesters are internship, and graduation design. In the process of teaching, we must take into
account the students' employment problems but also take into account the part of the students into higher
education. The best way to satisfy this requirement is fusing a few door edge professional courses to meet the
length of schooling. The MOOC in section 3 can finish the task. So we draw support from the MOOQOC's
thought.

4.2 The Differences in Personality of Teachers

As everyone knows, teachers in University have doctor's degree that have strong ability of research and
exploration including teaching and science technology, and the main goal of university is to culture talents
with high level and knowledge. While teachers in Higher VVocational Colleges have master's degree that have
lesser ability of research and exploration and lesser practical experience, and the main goal of Higher
Vocational Colleges is to train skilled talents. So in Higher VVocational Colleges, we pay much attention to
enhance teachers' practical ability and the same time we have less time to do scientific researches. So we can
draw support from MOOC's thought which launched by university professors.

4.3 The Quality of the Students

Lower grades, poorer foundation, and less learning enthusiasm are the main characters of the Higher
Vocational Colleges students. How to stimulate their learning enthusiasm is one of the most important
problems. And how to explain the learning content is also important. The organization of the courses content
and the proper teaching methods play an important role in the courses of teaching. Also we can draw support
from MOOC's thought which adopted flipped classroom etc.

4.4 A Professional SPOC referring to a University MOOC

After analyzing the problem exiting in Higher Vocational Colleges, we propose a professional SPOC
according to the university MOOC's idea.

4.4.1 The Professional SPOC Course Structure Design

According to the MOOC in section 3, the computer professional courses' structure design also facing to the
real work environment comes from the following train of thought:

* Information society need information literacy and information skills,

. Information literacy and information skills come from computational thinking(software and
hardware),

*  Computational thinking comes from computer knowledge (software and hardware).

Figure 3 shows the three layer model of demand of the professional SPOC course structure design.
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Information Literacy
And
Information Skills

Computational Thinking
(Software and hardware)

Computer Knowledge
(Software and Hardware)

Figure 3. The three layer model of demand of the specialty

4.4.2 The Professional SPOC Knowledge Module Design

Closely around the three layer model of demand of the specialty, we put forward the following basic process
of calculating by computer.

System
Desian

Intelligent
communication

Hardware
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Wiring
Engineering

Construction|

Algorithm
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Algorithm

Software
Question

Computer
Program

Data
Structure

Figure 4. The basic process of calculating by computer of the computer specialty

Referring to Figure 4, solving the problem of the conceptual model as the main line of computer, the
professional courses include two kinds of knowledge modules, and every module has several main courses:
(1) Hardware Module,

(a) Basic Knowledge of Computer,

(b) Computer Communication and Network,

(c) Introduction to Internet of Things,

(d) Internet Comprehensive Wiring Engineering,

(e) Audio and video system construction,

(f) Computer Room Construction.

(2) Software Module,

(a) Problem Solving and Algorithm,

(b) Data and Data Structure,

(c) Database Basics,

(d) Computer Program.

In the process of knowledge module design, a number of relevant courses are opened to support the
specialty. And we also join some edge courses in our main module to broaden the students' vision. For
example, we give lectures either by ourselves or inviting scholars of famous university.
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5. WHICH IS MORE SUITABLE TO OUR STUDENTS?

We have implemented according to the design in section 3 and 4 a month long. And the course is C Language
Program Design. We adopt the teaching method of flipped classroom as follows:

Students learn content by micro class video,

Students ask questions, teachers answer question, and students discuss,

Teachers interpret the micro content again,

Quizzing students in class and give an assignment next class.

In a month, we have gone on Select Statement and Loop Statement of C Language Program Design and
we have a statistic data of the course's learn state in table 1.

Table 1. The learn state before and after adopting the MOOC teaching method

Attendance(%0)? Enthusiasm(%6)° Quizzing result(Score)*
Before 82.3 23.0 734
After 87.6 435 86.0

Note: Table notes.
2Sample footnote A: the average of the attendance,

®Sample footnote B: the average of the number of hands to answer questions,

‘Sample footnote C: the average of every quizzing result.

