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Dankwoord

Bij het afronden van een promotie denkt menig promovendus vaak terug aan hoe
het zover heeft kunnen komen. Ik echter niet: ergens in 2005 luisterde ik naar de
inaugurele rede van de toenmalige lector Bert de Brock en een dankwoord gaat
naar hem. Hij was net geinstalleerd door de voorzitter van het College van Bestuur
van de Hanzehogeschool Groningen (HG), Henk Pijlman. Hij nodigde
geinteresseerden in een promotietraject uit om met hem te komen praten. Die
uitnodiging heb ik gelijk opgepakt en ik heb een afspraak gemaakt. We hebben
toen in een zeer vruchtbaar gesprek ruim het dubbele van de geplande tijd besteed
aan het inventariseren waarover mijn promotieonderzoek zou moeten gaan.
Gespreksonderwerpen waren mijn interesses, eerder onderzoek en zijn lectoraat.
Een duidelijk beeld kwam er nog niet, wel dat het iets met video, log files en
meerwaarde voor het hoger onderwijs te maken zou moeten hebben.

Een versnelling in het traject kwam door twee ontwikkelingen. Ten eerste kwamen
er subsidies vrij van de toenmalige minister Plasterk van onderwijs. Hij stimuleerde
de professionalisering van personeel in het hoger beroepsonderwijs (HBO) door
het subsidiéren van onder andere promotietrajecten voor docenten in het HBO,
een dankwoord dus ook naar hem. Dit bracht een einde aan de soms op een
bedeltocht lijkende zoektocht naar subsidies.

Daarnaast kwam er ook een einde aan het lectoraat van Bert de Brock. Hij kreeg
een niet te missen kans om professor te worden aan de Rijksuniversiteit
Groningen. Voor de Hanzehogeschool Groningen een vervelende ontwikkeling,
maar voor mij een goede, want ik had nu ook gelijk een promotor.

En wat voor één: zijn eerste opdracht aan mij was om gelijk maar een publicatie te
gaan maken over mijn onderzoeksresultaten in het eerste jaar. Die opdracht heeft
mijn werk als promovendus meer focus gegeven. |k was ook zeer trots toen mijn
eerste bijdrage aan een congres werd geaccepteerd en niet lang daarna in
aangepaste vorm als artikel in een journal werd geplaatst. We hadden toen al
besloten om mijn promotie op artikelen te doen en niet op één groot onderzoek.
Over zijn begeleiding kan ik alleen maar lof hebben: altijd stond hij klaar, vooral
voor de grotere zaken tijdens het onderzoek, een tweede dankwoord dus voor
hem.

In de tweede helft van mijn onderzoek kreeg mijn onderzoek een iets andere
wending. Het onderwerp ging zich meer op het leren van de student richten en we
hebben toen de hulp ingeroepen van Piet Kommers als copromotor. Zeker dank
ook aan Piet voor de zinvolle bijdragen die het onderzoek naar een hoger niveau
hebben getild.

Ook een dankwoord aan Martin Goedhart en zijn vakgroep Instituut voor Didactiek
en Onderwijsontwikkeling van de Rijksuniversiteit Groningen. Bij het begin van
mijn onderzoek heeft hij een werkkamer ter beschikking gesteld. Deze kamer is
voor mij regelmatig een oase van rust geweest en ook een plek voor
wetenschappelijke discussies.

Dank ook aan Jos Tolboom, een groot deel van mijn promotietraject was ook hij
promovendus. Een van de gepubliceerde artikelen in dit proefschrift hebben we
samen, in een zeer prettige samenwerking, gemaakt. Ooit hebben we de afspraak




gemaakt om na onze promotie weer samen te gaan werken. Zijn altijd positieve
instelling en gemeende interesse zijn zeer belangrijk geweest voor de afronding
van mijn promotie.

Dank ook aan Michiel Bodewes. Aan het begin van mijn promotie hebben we
samen een bedrijf gehad, maar dat viel niet te combineren met een promotie. Wel
zijn we doorgegaan met squashen en tijdens deze sessies heeft ook hij met zijn
scherpe geest bijgedragen aan mijn onderzoek.

Ook een dankwoord aan mijn collega’s Peter van der Steege en Gerhard Wentink
op de HG die instructievideo’s hebben gemaakt. Ook dank aan Dick Vink, Jan
Postema en Rienko de Vries voor de techniche ondersteuning. Dank ook aan mijn
kamergenoten. Naast mijn promotie was ik ook daar werkzaam en dat moet niet
altijd een pretje zijn geweest. Als promovendus leef je even een paar jaar onder
een steen. Dank dus aan Peter-Jan Hagedoorn, Bas van Hensbergen, Marco
Krop, en Rob Willems. Natuurlijk bedank ik ook alle studenten die mee hebben
gedaan aan mijn onderzoek.

Het allergrootste dankwoord ben ik verschuldigd aan mijn gezin: mijn zonen Lukas,
Pieter en Rogier en mijn vrouw Renate de Boer-Luurtsema. Van hun kant en ook
van mijn schoonouders heb ik altijd onvoorwaardelijke steun gekregen tijdens dit
traject en die heb je ook hard nodig, want promoveren betekent soms ook
doorwerken in het weekend en vakanties. Nooit een verwijt als in de vakantie weer
eens een activiteit voor mijn promotie “moest” worden gedaan, nooit een wanklank
als een klus weer iets later aan de beurt kwam. Dank ook aan mijn vrouw voor het
eindeloos redigeren van de Nederlandse samenvatting en eindversie van het
proefschrift. Vooral tijdens de vele wandelingen met mijn vrouw en onze hond
Perra hebben we veel over mijn promotie bijgepraat en in de moeilijkere momenten
heb ik daar erg veel steun aan gehad. Alleen in het laatste jaar zei ze een paar
keer: “Nu mag het ook wel eens een keer afgelopen zijn”.

En dames en heren: dat is het nu!
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Chapter 1
Introduction

This thesis is about learning from video. This research investigates students’
viewing behavior while learning from instructive video. Secondly the revealed
learning effects were related to the logged browsing sequences. In order to
optimize the students’ learning effects, an additional intervention that made the
students aware of their typical viewing behavior was defined and analyzed for its
subsequent effects.

At first, in section 1.1 the background of our research and the problem statement
will be elaborated. In Section 1.2, the research questions will be discussed. Finally,
the thesis structure will be introduced in Section 1.3.

1.1 Problem Statement

The initial trigger of this research project was the availability of log files from users
of video material as nowadays common in education. The patterns in logged
viewing sequences allow the researcher to characterize individual viewing behavior
and eventually derive his/her learning style. The utilitarian scope is to finally find
relevant parameters for an adaptive and personalized video presentation
sequencer.

In higher education, the use of video resources has increased recently. Video
modality is seen as attractive as it is associated with the relaxed mood like
watching TV. Due to lower success rates, as will be explained below, improving
learning from video becomes more and more important because a video —in
contrast to a teacher - can be accessed anytime and anywhere. These videos are
mostly accessed from a learning management system like Blackboard. These
systems are mainly used in order to improve the communication between students
and teachers. However, a large portion of a learning management system is only
filled with general assignments for students in its native format. Much
(personalized) functionality of these learning management systems is therefore not
used at all.