According to Table 1, the rate of Attendance, Enthusiasm, and Score (Quizzing result) have raised much.
We see the effectiveness of the reform jauntily. Both teachers and students benefit from the teaching method.

There are three teaching modes which are the traditional teaching mode and the MOOC and the
professional SPOC teaching mode. Which is the most suitable teaching mode to our students? Yes, the
MOOC or professional SPOC teaching mode is.

6. STUDENTS' EVALUATION AND SUGGESTIONS

We cannot evaluate a kind of teaching method only from the perspective of the appearance. We should listen
to the views of students. We sent a questionnaire for teaching to make students’ feedback pointing at this
month's teaching. We put in order students' feedback as follows in table 2.

Table 2. Students' feedback to the MOOC and professional SPOC teaching mode

Feedback Content

We are willing to answer questions.
Positive  We are willing to discuss problems with teachers.
Feedback We would like to explain the class knowledge.
We like this lesson.
We must do a lot of work after class.
We must check the information in the library or surfing the internet
We must think over more problems.

Negative
Feedback

Note: Table notes.
The “Positive” and “Negative” are said to student..

In fact, the MOOC's thought which has been applied to teaching and specialty constriction is successful
from the results of students’ feedback. All feedback is motivating their learning interests which are the
ultimate aim of our teaching.
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TEACHERS' EVALUATION AND SUGGESTIONS

ost teachers approve the organization of the specialty and the teaching method. They can mobilize the
thusiasm of the students and bring passions to their own teaching process.
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ABSTRACT

In the context of education and training, competency measurement (CM) is a central challenge in competency
management. For complex CMs, a compromise must be addressed between the time available and the number of
dimensions to be measured or the quality of the measurements. Increasing the efficiency of existing tests for CMs
therefore poses a key challenge. An important approach to this challenge is computerized adaptive testing. For CMs,
there is currently a lack of integrated adaptive testing tools. This paper presents the implementation, integration and
evaluation of an appropriate adaptive component for the example of the learning management system ILIAS used for a
CM of health workers. The textbook scenario of a linear testing implementation is compared with concrete results from
the adaptive testing tool implementation, and the potential for increasing the test efficiency is demonstrated.

KEYWORDS

Competence measurement, adaptive testing, Learning Management System, ILIAS, testing efficiency

1. PROBLEM STATEMENT

Competence measurement (CM) is a central challenge in competence management. The more exact
competencies can be measured before a training, the more targeted a training can be (Klett 2010, North 2013,
Draganidis and Mentzas 2006). A formative or summative assessment following trainings and lectures offers
the foundation for monitoring learning progress. CMs can vary broadly in their application, ranging from
large-scale assessments (e.g. the PISA study) to self-testing.

CMs are characterized by their large scope. There are typically many dimensions to consider that in turn
depend on numerous characteristics of competency. Erpenbeck and Sauter differentiate various competency
classes, including personal, activity and decision-making, subject and method, and social-communicative
(Erpenbeck and Sauter 2013). According to Heyse and Erpenbeck, these can be divided into facets like
personal responsibility, decision-making ability, analytical or communication skills (Heyse and Erpenbeck
2007). The measurement task grows with every added dimension. If for example the mathematical and
linguistic abilities of a test subject are to be assessed, it is usually necessary to pose a distinct task for each.
Tests cannot however be extended to assess an arbitrary number of areas due to the fatigue of test subjects, to
the opportunity cost to the examiner (or test subject), or due to testing regulations. A reduction in
measurement quality or dimensionality must therefore be often accepted in current practice.

The question arises as to how the efficiency of actual CM test procedures can be improved and in
particular as to how the measurement quality can be raised for a test of fixed duration. Linear testing
procedures present an important point for improvement. There are weaknesses in the efficiencies of linear
tests of participant groups of heterogeneous abilities, as the tests must remain comprehensive to their groups.
This is reflected, for example, by the use of tasks of varying difficulty. At the same time, participants must be
presented with the same tasks, thereby being measured at a level that can be either too high or too low. Here,
computerized adaptive testing promises significant improvements in efficiency by being able to adapt to the
individual levels of participants as a test progresses. There is however a lack of tools to facilitate integrated
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adaptive competence measurements. This is the motivation of this paper. At the example of a CM for health
workers it will be investigated to what extend a computerized adaptive test (CAT) can increase the efficiency
of a CM. An appropriate tool will be implemented and evaluated. The following research questions follow:

RQ1: How must a tool for computerized adaptive competence measurement be constructed?

RQ2: Can a CAT increase the measurement efficiency of a competence assessment?

Remarks on computerized adaptive testing will follow in section 2. In section 3, the requirements of an
integrated tool for adaptive competence measurements will be presented. The system choices for the
implementation of the CM for health workers will be discussed there. The implementation will be presented
in section 4. The developed tool will be evaluated in section 5. The discussion and interpretation of the
results comprise the conclusion in section 6.

2. COMPUTERIZED ADAPTIVE TESTING

Computerized adaptive testing dates back to the seventies, when powerful computers became increasingly
available (Lord 1976, Lord 1980, Weiss 1982). Numerous publications have more recently addressed specific
aspects of adaptive testing, like impacts on participants and motivation (Frey et. al 2009, Tonidandel et. al.
2002) or content balancing strategies (Zheng et. al. 2013), while others provide comprehensive
considerations (Van der Linden and Glas 2000).

The special feature of CATSs is that the compilation of their tasks (items), and thus the level of the exam,
is first established during the test and is dependent on the ongoing performance of the tested person. A more
difficult task will typically follow a correct answer, and vice versa. For the purposes of this, each item has a
numeric value representing its degree of difficulty. These values are usually determined in a calibration
phase, during which the tasks are given to a comprehensive group of test subjects whose performance is
factored into the statistical models presented below. CATSs thus provide an individual testing experience to
each participant and thereby increase testing efficiency as compared to with classical linear methods, as items
deemed too easy or difficult can be excluded and each item becomes diagnostically useful.

CATs aim for the maximum possible performance of the test person. Their goal is to adapt to problems
for which the examinee has a 50% success rate. Unlike for a linear test, performance cannot be measured by
the total number of correctly answered questions, due to the varying difficulty of the questions. For this
reason, CAT is bound by Item Response Theory (IRT), which allows for an assessment of performance based
on the answered tasks rather than on the test itself (Baker and Kim 2004, Harvey and Hammer 1999). The
numerical ability parameter (0) reflects the competency level of the participant and replaces the relative
number of correct answered questions as the test result. The standard error of the test result is calculated in
real time and provides a measure of the accuracy of the assessment.

CATs must be separated into branched and tailored types. While for the former a branch of questions is a
predetermined function of the participant’s answers, for the latter the participant’s testing level is recalculated
with each answer and the subsequent questions are chosen accordingly from all available tasks in the item
pool. This offers greater efficiency (Kubinger 2009).

3. IMPLEMENTATION CRITERIA & SOFTWARE IDENTIFICATION

The requirements for an 1T-based integrated CM tool will be defined in this section. General requirements
and criteria from the applied sample CM for health workers are mentioned at first. The system selection for
the CM implementation follows.

Both open and closed questions are of interest for CMs. Closed questions like multiple-choice facilitate
an economical assessment of knowledge due to their simple structure. More complex types can address
functional capacity (e.g. requiring the examinee to select the proper region of a figure). Open questions, like
free text entries, can assess complex skills (like communication or problem-solving skills e.g. through the
structuring of answers). The possibility for both open and closed questions is therefore a necessary criterion
for task creation. Multimedia-based elements can add significant value to a CM by increasing the action of
the relevant task. They can present complex stimuli (Brunken et. al. 2003) that support the situational and
contextual integration of the tasks and likewise promote the transferability of the test results to real-world
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situations (Bennett 1999, Jurecka and Hartig 2007, Mayer 2005). The availability of multimedia elements is
therefore another required criterion. As tailored testing offers the greatest potential for increasing testing
efficiency, the availability of an adaptive component that supports tailored testing is also required.