At the same time, higher education in many countries (incl. the Netherlands) has
become more competence-oriented. The amount of lessons has been reduced
while students have to spend more time studying with (digital) materials on their
own. These two developments did not lead to higher success rates in higher
education. Moreover, the last years there is a tendency to even lower success
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rates. Half of the students do not finish the first year of their courses and the rest
finishes it a few years later as planned.

Most of the projects that aim at higher success rates focus their attention on the
scheduled lessons for students. Another way to improve the success rate of higher
education is the use of video.

Video nowadays is increasingly used as an instructional tool in education. Students
are instructed to enhance their individual learning skills from text rather than from
video. Interacting with the control buttons of a media player provides students only
with standard tools to interact (start, pause, and stop) with video and does not
necessarily support the individual learning process. Therefore it becomes important
to optimize the learning process of students from video.

Streaming video servers are nowadays frequently used to distribute video to
students. These servers are logging event queues (pausing, rewinding, etc) in so-
called log files. Just as in e-business, log files can be used for personalization and
evaluation. In educational settings however, mining log files to gather more insight
in viewing and learning patterns of students has hardly been employed. Log files
are mainly used for detecting errors in the infrastructure and will be deleted as
quickly as possible as they may reduce overall system performance. If the viewing
behavior of a student potentially influences his or her learning outcomes, we can
also use these loggings for personalized feedback to the student.

The need to improve the effectiveness of learning by using video lessons therefore
becomes more urgent as web-based materials contain more and more videos and
also more and more control tools for the learner. The web has created a much
more autonomous and flexible student attitude. If we want to improve the
sequential aspect of students’ learning from video, it is inevitable to typify and
understand how students differ in their learning preferences.

The experiments as described in this thesis are part of a research project with the
goal to gain more insight in the learning and viewing patterns of students from
video. This understanding aims at the development of videos with a higher learning
effect, a more adequate control for the user as a learner and finally a better
integration of video in education.

The following problem statement has been formulated at the start of our research
project:

What are the characteristics of a framework for an e-learning environment that
offers real-time adaptive responses students’ individual learning style?
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1.2 Research Questions and Methods

This research thesis performed four experiments and resulted in four subsequent
journal articles (Table 1.1).

The following four research questions have been formulated during the research
project:

1. Which viewing scenarios can be recognized in log files from streaming media
servers?

Learning management systems log data from students while they are logged in to
the system. However, no data of the viewing session from a student is logged.
Streaming media servers log a lot more data of this viewing session. Not only the
session length is recorded but also interaction events of a student with a video like
pausing and rewinding.

In the first experiment as described in Chapter 2, the logged viewing patterns of 50
students and twelve instruction videos were analyzed in an explorative research.
Four scenarios were recognized:

e the one-pass scenario, where a student watches a video in one-pass
(uninterruptedly) from the beginning to the end

e the two-pass scenario, where a student watches a video again after finishing
the first time in one-pass

e the repetitive scenario, where a student watches parts of a video repeatedly

e the zapping scenario, where a student skips through an instructional video at
intervals of relatively short viewing times.

The viewing behavior of the zapping scenario is similar to the learning behavior of
a student with an undirected learning style from Vermunt (1992). According to
Blijleven (2005), a broken link between the learning task and learning process
could be the underlying factor of this zapping behavior. Furthermore, if we want to
make learning management systems more personalized we might use this learning
style of a student. Therefore, learning processes and its possible link with learning
styles were investigated further in the second experiment.
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2. Can we use log files from streaming media servers in order to determine
learning processes from students and is there a link with the learning style model
from Vermunt?

In the second experiment as described in Chapter 3, the viewing behavior of
students was recorded in a controlled environment (usability lab). The log files from
streaming media servers were analyzed and semi-structured interviews were held
with the students after the learning task.

It demonstrated that students’ learning processes could be monitored through the
use of log files. However, there was no clear link between viewing scenarios of
students and its underlying learning style. Vermunt’s distinction of learning styles
not only includes a cognitive- but also a self-regulating and a motivational
perspective. Therefore, our focus changed from learning styles to more pervasive
personality traits like cognitive styles and the short-term memory of students. This
brought us to the third experiment.

3a. Do viewing styles go together with pervasive personality traits such as
manifested learning styles and short-term memory?

The third experiment as described in Chapter 4 consists of two parts. The first part
(3a) focused on the cognitive perspective and investigates whether the students’
viewing behavior is determined by pervasive personality traits. The second part
(3b) focused on the awareness about viewing styles.

The students’ viewing behaviors were investigated in a controlled environment
(usability lab). Semi-structured interviews were taken from the students after they
performed the learning task.

This experiment showed that viewing behavior with streaming video of students is
not strongly correlated with the more pervasive personal traits such as short-term
memory capacity and learning styles (style-oriented). Students however proved to
be flexible in changing their viewing behavior.

3b. Can viewing style awareness contribute to higher learning outcomes? An
awareness instruction in the second part about their viewing behavior was given to
19 students in an experiment and this enhanced their learning outcomes. Both
parts of this third experiment (3a and 3b) have been published in one article
(Chapter 4).

This second part (3b) of the third experiment has been up scaled-up in terms of
more students in the fourth experiment. Furthermore, the possible role of students’
prior knowledge on the topics was investigated in terms of revealed learning
effects. This brought us to the fourth experiment.
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4. What is the difference in learning effects and retention decays between students
with and without an awareness instruction on an alternative viewing behavior and
what is the effect of the students’ level in prior knowledge on the learning effects?
The fourth experiment (described in Chapter 5) also proposes a new model that
addresses both style and strategic elements in the manifest viewing behavior of the
student. The model was based on metacognition and recent notions about the use
of learning styles in education. The model was applied on a group of 115 students
(including the 19 students from the previous experiment) in order to see whether
learning effects differ among students with narrow or broad repertoires of viewing
behaviors.

Students who demonstrated only one viewing behavior attained lower learning
effects than students with multiple viewing behaviors. Also, students who
demonstrated a strategic viewing approach attained higher learning effects.
However, students with low prior knowledge of the topics proved to enhance their
metacognitive skills less. Furthermore, some students developed marking
techniques with the mouse in the media player to watch video more strategically.

During the four experiments we used the following research methods:
¢ Questionnaires for the first experiment
e Explorative analysis of the log files for the first and second experiment
e Observations in class room for the second experiment
e Semi-structured interviews with students for the last three experiments

¢ Qualitative analysis of video recordings of students from a usability lab,
also for the last three experiments

The second part of the title of this thesis: viewing behavior of students has two
meanings. The first one is about the viewing behavior of students. The second one
is about our analysis of the video recordings in a usability lab: we were viewing the
behavior of students.

The methods are described in more detail in the following chapters and
appendices.
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1.3 Thesis structure

The four articles — each presenting one experiment - will be presented in Chapters
2, 3, 4, and 5. Chapter 1 is this introduction. The discussion (Chapter 6) presents
and summarizes all relevant results from the four experiments. Furthermore, we
discuss the theoretical and practical implications of our research findings. Finally,
we reflect on our research setup and discuss the needed further research.

Table 1.1: Thesis structure

Chapter:

Main conclusions:

Chapter 1 Introduction

Problem statement, research questions, and thesis
structure

Chapter 2 How to interpret viewing scenarios in log
files from streaming media servers

Research question:
Which viewing scenarios can be recognized in log files
from streaming media servers?

Four viewing scenarios were recognized:
one-pass, repetitive, two-pass, and a
zapping scenario.

Chapter 3 How to use log files from streaming media
servers to determine learning processes

Research question:

Can we use log files from streaming media servers to
determine learning processes from students, and is
there a link with the learning style model from Vermunt?

Students’ learning processes could be
monitored through the use of log files.
However, we found no clear link between
viewing scenarios of students and their
learning style.

Chapter 4 Using learning styles and viewing styles
in streaming video

Research question:

Do viewing styles go together with pervasive personality
traits such as manifested learning styles and short-term
memory and can viewing style awareness contribute
higher learning outcomes?

Viewing behavior with streaming video of
students is not strongly correlated to short-
term memory capacity and learning styles.
Students are flexible in changing their
viewing behavior. An awareness instruction
enhanced their learning outcomes.

Chapter 5 Viewing video for learning

Research question:

What is the difference in learning effects and retention
decays between students with and without an
awareness instruction on an alternative viewing
behavior and what is the effect of the students’ level in
prior knowledge on the learning effects?

Students who demonstrate a strategic or a
multiple viewing approach attain higher
learning effects than students with only one
viewing approach.

Students with low prior knowledge of the
topics are less able to enhance their
metacognitive skills. Some students develop
marking techniques with the mouse in the
media player to watch video more
strategically.

Chapter 6 Discussion

Findings, implications, reflection, and future work

10
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Chapter 2

How to interpret viewing scenarios
in log files from streaming media
servers

Jelle de Boer, Jos Tolboom

Hanze University Groningen, Faculty of Applied Sciences, The Netherlands

University of Groningen, Faculty of Mathematics and Natural Sciences, The
Netherlands

International Journal of Continuing Engineering Education
and Life-Long Learning, 18, 432-445 (2008)
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In the following chapter, we focus on the following research question: Which
viewing scenarios can be recognized in log files from streaming media servers?

Learning management systems log data from students while they are logged in to
the system. However, no data of the viewing session from a student is logged.
Streaming media servers log a lot more data of this viewing session. Not only the
session length is recorded but also interaction events of a student with a video like
pausing and rewinding. With this additional data we can describe in more detail the
viewing session of a student.

In the first experiment, as described in the following chapter, the logged viewing
patterns of 50 students and twelve instruction videos were analyzed in an
explorative research, in order to detect patterns in the viewing sessions.

13
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Abstract

When video is offered to students in a Web-based Learning Environment through a
streaming video server, digital traces of their viewing behaviour can be collected in
log files. These traces can be linked to view behaviours like zapping. According to
the literature, a zapping scenario could indicate the broken link between the
educational task and the video. The analysis of log files from e-learning systems
could tell us something about studying the behaviour. The subject of this
explorative research is the possibly interesting patterns in log files from streaming
media servers. The setting of the experiment was a polytechnic institute in
Groningen (The Netherlands) and it involved three groups of students, 50 in total,
who were taking a course on JavaScript. We focused on the relationship between
the event clusters in the log files and their related viewing scenarios. The presence
of zapping can indicate the need for improvements to either the instruction video or
its accompanying task. Based on our analysis of the literature, previous
experiments and interviews, we have defined four viewing scenarios: one-pass,
two-pass, repetitive and zapping scenario. We found traces of these scenarios in
the log files. Further research is necessary to link viewing scenarios to study the
behaviour.

14
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2.1 Introduction

This paper is structured as follows. In section 2 (theoretical background) we show
why streaming video is beneficial to the learning process in general and we discuss
examples of students’ mouse-clicking behaviour (log file use) from the literature.
Section 3 sets out the design of the experiment in detail. We show the results of
this experiment in section 4 and present our conclusions in section 5.

Online streaming video servers are a recent technological development in the
distribution of video. Because streaming allows for buffering and caching you can
start watching while downloading the complete video. Recent research has shown
that streaming videos can be used fruitfully in education, provided technical
problems are overcome and the content is embedded in the curriculum in general
and specifically in assignments (Hanna, 2000; Gibbs et al., 2001; Green et al.,
2003; So & Pun, 2002; Boster et al., 2006; Fill & Ottewill, 2006).

Nowadays streaming video is being used more often in education. It is most
frequently accessed in the digital learning (content) environment called a learning
management system (LMS) or learning content management system (LCMS).
Tolboom advocates a difference between the LMS and a web-based learning
environment (Tolboom, 2004). One could say roughly that the difference lies in the
content of the LMS used to offer learning possibilities to the student. Because of
this difference, we will use the term web-based learning environment (WLE) when
we refer to L(C)MS with content.

It is common practice in e-business to analyze customer click streams in web
server log files to gather data on customer behaviour that enables firms to
anticipate and respond to their customers’ changing fields of interest. In addition to
this sort of evaluation, it is also possible to distribute a personalized environment
based on, for instance, click and buying patterns. In educational settings, the use
of log files for data mining is not employed to any large extent (Hewitt et al., 2003).
Log files are used mostly for detecting errors in the infrastructure and get thrown
away afterwards because they reduce overall system performance.

Because students can also access videos on hard disks and CD-ROMs — less
controlled environments with less opportunity for actual contact with the student — a
need has arisen for learning about the student’s progress, possibly through
keeping track of digital traces like test scores, viewing start time, stop time, breaks
and interruptions. Log files have been analyzed in specific situations for video
accessed on local sources like hard disks or CD-ROMSs (Van den Berg & Blijleven,
2002) but not yet in connection with video accessed remotely from a streaming
media server.

An exploration of possibly interesting patterns in log files from streaming media
servers is the subject of this experiment, which was conducted at the Hanze
University Groningen (The Netherlands) and involved three groups of in total 50

15
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students who were following a course on website development. Part of this course
was dedicated to a frequently used technique for user-interaction called JavaScript.
We produced 12 lesson videos on this topic varying in length between 5 and 13
minutes. Each video was accessed through a WLE connected to a streaming
media server.

A WLE can be used to generate cumulative reports of all student visits to the
different parts of a course (see Figure 2.1). However, it is not possible to drill down
to specific data on individual viewing scenarios, for example one student looking
for particular information on staff, because this data is lost or not even logged.