After these general requirements, criteria for the use as testing software for health workers will be
derived. The vocational training of health workers in Germany follows a dual-study system. The training
takes place in both a medical practice and a vocational school and requires the completion of an intermediate
and final examination. The tool should work for both a large-scale summative assessment in the vocational
school and an assignment in the medical practice, e.g. a formative self-test. Consequently the test tool should
be highly scalable and applicable under heterogeneous conditions. These requirements could also be applied
as a typical scenario for many other professions. At the same time, the evaluation must be able to provide
feedback to the tested persons. The criterion of an intuitive user interface is necessary to minimize barriers
for test takers not having high levels of computer literacy. As the final examination of the health workers is a
summative assessment, it is essential for the later evaluation that the results are classifiable. A functionality
for the archiving of test results is necessary. The encryption of data transfers and secure data storage address
requirements for the testing security as set by the German federal states. Meeting these requirements ensures
that the tool could be used for examinations or training purposes in future.

The test should be split into adaptive and multimedia-based parts, such that the efficiency of the CAT
could be optimized regarding its layout. Multiple-choice questions without multimedia elements ensure that
the test remains as simple as possible. For the multimedia-based part, graphics, videos and free text tasks are
required to increase the activeness. The multimedia-based test will not be discussed here, as this paper
focusses on the increase to the test efficiency through CAT.

To identify a suitable software solution, a market analysis was conducted. Following Webster and Watson
(Webster 2002), a literature search was carried out using the keywords e-assessment, computer-based
assessment, computerized assessment and computer-based testing, in both English and German. Through the
search engines Google and Bing, 136 potential software solutions were subsequently identified.

Since no software could be found satisfying all criteria, focus was turned on finding the most expandable
solution. All adaptive solutions lacked in several criteria like the opportunity to integrate multimedia
elements, shortcomings in testing security, and test management. In contrast, six software solutions satisfied
all criteria except for having an adaptive testing functionality. They were therefore examined more closely.
The analysis was performed using the categories of issue management, test management, security,
interoperability, usability, and reliability.

On this basis, the test component of the learning management system ILIAS (ILIAS 2015, Kunkel 2011)
was selected for further development. As an open-source software in a standard programming language,
PHP, ILIAS offered complete freedom for customization and the long-term availability. Being web-based
and platform-independent, the solution satisfied the requirement for usability under heterogeneous
conditions. The client server structure allowed for the central storage of all test data. In the event of a system
crash, tests can be resumed from the appropriate place. There was also high scalability with support for
extensive user management and numerous simultaneous users. ILIAS offers eleven question types. The
analysis is largely omitted and allows for summative and formative efforts.

4. IMPLEMENTATION

In section 4.1, the concrete requirements for the implementation are described based on the functional criteria
from section 3. The CM realization is presented in paragraph 4.2.

4.1 Requirements

The CAT should diverge as little as possible from other ILIAS functionalities in order to avoid barriers to the
usability. For maximum compatibility, the CAT should work with the same system requirements than
standard ILIAS (ILIAS 2015, Kunkel 2011). Solely a limited increase in computing power will be necessary
due to the CAT algorithm. However it should be limited as the test has to be usable under heterogeneous
conditions in the vocational schools or medical practice.
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The CAT should be based on Item Response Theory (IRT). By using IRT, it is possible to connect the test
results with one or more latent variables on an empirical foundation (Baker and Kim 2004, Embretson and
Reise 2000). In the current case of performance testing, one latent variable is considered to be the
participants’ ability to solve the test items (6), which is consequently represented as latent trait. The modeling
of the corresponding representation, which allows the statistical calculation of the latent trait, should be done
using the Rasch model. It assumes that a person’s ability to solve a test item is based on the persons’ latent
trait — represented by the estimation of a weighted likelihood estimate — and the difficulty of the item
— represented by a response model parameter estimate. Both parameters are estimated based on solution
probabilities and are interdependent in iterations (Bond and Fox 2007, Fischer and Molenaar 1995).
According to the Rasch model, whether or not a person solves a problem depends only on his or her ability
and on the difficulty of the task, which are both measured on the same scale. This is a strong assumption,
with the advantage of facilitating the modeling of the adaptive test solely on these parameters.