Figure 2.1: Cumulative report of student visits

We have gathered insights from log files from streaming media servers taken from
a previous experiment (Liefers, 2004; Van den Berg & Blijleven, 2002), in which
traces were detected that seemed to indicate that some students were skipping
through a lesson video. At the time no connection was made to a zapping-like
viewing scenario. Blijleven predicted that something similar to zapping could
happen (Blijleven, 2005). Some multimedia cases he investigated proved useless
as students were not given clear lesson tasks. Such a weak or even broken link
between the lesson video and its task might cause zapping.

16
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2.2 Theoretical background

2.2.1 The use of digital video

In this section we give the theoretical background for this explorative research. In
section 2.1 we discuss why (streaming) video is beneficial to the learning process
in general and in section 2.2 we discuss existing research on students’ clicking
behaviour in log files. We also define four viewing scenarios.

Before digital video arrived, videotape was widely used in education. Recorded
lectures were already described in the 1970s (Gibbons et al., 1977). The advent of
the digital era, with the introduction of video on CD-ROM and DVD, did not change
the basic concepts or intentions of this specific application. The emergence of
digital networks, like the internet, disconnected video-watching from a set time
because the video can be watched at any time. It has also led to disconnecting the
lesson, in some sense, from a set place (i.e. the classroom): the video can be
watched on any computer connected to the internet. The use of streaming video
has made this even easier, with its use of smart emission and compression
techniques. These observations are all made from the student’s point of view; in
terms of Information and Communication Technology (ICT) from the ‘front office or
client side’. On the other side, however, in ICT terms ‘back office or server side’,
the arrival of computer networks has created even more new possibilities: the
analysis of log files from the servers that provide information to students.

In this investigation our analysis of log file data is concentrated on one specific
server: the streaming media server. Supported by a survey and interviews with
students, in this explorative analysis we have tried to characterize the nature of
student clicking behaviour.

There has to be a meaningful link between theory and practice in education, as
both social constructivism and gestalt theory explain. This meaningful link can be
reinforced with video.

The theory of social constructivism (Vygotsky, 1978) has gained widespread
attention. Its starting point is the formal theory of constructivism which is generally
attributed to Jean Piaget (Piaget, 1950; Piaget, 1967; Von Glaserfeld, 1982).
Constructivism articulates that learning is an active process, during which a student
tries to interpret and understand his or her experiences. Interaction with the
environment is of great importance because learning is seen as a social process
that must take place in a realistic context that is both challenging and meaningful
for students. Social constructivism emphasizes the importance of culture and
context in constructing knowledge based on this understanding (Kim, 2001). Video
can reinforce this realistic context.

If a student watches a video in one pass from the beginning to the end we call this
viewing scenario a one-pass scenario.
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Based on the work of Von Ehrenfels (Von Ehrenfels, 1890), Max Wertheimer
(Wertheimer, 1935) describes the three main principles of gestalt perception as:

1 the principle of similarity
2 the principle of proximity
3 the principle of directionality.

We have translated these three principles in our research with respect to the use of
(streaming) video as:

e similarity: the instruction in JavaScript demonstrated on the video resembles
precisely the situation in which the student will be carrying out the assignment.

e proximity: by closely following instructions when working on the various tasks
of the final assignment (designing a web form) students will perceive their
activities as coherent. This is best achieved when video is used to illustrate the
tasks.

e directionality: videos can clearly guide students towards the ‘discovery thinking’
they need to practice.

Korthagen & Lagerwerf use the term ‘gestalt’ to refer to cohesive wholes of earlier
experiences, role models, needs, values, feelings, images and routines which are —
often unconsciously — evoked by concrete situations (Korthagen & Lagerwerf,
1996; Korthagen, 1998; Korthagen, 2001). With the lesson videos we are trying to
give students concrete situations in which they:

e gain a role model (teacher demonstrating JavaScript skills)
e learn to value the use of JavaScript and see the need for this functionality

e get a visualtutorial in programming routines with a specific tool — the visual
aspect being important; compare this to the development of the ‘graphic user
interface’ versus ‘character-based user interface’ (Soloway & Pryor, 1996)

Gestalt played an important role in the development of our educational material. It
did not play a direct role in the research itself.

Verhagen describes some interesting research on the role of segment length in
interactive video programmes (Verhagen, 1992; Verhagen, 1993). He distinguishes
some typical information elements and examines their roles in the segment lengths
chosen by a group of students. His goal is to formulate design rules for the lesson
video. Although this is interesting for our research, when it comes to the design of
our videos we took a different approach. We were interested in the students’
viewing scenarios in themselves and took the instructional quality of the videos for
granted. The quality of the lesson videos was rated by students in this research as
being indeed adequate.
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Educational materials represented on video need to obey the three principles (see
above). For an application of these ideas in a multimedia context see, for instance,
(Van den Berg & Visscher-Voerman, 2000). Gestalts ensure that in new situations
students repeat behaviour that has given the desired effect in comparable
situations. However, an appropriate method according to the student can be
inappropriate according to a teacher. It is important that schools organize learning
activities in such a way that students can become aware of their own actions in
working practice. Critical reflection is very important if students are to develop an
understanding of and knowledge about their behaviour and situations. Streaming
video can play an important role in stimulating critical reflection, especially when
the scenes of practical situations shown virtually on the video present cognitive
conflicts for students. Thinking critically about the simulated problems will make
students more aware of what is required in real working situations.

The very nature of the video medium allows students to repeat a virtual situation
more than once. This is generally impossible in other less volatile learning media
not as accessible as video (Cennamo et al., 1996; Abell et al., 1998). Repetitive
viewing of practical situations allows students to understand virtual situations well
and compare these with their own ways of working. If a student watches a video or
parts of a video repeatedly, we call this viewing pattern the repetitive scenario.

The research by Hewitt et al. has shown that you can get students to develop
‘habits of praxis’ through the use of multimedia cases (Hewitt et al., 2003). In so
doing, students adopt a critical reflection to adapt to the various contexts they will
also encounter in real life. According to this research, presenting a single
multimedia case is not enough to create a link between theory and practice. This is
also confirmed by Blijleven (Blijleven, 2005):

[By] adding a guiding task to a well-designed multimedia case it is possible
fo create a meaningful interaction between the case content and (...)
practice. This means that a method is created for “bridging the gap
between theory and practice” (cf. J. Shulman, 1992). The guiding task can
be considered as the “road” on the bridge (multimedia case) that gives
[students] the opportunity to connect theory and practice. (...) The
“drivability” of the road depends on the way the multimedia case is
embedded in the curriculum.’

Multimedia cases with video offer a lens through which students can study realistic
situations, assess ideas and connect their gestalts to new insights.

The function of a video component is threefold (Van den Berg & Visscher-
Voerman, 2000). First of all, video has the function to demonstrate. Software tools
in education can be demonstrated in this way through capturing some parts of their
functionality. Secondly, video has the function to inspire. By providing an example
of innovative education to students, teachers inspire students to experiment with
these examples in their own educational work and in so doing contribute to their
competences. The third function is to stimulate reflection and critical analysis of the
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professional working methods. By encouraging students to analyze critically and
reflect on the way their real-life teacher acts, teachers can prevent students from
simply copying a video teacher without forming their own opinion of the behaviour
shown in the video.

We close this reflection by remarking that there is a considerable body of literature
in which researchers are convinced of the value of lectures recorded on digital
video and made available through a web-based learning environment (Day &
Foley, 2006; Boster et al., 2006).

2.2.2 Students’ clicking behaviour

Just as in e-business, in education taking place in the web-based learning
environment (WLE), web server log files can be used for personalization and
evaluation.

Shen, Yang & Han have presented their Data Analysis Centre based on an e-
learning platform (Shen et al., 2002). Web-based learning enables many more
students to have access to a distance-learning environment, providing students
and teachers with flexibility. At the same time, current e-learning systems also pose
many problems. For example, teachers cannot find out about the learning status of
students and the teacher’s assignment is independent of the student. It would help
the teacher if it were possible to analyze students’ learning patterns and to
organize the web-based contents efficiently. The Shen system is smart because of
its data-mining features and user-friendly through the visualized services it offers
both teachers and students.

Log files are also used to construct adaptive systems based on principles taken
from the Learning Design method developed by IMS Global Learning Consortium,
Inc. (http://www.imsglobal.org/learningdesign). According to lksal and Choquet, in
the context of distance learning and teaching, the re-engineering process needs to
provide feedback on the learners’ usage of the learning system (lksal & Choquet,
2005). They consider it important to interpret traces in order to compare the
designer’s intentions with the learners’ activities during a session. They have
presented a usage-tracking language (UTL). This language was designed to be
generic and an instantiation with IMS Learning Design, the representation model
they chose for three years’ of experimentation. The design of an LCMS is
connected to the structure of the log files. In this way it is possible to analyze the
design of education tools in relation to actual use.

More viewing scenarios can be expected. According to Cennamo (1996) and Abell
(1998) students watched a video a second time if they seemed not to understand it
the first time around. Also, they could interrupt the video to start doing the
assignment belonging to the lesson. In this experiment we could not detect such a
scenario from the log files because our students did not have to authenticate
themselves on the streaming media server. However, we surveyed the students
involved and asked about their use of such scenarios in a questionnaire. We call
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this viewing pattern the two-pass scenario.

Log files alone are not enough to interpret data. The context of use should also be
incorporated in interpretation. Pape, Janneck & Klein described how they used log
file analysis to investigate whether using a computer to support cooperative
learning systems corresponded to the didactical purposes. For example, they
examined the use of a web-based system called CommSy as software support for
project-oriented university modules. They presented measures to shape the
context of computer-supported cooperative learning systems and other measures
to support their initial and continuous use. They also showed how log files can be
analyzed to show how, when and who uses a computer-supported cooperative
learning system and thus help to validate further empirical findings. Log file
analyses can only be interpreted reasonably well when additional data concerning
the context of use is available (Pape et al., 2005).

Two aspects limit the possibility of finding patterns in log files through data mining
and knowledge discovery. Firstly, log file analysis is generally used only for error
detection in the underlying infrastructure and is sometimes discarded afterwards.
Secondly, system performance is compromised by extensive (online) monitoring.

A review of the literature shows little investigation into the use of log files from
streaming media servers. One reason for this could be that most researchers are
unaware of all the useful events and item types that are recorded during a viewing
session. Apart from technical information like the bandwidth used and processor
utilization, other relevant events during a viewing session are recorded, such as
pausing and restarting a video. However, current technical and organizational
difficulties may be inhibiting researchers from designing and conducting such types
of research.

A few participants’ log files have been used in experiments (Van den Berg &
Blijleven, 2002). Log file data were combined with other data from open interviews
to trace back the participants’ behaviour. One experiment showed that students
demonstrated zapping behaviour when the link between the lesson video and task
was weak or entirely lost.

In an earlier experiment (Liefers, 2004; Van den Berg & Blijleven, 2002), contrary
to what you might expect from the theory, we found that more viewing scenarios
than one-pass viewing can be detected from the log files of streaming media
servers. For example, some students seemed to skip through the lesson video at
regular intervals of relatively short viewing times. This viewing pattern resembles
fast-forwarding through a video or zapping through a number of television
channels. According to Blijleven (Blijleven, 2005) this could be the case. Students
seem to be zapping through a video if there is a weak or broken link with the
lesson task. We call this viewing pattern the zapping scenario.
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2.3 Design of experiment

As this experiment involved the collection of log files, here we discuss the structure
of these log files. The setting of the experiment is elaborated upon, as well as the
embedding of the instruction videos in the curriculum.

2.3.1 The structure of the collected log files

Log files record behaviour data (‘events’) from the use of applications and web
sites. For instance, a log file event can be a user requesting a web page from a
web server (see Table 2.1). Collected data include such items as the IP address of
the user’s computer, the date and time of the web-page request and the web page
the user was visiting before making the request for this web page.

Table 2.1 Some data from a streaming media server

C-IP Date Time Starting point (in sec.) Duration (in sec.)
10.0.1.54 3/13/2006 10:13:43 0 3
10.0.1.54 3/13/2006 10:13:46 241 1
10.0.1.54 3/13/2006 10:13:48 413 1
10.0.1.54 3/13/2006 10:13:50 525 2
10.0.1.60 3/13/2006 10:34:12 0 95

These data can be accumulated in two different places, on the user’s computer
(client side) or on the web server (server side). In this experiment we collected only
the server-side data from the WLE and streaming media server. All relevant data
for this experiment was collected on the server side because we did not want to be
restricted by any browser settings on the client side that might prohibit the actual
collection of data.

A log file is usually a simple text file, with one event recorded per entry. A log file
can be studied for further cleansing operations and analysis.

A modern LCMS like Blackboard already has some features that allow the
recording of log files. With release 6.3 it is now possible to record events in a time
frame per content area and per user. The option ‘Course Statistics’ allows you to
record per user which video (submitted in a content area) has been watched and
when viewing of this video started. Figure 2.2 demonstrates the number of times
one specific video was accessed by all users per hour of the day
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Figure 2.2 Number of accesses per hour of the day

However, the log file does not record the duration of each viewing session. As a
result it is still impossible to drill down via viewing scenarios to possible broken
links between the lesson task and video.

Table 1 shows a sample log file from a streaming media server, where C-IP is the
user’s IP address, Date and Time show the elapsed recording time of this event,
Starting Point is when the video begins and Duration is the period during which the
streaming media server was serving content. The username of the student is not
recorded in this log file. In this explorative research we were investigating only
possibly interesting patterns in log files so the students were not required to
authenticate themselves. There are several entries for the student with IP address
10.0.1.54. Combining these entries indicates something about his viewing
scenario.

An interesting integration of both log files (from the WLE server and the streaming
media server) is in standard situations almost impossible. This is undesirable
because it means useful raw data is lost. For instance, student progress cannot be
linked to data in other information systems like student portfolios and progress
tracking systems.

In the log files we collected from the streaming media server not all possible item
types were stored for further analysis. All the data types in Table 1 were used,
including some technical items, to ensure that no local buffering could happen on
the client side.