An extensive calibration phase (cp. 5.1) was conducted to determine the difficulty of the tasks and decide
whether a one- or multi-dimensional competency model should be used. A one-dimensional model was
selected as multi-dimensional models showed no significant increase in precision. However, the possibility to
expand the tool later for multi-dimensional CMs should exist. There are various one-dimensional estimation
methods that implement IRT (Van der Linden and Glas 2000). Since the tasks were predominantly developed
from scratch and there existed no prior experience in the calibration of the CAT, the simplicity and
robustness of the estimation method are a priority, given the complexity of the procedure and the precision of
the measurements. The expansion for adaptive testing was divided into three parts, namely (1) the creation of
tasks, (2) the processing sequence during the test procedure and (3) the storing of the test data and the
evaluation of the test results.

For the creation of the adaptive tasks (1), the ILIAS task template must be extended. The difficulty of
each task needs to be added as numerical value to each question type. A second numerical parameter should
be created to assign different competency dimensions to the tasks for a potential later multi-dimensional CM.
Furthermore the possibility should exist to deploy a task as adaptive or non-adaptive in different tests.
Therefore an additional Boolean parameter should be added.

The processing sequence during test procedure (2) in case of a CAT must be constructed as the test
progresses. In contrast ILIAS uses for sequencing tasks an initial test sequence, which is not changed during
the test. Even though ILIAS offers an option for randomized item selection, only the initial sequence is
generated randomly in this case. Therefore, a constant reordering of this test sequence during the test has to
be implemented. There are three determining factors for the adaptive testing procedure. These include
(a) item selection during the test, (b) item selection at the start of the test, and (c) the conditions for the
completion of the test (Van der Linden and Glas 2000, Mills and Stocking 1996). All factors depend directly
on the used estimation method. The expected a posteriori (EAP) approximation of Bock and Mislevy (Bock
and Mislevy 1982) is chosen, combining decent precision with high robustness and low computing
requirements. EAP is a Bayesian method. For item selection during the test (a) after each completed task, the
ability parameter of the participant (0) is estimated and subsequently the most informative unused item for
the current 6 (= item, whose difficulty is next to (0)) is selected. EAP offers a small bias and standard error
compared to other Bayesian methods (Wang 1997). The EAP estimates are calculated noniteratively.
Corresponding calculations using values of the IRT-function can be performed before the beginning of the
test and stored (Bock and Mislevy 1982), which reduces hardware demands. Another advantage of EAP is
that it could also be used for the item selection at the start of the test (b), as the approximation is stable over
the entire test length (Bock and Mislevy 1982). An average skill level (6 = 0) should initially be assumed.
The standard termination condition (c) in ILIAS for linear tests is met, when the last item in the test sequence
is passed. For the adaptive test two termination conditions should be established, the first being the static
completion of a defined number of questions and the second being the dynamic achievement of a certain
level of precision with regard to the estimate of the standard deviation.

For the storing of the test data and the evaluation of the test (3), the data storage has to ensure that the
data remain accessible over the long term. For the evaluation, standard functionality needs to be expanded to
output the task, the updated measured competency level (8) and standard error following each question. In
addition, an aggregate index of all questions is required for the evaluation of all test persons and tasks.
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4.2 CM Realization

The ILIAS task template was completed for each questions type to establish a level of difficulty, a subject
area and for the identification of adaptive questions. The user can consequently create or edit adaptive tasks
through the standard interface without programming skills.

The CAT algorithm is selected over standard algorithms through a new option in the interface. When a
question pool is selected by the user for the creation of an adaptive test, all adaptive questions within it are
used to create an initial test sequence. This ensures that all items are available for the test procedure. During
the execution of the test, this sequence is continuously refined: After each completed task, the EAP
estimation is applied to select the next item. The selected item is promoted to the position which is next in the
test sequence. The standard error is calculated at the same time with 8. At the beginning of the test a value of
0 = 0is presumed. A question number limit and a criterion for the standard error in the algorithm are possible
termination conditions to be used independently or in tandem. The inputs for the termination conditions were
integrated into the standard interface. When termination conditions are met, the test sequence is shortened to
this point and the standard termination condition of ILIAS is used to finish the test.