2.3.2 The setting of the experiment

Three groups totalling 50 students from a Groningen polytechnic participated in this
experiment. For four weeks they followed a course on designing websites
supported by a WLE (based on Blackboard). The students used 12 instruction
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videos distributed from a streaming media server. These videos on programming in
JavaScript were used in the first three weeks to back up the regular lessons. The
final assignment had to be handed in by the end of the fourth week. This final
assignment was focused on designing a web form, which is used to submit
information to a web server. The programming techniques involved are HTML,
CSS and JavaScript. In addition, we prepared a schedule for all the intervening
subtasks of the final assignment.

The topics of the 12 videos used in this research were aligned with the subtasks of
the final assignment. Students were encouraged to begin from day one with
programming and designing their web forms, thus strengthening the link with the
videos. The following instruction videos were given in Table 2.2.

The quality of the instruction videos produced for this experiment was assessed by
the students and we concluded that they were adequate for this experiment.

Table 2.2 All instruction videos with their lengths

Video ID Instruction video Length (mm:ss)
Vi1 Concepts of Forms 6:50
V2 Starting Javascript 13:40
V3 Dreamweaver / Javascript 7:31
V4 FTP / Dreamweaver 9:29
V5 Handling Input from Forms 5:18
Ve Functions 8:44
V7 If and Else 717
V8 Document Object Model part 1 5:24
V9 Document Object Model part 2 5:35
V10 Document Object Model part 3 6:29
\AR Forms 8:36
Vi2 Strings 6:02
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2.4 Some results

Before we undertook the explorative analysis of the log file data, we held
explorative interviews in a classroom with students exhibiting one or other form of
viewing scenario. This was done in order to define more viewing scenarios than the
four predicted in theory. Most students used some form of repetitive scenario or
two-pass scenario.

The following four scenarios were defined on the basis of the theory presented in
section 2 and the results of the student interviews:

2.4.1 Scenario 1

The student watches the video from the beginning to the end in one pass (one-
pass scenario).

A student begins watching a video. Streaming stops when the video has ended.
The server makes an entry of this event in the log file (see Table 2.3).

Table 2.3: Example of a one-pass scenario in a log file from the video V8

C-IP Date Time Starting point (in sec.) Duration (in sec.)

10.0.2.54 3/20/2006 13:55:44 0 324

2.4.2 Scenario 2

The student stops and replays the video more than once (repetitive scenario).

If a student pauses the video after some viewing time — and the server stops
streaming — an entry of this event is written to the log file. After a while (during
which time the student might be working on the assignment) the student restarts
the video streaming from the server. This repetitive scenario results in multiple
entries in the log files (see Table 2.4).

Table 2.4 Example of a repetitive scenario in a log file from the video V1

C-IP Date Time Starting point (in sec.) Duration (in sec.)
10.0.3.54 3/14/2006 13:59:57 0 69
10.0.3.54 3/14/2006 14:01:28 69 41
10.0.3.54 3/14/2006 14:04:02 109 6
10.0.3.54 3/14/2006 14:06:08 114 13
10.0.3.54 3/14/2006 14:06:58 0 5
10.0.3.54 3/14/2006 14:07:01 73 7
10.0.3.54 3/14/2006 14:07:06 88 7
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10.0.3.54 3/14/2006 14:07:11 100 3
10.0.3.54 3/14/2006 14:07:14 111 6
10.0.3.54 3/14/2006 14:07:17 123 97
10.0.3.54 3/14/2006 14:09:40 220 49
10.0.3.54 3/14/2006 14:11:04 269 50
10.0.3.54 3/14/2006 14:12:04 319 91

2.4.3 Scenario 3
The student watches the video in two separate sessions (two-pass scenario).

Some students watched all the relevant videos in one pass at the beginning of the
week and (possibly a few days) later on they watched them again more closely.
This results in entries in two separate log files, one for each session (day), and
possibly different IP addresses for some students.

The entries to the log file would be a combination of scenarios 1 and 2. A specific
example for scenario 3 cannot be given because the students were not required to
authenticate themselves.

2.4.4 Scenario 4

The student skips through the video at intervals of relatively short viewing times
(zapping scenatrio).

This viewing scenario results in many entries in the log files showing how the
students watched only brief fragments of the video (see Table 2.5).

Table 2.5 Example of a zapping scenario in a log file from the video V7

C-IP Date Time Starting point (in sec.) Duration (in sec.)
10.0.1.14 3/30/2006 7:02:58 0 3
10.0.1.14 3/30/2006 7:03:01 84 2
10.0.1.14 3/30/2006 7:03:04 163 10
10.0.1.14 3/30/2006 7:03:15 257 3
10.0.1.14 3/30/2006 7:03:18 329 6
10.0.1.14 3/30/2006 7:03:24 395 6

All scenarios except one (one-pass scenario) required user interaction. As this
interaction can only be recorded in log files on a streaming media server this
shows the importance of using streaming video.
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After defining these four viewing scenarios we started data mining the log files.
After cleansing and pre-processing, however, there was not enough data from the
log files from the streaming video server to continue the mining process. The good
data available have been used as examples of the four viewing scenarios we have
defined.

The mining process was replaced by a questionnaire (N=18). The most important
results from this questionnaire are:

Question: When you watched the instruction video, which viewing scenario did you

use most?

One-pass scenario: | watched the video from the beginning to the end in one pass. 17%
After watching, | started work on the assignment. There was no need to watch the video

again.

Repetitive Scenario: | watched the video bit by bit. If | didn’t understand something | 61%

rewound or fast-forwarded the video and played that bit again.

Two-pass scenario: | watched the video twice (or more times). First at the beginning of 22%
the week and again later on in the week.

Zapping scenario: / did not understand the assignment. | started to zap through the 0%
video hoping to find bits that would explain things I could understand.

We conclude that traces from all four scenarios are present in the data from the log
files but not to such an extent that data mining can be performed on these
scenarios. The zapping scenario was not scored by students in the questionnaire
but there were traces left in the log files indicating that zapping did take place.

2.5 Conclusions

Less than 20% of the students watched the videos in one pass. The vast majority
(> 80%) followed lessons by switching between watching the videos and doing the
assignments. Tracking this switching — user interaction — involves keeping records
and in the case of streaming video this can be accomplished through the log files
on the server.

None of the questioned students admitted to zapping. However, a few traces were
found in the log files. Perhaps a stronger link between the instruction task and
video might prevent zapping behaviour.

According to Blijleven (2005), the cause of the zapping scenario defined in this
experiment is based on a broken link between the instruction task and video.
Further research should incorporate user authentication in contrast to this
experiment where the students were anonymous.
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Conducting research in this field involves overcoming technological and didactical
issues. The solutions to these issues will fine-tune the streaming media server and
ensure that the link between the instruction video and task is not lost.