The test results (6 and standard error) are continuously stored in the central ILIAS database so that the
CAT can be resumed after a system crash without any loss of progress. The corresponding data and the data
from all newly created input fields (e. g. difficulty of questions, termination conditions) are archived in a way
consistent with the other data. For the evaluation, two new spreadsheets were created. One table shows the
individual testing trajectory of the participant, including his or her skill level and the standard error. The
second gives an overview of all questions posed to at least one user and how they were answered.

All possibilities for the multimedia design were retained for the CAT. This is a clear benefit in
comparison to numerous special CAT software solutions. The encapsulated design of the testing tool
facilitates the integration of additional functionalities, e.g. multi-dimensional estimation procedures.

5. EVALUATION

This section presents the evaluation of the testing instrument. The tool was calibrated and evaluated in a large
scale scenario with real scholars in the vocational schools. A description of the general experience
concerning the application is given first. A comparison of concrete measurements with those of a typical
linear test is found afterwards. Lastly the specific use of the developed testing tool is addressed.

5.1 Quality Assurance and Experience with the Implementation

The newly developed tasks were tested in two ways. In a first calibration stage in order to establish the
degree of difficulty of each task they were presented linearly to approximately 1.200 health worker scholars
in the vocational schools. The graduating class was chosen for maximum comparability of the results for the
final examination. Furthermore they were examined in expert workshops. The usability of the test proved to
be very good. Since the surface of the CAT did not differ from a linear standard ILIAS test, a bias due to a
different interface could be excluded. The items were coded dichotomous. Partially correct solutions were
evaluated as false in order to increase their difficulty. After final revisions, scaling and testing of Rasch
conformity, 88 items covering a skill range (0) of -2,091 to 2,678 remained.

In a second stage these items were used in main survey for a span of 15 to 30 questions. As no detailed
experiences regarding the expected precision were available, a fixed number of questions was chosen in favor
of a variable test length. A total of 1.183 data sets were collected through adaptive testing. These data sets
were not simulated, but measured using participants that differed from the first stage.

5.2 Comparison of the Linear and Adaptive Testing Procedures

To check, whether the adaptive design of the tests could increase the measurement efficiency, a textbook
example of a linear test procedure was created as a basis for comparison. Five people with a skill level
spanning from +2 (high) to -2 (low) were taken with a test length of 15 questions equally divided into five
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difficulty levels. While the specification of skill levels in CATs depends on the statistical model, it is
specified here manually to provide integer number levels of competency. The scale is interpolated to the
value range of the CAT for comparison. The textbook example is shown in table 1.

Table 1. Linear testing order

task number 1 2 3 4 5 6 7 8 9 10 11 12| 13| 14 | 15 o test taker= |no contribution
g task 2(2|2alajalofoflo| 1|1 1]|2]|2]2 glask |tomeasurement
test taker: g = +2 <0 <0| <0] <0| «<0]| <6| <6 <0| <0 <0| <06 <0 20.0% 80,0%
test taker: g = +1 <0 <0| <6 <0| <6 <06| <06 <6 <80 >0 =6 |=6 20,0% 60,0%
test taker: = 0 <8 <8| <6 <8 =8 =8 |=8|>6|>0|=8 20,0% 60,0%
test taker: 9 =-1 =0 |=0|=06|=0]=0]=0 20,0% 60,0%
test taker: o =-2 >0 |[>0|>0|>0|=>0|[>0|>0]|=>0|=0 20,0% 60,0%

The number of individual test questions is presented in the first line, the difficulty level of the tasks in the
second, and the results for the individual test persons in the five following lines. The tests were completed
from left to right. It is assumed that the difficulty of the tasks is the only influencing factor, such that a
respondent properly completes all tasks of the same or lower skill level (test person 8 >= task 6). No
distinctions are made according to the content areas. A dark cell marking signifies that a task has the same
skill level as the test person, while a light one signifies that it was taken as a bound. The last two columns
present the portion of tasks at the skill level of the test person and the measurements of irrelevant tasks (no
marking).