Future research is necessary. The educational videos will be segmented in a
research-based way (Verhagen, 1992; Verhagen, 1993). Authentication of events
will enable us to link viewing scenarios to individual attitudes and learning
progress. This research will be conducted on a sufficiently larger scale to ensure
that data mining can be applied to the log file
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In the previous chapter we focused on the following research question: Which
viewing scenarios can be recognized in log files from streaming media servers?
Four viewing scenarios were recognized:

e the one-pass scenario, where a student watches a video in one-pass

e the repetitive scenario, where a student has to rewind a part of the video which
he does not understand

e the two-pass scenario, where the student watches the video again after
finishing the first time in one-pass

e the zapping scenario, where a student skims a video episode in relatively short
viewing times.

The viewing behavior of the zapping scenario is similar to the learning behavior of
a student with an undirected learning style from Vermunt (1992). According to
Blijleven (2005), a broken link between the learning task and learning process
could be the underlying factor of this zapping behavior. Furthermore, if we want to
make learning management systems more personalized we might use this learning
style of a student. Therefore, learning processes and their possible link with
learning styles were investigated further.

The following chapter focuses in the following research question: Can we use log
files from streaming media servers in order to determine learning processes from
students and is there a link with the learning style model from Vermunt?

In the second experiment, as described in the following chapter, the viewing
behavior of students was recorded in a controlled environment (usability lab). The
log files from streaming media servers were analyzed and semi-structured
interviews were held with the students after the learning task.
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Abstract

The experiment described in this paper is part of a research project that
investigates the possibilities to make learning management systems more adaptive
at run-time, based on log files from streaming media servers. In an earlier
experiment we defined four viewing scenarios based on anonymous entries in log
files from streaming media servers. In this experiment, we investigated whether
these log files can tell something about the individual learning processes of
students. Students had to perform a learning task from a teacher. Some parts of
this learning task required that students watched instruction videos. Clustering the
viewing scenarios of a student for the learning task gives a digital trail of the
learning process of a student. These trails can be utilised to design learning
management systems that are more adaptive at run-time. Moreover, improved
learning tasks and improved instruction videos can be designed utilising the
information deduced from log files.
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3.1 Introduction

This paper is structured as follows. In section 1 (theoretical background) we will
discuss in detail the relation between learning processes of students - based on
specific combinations of viewing scenarios — and learning tasks from teachers —
based on specific combinations of assignments. Furthermore, the relation between
viewing scenarios and learning styles will be discussed. Section 2 sets out the
design of the experiment in detail. We show the results of this experiment in
section 3 and discuss our conclusions in section 4.

The experiment described in this paper is part of a research project and was held
in February 2008 at the Hanze University of Applied Sciences, Groningen.. This
research project investigates the possibilities to make learning management
systems more adaptive at run-time, based on log files of streaming media servers.
If LMS’s are more adaptive, teachers can make more effective and efficient use of
videos and other multimedia objects for students. In an earlier experiment (De Boer
& Tolboom, 2008) within this research project, four viewing scenarios were defined
based on anonymous entries in log files from streaming media servers. We use the
description of these viewing scenarios to describe the trails of an individual student
while performing a learning task from a teacher.

We investigated in this experiment whether log files from streaming media servers
indeed can tell something about the leaning process of an individual student. To
investigate this possibility, we defined a learning task from a teacher. This task
consisted of four assignments. Some assignments required watching instruction
videos. We compared results from log files with other sources like video’s recorded
with webcams, eye track data from a usability lab and in-depth interviews with
students.

Learning styles and strategies are often proposed as a basis to construct more
adaptive learning systems We will also look further into some models of learning
styles and their possible link with viewing scenarios based on our earlier research
(De Boer & Tolboom, 2008) We will use the learning style model of Vermunt.
Reason for this is that in an earlier experiment (De Boer & Tolboom, 2008) zapping
in instruction videos was detected in log files. Vermunt’s description of an
undirected learning style resembles the viewing and zapping behaviour of a
student. Also we will look further into the learning style model of Felder &
Silverman (1988). Felder links learning styles from students to teaching styles from
teachers.
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3.2 Theoretical background

In this section we give the theoretical background for this explorative research.
Firstly, we will present the research questions for this experiment. Secondly, we will
elaborate on the use of digital video and the use of log files from streaming media
servers. Thirdly, we will discuss viewing scenarios from students who are watching
instruction videos from a streaming media server as part of a learning task from a
teacher. Finally, we will discuss the role of viewing scenarios and learning styles in
designing adaptive learning systems.

The problem statement for this experiment is that we do not know for sure whether
log files from streaming media servers indeed tell something about a student
learning process while performing a learning task with videos from a teacher. In an
earlier experiment (De Boer & Tolboom, 2008) some patterns called viewing
scenarios were defined. However, that experiment was anonymous. Further
research was suggested to incorporate user authentication. No conclusions could
be drawn about the specific students viewing behaviour in reality. An example of
this is a viewing scenario called one-pass where student watch the whole video in
one time. Log files from such a scenario show that the server has been streaming
data to the student for the total length of an instruction video. This does not
necessarily imply that students were indeed behind their computer all the time
watching the instruction video.

The following research question was formulated: are the viewing scenarios,
determined through log files analysis, also describing the learning process of a
student? We focus in this experiment on comparing viewing scenarios based on
log files with viewing scenarios based on semi-structured interviews to investigate
whether there are any differences between them. If there are no differences then
we can use log files for real-time adaptive learning management systems. The
learning task was defined as a sequence of four assignments with two instruction
videos. We defined an intended learning process as a sequence of four viewing
scenarios. We used the log files to explore whether there are more learning
processes than the intended one.

A new approach proposed in this paper is to link learning task from teachers with
so-called intended learning processes, based on a design model for learning
environments of Kinkhorst & Zitter (2006) and teacher decision making called
Hypothetical Learning Trajectories (Simon, 1995). We use the term learning
process to describe all of the students’ activities during the learning task. An
intended learning process occurs when a student follows a path defined by the
teacher. All other routes are called unintended learning processes. An adaptive
learning management system should be able to adapt for both types of learning
processes because not all unintended learning processes are inappropriate.

Just as in e-business, in education web and streaming media server log files can
be used for personalization and evaluation. In educational settings, however, the
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use of log files for data mining is not employed to any large extent (Hewitt et al.,
2003). Log files are used mostly for detecting errors in the infrastructure and get
thrown away immediately afterwards because they reduce overall system
performance. In this experiment we collected the server-side data from the
streaming media server which distributed the instruction videos to the student.

Log files alone are not enough to interpret data. The context of use should also be
incorporated. Log file analyses can only be interpreted reasonably well when
additional data concerning the context of use is available (Pape et al., 2005). In the
experiment of this research, we used eye tracking data and a webcam from a
usability lab to interpret that students were indeed performing the learning task at
hand. Furthermore, we held semi-structured interviews right after the learning task.
So there were two extra data sources available to check if there were any
differences between the data from the log files and the data from the semi-
structured interviews.

Online streaming video servers are a recent technological development in the
distribution of video. Recent research has shown that streaming videos can be
used fruitfully in education, provided technical problems are overcome and the
content is embedded in the curriculum in general and specifically in assignments
(Hanna, 2000), (Gibbs et al., 2001), (Green et al., 2003), (So & Pun, 2002), (Boster
et al., 2006), and (Fill & Ottewill, 2006).