For all five sample test persons, the individual skill level was only matched for 20% of the tasks. The
strongest test person (6 = 2) initially needed twelve items below his or her skill level before receiving items
13 to 15 at this level. For the weakest test person (6 = -2), only the first three tasks were on the appropriate
level and questions 4 to 15 were too difficult. The other cases performed equivalently, with only the position
of the task fitting the test person’s skill level changing. Except for the strongest test person, at least one
further task was necessary to delineate the upper limit of the skill level. It could be generously argued that the
entire next level of difficulty is relevant to distinguishing the skill limit (light marking), such that 20% to
40% of the questions add value to the measurement. In reverse, for the present example 60% to 80% of the
questions (no marking) have no direct contribution to the measurement, as they are too easy or difficult. This
rate could be reduced with the difficulty level value. Apart from the loss of precision, however, the basic
problem would persist.

To test whether improvements can be achieved through the CAT for this idealized scenario, the scenario
was adopted and supported by measured values from the CAT application. Based on the stepped skill levels
+2, +1, 0, -1 and -2, one of the 1.183 measured data sets was chosen for each test person based on which
most nearly fit his or her measured 0 as evaluated after 15 questions. Test persons with 6 values of +1.95,
+1.00, 0.00, -0.99, and -1.97 were thereby identified. Table 2 illustrates the testing procedure for these test
persons, showing the measured skill values following each question.

Table 2. Adaptive testing order

Task Nurber 1 ) 3 4 0 test taker = |no contribution
0 task to measurement
test taker 0 =+ 1,95 o o
(+1.5 10 42.5) 0,41|0,76 | 1,07 73,3% 0,0%
test taker 6 =+ 1,00 o o
(+05t0 +15) 0,41 0,06 [-0,24| 0, 60,0% 0,0%
test taker 6 = 0,00 100,0% 0.0%
(0510 +0,5) o o
test taker 6 =- 0,99 o o
(1510 -0.5) -0,41(-0,06] 0,24 93,3% 0,0%
test taker 6 =-1,97
’ - - o % %
(-2,5t0-1,5) 0,41]-0,76(-1,07 73,3% 0,0%
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The presentation follows the likeness of the previous figure. Each participant answered 15 questions,
numbered left to right. Due to the adaptive nature of the test, the questions differed between participants. As
there can be no universal statement of the difficulty of the tasks, the second line is omitted. For each question
number, the absolute measurement result (= test person’s 0, to two decimal places) following each question is
presented. Questions at the skill level of the test persons are again characterized by dark cell markers. Light
highlights are used to distinguish contributing questions. To determine whether a question was at the skill
level of a test person, an interval of 6 +/- 0.5 was taken as a basis. This would in the worst case correspond to
the same accuracy limit of the linear textbook scenario: For the textbook example, the difficulty level must
exceed the participant’s skill level by 1 (e.g. to 6 = 2 for a participant with 6 = 1), whereas for the CAT an
interval extending both above and below the participant’s skill level is necessary (e.g. the interval 6 = 0.5 to
6 = 1.5 for a participant with 6 = 1).

It is apparent that between 60 and 100% of the questions addressed the relevant skill level. The share of
too easy or difficult questions is reduced to 0 - 40%. The portion of questions not affecting the measurement
is also reduced to 0%, since each question served part of the algorithm branch and the determination of 6. As
expected, the border values fall weakly for high and low 6, since the algorithm takes longer to settle on the
appropriate skill level. It becomes clear, however, that a skill level within the appropriate interval is reached
after seven consecutive questions and that a nearly constant 6 is reached after nine questions. With question
nine, each test person was given three tasks at his or her own skill level, like in the linear test. This is
delineated by the vertical dashed line in table 2. On average, each test person was already posed five
questions up to this point at his or her own skill level. The black vertical line in table 2 marks the point at
which each test person was posed the third question at his or her own skill level. For the presented example,
at least 60% of the questions (after question 9 instead of 15) would have already been reached at this point.
Figure 1 underlines this effect.

2,50 —m—test taker g =+ 1,95
(+1,5 to +2,5)

1.50 test taker q =+ 1,00
(+0,5 to +1,5)

0,50 g

= —test taker g = 0,00

-0,50 — 34 5 67 8 9 10 11 12 13 14 15 (0.51040.5)
test taker q=- 0,99

1,50 (-1,5 t0-0,5)
——test taker gq=- 1,97

_2‘50 ('2_.5 to '1,5)

Figure 1. Graphical representation of adaptive test

The questions are shown on the x-axis, the measured 6 on the y-axis. Similar to in previous figures, 0 is
displayed after the execution of each question, such that a nonzero value already follows question 1.
Horizontal lines indicate the different intervals. The desired increase in the test efficiency due to the CAT
algorithm could be confirmed by the example case. The mean value of 6 was calculated over all 1.183
collected data sets after questions 9 and 15. Both values were very similar (0.261 versus 0.296). At the same
time, the positive value of © shows that the CAT was slightly easier than expected.

With regard to the items, the question arises as to how they were used in the test. Figure 2 shows which
item was used in which position for all 88 tasks based on all data sets.

1 | 2| 3| 4| 5| 6 7| 8 | 9 |1 |11 |12 | 18] 14 15|z|

Item 1
Item 2
Item 3

Item 44

Item 88

Figure 2. ltem frequency and item position in test
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For a test length of 15 questions, the positions within the tests are shown horizontally and the 88 items are
shown vertically according to their difficulty levels, from difficult (item 1) to easy (item 88). The more test
persons who were posed an item at a specific location, the darker the corresponding cell is shaded. (The
darkest shading corresponds to more than 40% of the test persons being posed the item at this position, dark
shading corresponds to 8-40%, light to 2-8%, and the lightest to 0-2%). The last column shows how many
test persons an item was posed to in total.

It becomes clear that all test persons were given the same item with intermediate difficulty at the start of
the test (see column 1). This conforms to our expectations, since all test persons have the same 6 of 0 at the
beginning of the test. Dependent on the correct or incorrect answering of this question, an easier or more
difficult subsequent item is selected (column 2). Based on these two items, the algorithm branches to four
items, then eight and sixteen. The branches may overlap for the first time with the sixth question and 30
items (column 6). By the ninth item (column 9) it becomes clear that all questions, spanning the entire
difficulty spectrum, not posed up to this point belong to parallel paths. This shows how fine grained the
measurement already is up to this point. It should be noted that the more difficult items were more frequently
used, confirming the test was easier than expected. It also becomes clear that the frequency of the use of
items of intermediate difficulty decreased towards the limits of higher or lower difficulty. This is expected, as
the central difficulty range is more frequented than the edge ranges of higher and lower difficulty.

6. CONCLUSION

The central point of this contribution was to examine whether CAT could improve testing efficiency in the
example of a medical competency measurement, as well as to present the relevant implementation and
functional ability of an CAT component in ILIAS.

The results show that a fully valued CAT was successfully developed for the learning management
system ILIAS. The test reacts adaptively to user inputs and selects the necessary subsequent tasks during
runtime. The requirements in section 3 and the implementation in section 4 provide a detailed answer to
research question 1, how to construct a computerized tool for adaptive competence assessment. Research
question 2, focusing on the increase in measurement efficiency for a competence assessment, was addressed
in section 5. A clear increase in the measurement efficiency could be achieved for the presented
implementation case of a CM for health workers. As compared to a traditional testing format, the test time
was reduced by 40%. The test persons were already posed three questions addressing their competency level
after 9 questions in total, as compared to after 15 total questions for a linear test procedure.

In summary, an integrated tool was created for the competency measurement, with which a multifaceted
adaptive competency measurement can be created from comprehensive types of questions and multimedia
elements. No other tool could be identified possessing these capabilities, including extensive reporting
options, graphical interface and high test security. This facilitates the potential for future implementations of
combined multimedia-CATs. The tool supports large-scale testing and summative, diagnostic or formative
usage. The time savings realized through the implementation of the CAT can be utilized as part of an
integrated competency measurement with further testing. In practice measurement quality or dimensionality
of the test can be improved for the same participants or more participants could be tested within the same
time. The mapping of complex action situations in multimedia tests could replace personnel-intensive oral
examinations. This benefit is not limited to CMs in the medical field.

As a contribution to knowledge, along with the time savings, the testing tool could facilitate more detailed
and larger-scale competency measurements. It could enable large-scale empirical studies on the interaction
between competency dimensions that are currently not feasible because of the associated expenses.
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