The learning task used in this experiment consists of watching two instruction
videos and performing two assignments based on those instruction videos. The
function of such a video component is threefold (Van den Berg & Visscher-
Voerman, 2000). First of all, video has the function to demonstrate. Software tools
in education for instance can be demonstrated in this way through screen capturing
some parts of their functionality. Secondly, video has the function to inspire. By
providing an example of innovative education to students, teachers inspire
students to experiment with these examples in their own educational work and in
so doing contribute to their competences. The third function is to stimulate
reflection and critical analysis of the professional working methods. The instruction
videos used in this experiment belong to the first category.

Each interaction from a student with the instruction video (starting, pausing, etc)
results in a separate entry in the log file from the streaming media server. Specific
combinations of these entries from one student in log files can be addressed as a
viewing scenario. De Boer and Tolboom (2008) conducted an experiment where
they studied viewing scenarios from students who were watching instruction
videos. They defined four viewing scenarios: one-pass, two-pass, repetitive and
zapping scenarios. If a student watches a video in one pass from the beginning to
the end, they called this viewing pattern a one-pass scenario. If a student watches
a video or parts of a video repeatedly, they called this viewing pattern a repetitive
scenario. Sometimes, students seem to skip through the instruction video at
regular intervals of relatively short viewing times. They called this viewing pattern a
zapping scenario. If a student watches a video again after a few days, they call this
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a two-pass scenario. The learning task in this experiment is completed in
approximately 45 minutes so the two-pass viewing scenario is not relevant for this
experiment.

Learning styles and strategies are often proposed as a basis to construct more
adaptive learning systems. Michael Abell for instance describes a model (Abell,
2006) guided by learning styles and emerging digital media to individualize learning
with the help of intelligent agents. Furthermore, one of the viewing scenarios
defined is zapping. According to Blijleven (2005) a broken link between the
learning process and the leaning task at hand could be the reason for this. We
investigate if there is any connection with learning styles to account for such
clicking behaviour.

There are many learning styles and also many learning style instruments,
described in a survey of the Learning & Skills Research Centre (Livingston, 2004)
In that survey one of the valid instruments and models is the one developed by
Vermunt (1992). Vermunt not only speaks of learning styles and strategies from a
cognitive viewpoint but also from a self-regulating and motivation viewpoint.
Vermunt argues that four qualitatively different learning styles can be discerned: an
undirected, a reproduction directed, a meaning directed and an application directed
learning style. Mental models of learning and learning orientations turn out to be
related to the way in which students interpret, appraise and use instructional
measures to regulate their learning activities. There are large differences among
students in the manner in which they carry out learning functions. These
differences are associated with internal and external sources. Furthermore, the
preferred learning style can be scored with an online index of learning styles test
(ILS). Interesting question is whether there is a correlation between learning styles
and viewing scenarios. For instance: does a student who is zapping through
instruction videos also have a preference for an undirected learning style? The
model of Vermunt has been used in this experiment.

Another model of learning styles is the one of Felder & Silverman (1988). He
introduces 32 learning styles in his framework based on five dimensions:
perception, input, organization, processing, and understanding. Furthermore, he
introduces five teaching styles to accommodate these learning styles also based
on five dimensions: content, presentation, organization, student participation and
perspective. This model is used in this experiment to understand one of the
outcomes of the interviews. It tells us that video is not always the preferred input
for students.

Felder also advocates addressing all possible learning styles in a classroom with
all possible teaching styles to some extent. We propose to use a more adaptive
form of teaching compared to Felder and also the use of adaptive learning
management systems (De Bra et al., 1999). De Bra describes Adaptive
Hypermedia Systems (AHS) that make it possible to deliver "personalized" views or
versions of a hypermedia document without requiring any kind of programming by
the author(s). Also, although it is possible to offer users a way to initialize the user
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model through a questionnaire, an AHS can do all the adaptation automatically,
simply by observing the browsing behaviour of the user. Bures (2006) describes
that automatic generation of such a user model can improve data consistency and
stability of adaptive e-learning hypermedia systems.

A more adaptive and conceptual framework is also proposed by Abell (2006). This
framework harnesses the potential of intelligent learning systems, machine
learning models, and universal design for learning principles to help formulate next
generation instructional materials. By using intelligent and interactive curricula,
educators could begin to move away from information disseminator into a facilitator
of the learning experience.

Promising results for using an adaptive environment are presented by Kommers et.
al (2008). Their study compares the effectiveness of two performance support
systems, adaptive and non-adaptive, on learning achievements of engineering
students. In addition, the research design controls for a possible effect of learning
style. The analysis reveals that students working with an adaptive performance
support system score significantly higher than students using a non-adaptive
performance system on a performance test across different learning styles.

The learning task at hand is situated at the beginning of the course about XML and
consisted of a 45-minute introduction lesson about XML with two instruction videos
and two assignments. First the students watch the instruction video about XML.
After the first instruction video, they have to perform an accompanying assignment
about XML. They can use the same instruction video about XML again if needed.
The last two parts are similar to the first two parts except for the topic in the
instruction video (DTD instead of XML). The learning processes in this experiment
consist of a combination of four viewing scenarios, linked to the four parts of the
learning task. Using IMS [http://www.imsglobal.org] notation, this is shown at the
left of Figure 1. The intended learning process for this learning task from the
teacher is that a student first watches the instruction video in a one-pass scenario
and — in order to make the assignments— is subsequently watching specific parts of
that instruction video in a repetitive scenario. The complete intended learning
process is: one-pass, repetitive, one-pass, and repetitive.

The link between the learning task and the learning process is visualized by the
arrows in Figure 1. A broken link due to not completing an assignment is
represented by the absence of one or more viewing scenarios in Figure 3.1.
Another example of a broken link is that students zap through instruction videos.
According to Blijleven this can occur if there is a broken link between the learning
task and the instruction video. This broken link is visualized by the presence of one
or more zapping scenarios in the learning process. Vermunt’s description of the
undirected learning style (Vermunt, 1992) could be the reason for this zapping
behaviour.

At the student level, we see a diversification of learning processes. However, at the
teacher’s level we see a convergence of a learning task. Solution for the student,
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within the context of this research, is personalisation of the learning management
system. If an LMS can adapt for many learning processes, students can eventually
study more efficient and effective.

=
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Figure 3.1 Learning task from a teacher and the corresponding intended learning process of a
student (see online version for colours)

3.3 Design of experiment

In this section, we will elaborate the design of the experiment. Firstly, we will
describe the student population and the learning task including instruction videos
involved. Secondly, we will describe the recording of the learning process using
webcams and eye tracking in a usability lab. Finally, we describe the data
collected: log files from the streaming media server, the preferred learning style of
a student using an online questionnaire, and semi-structured interviews held right
after finishing the learning task.

A group of 23 undergraduate students at the Hanze University of Applied Sciences,
Groningen individually performed a learning task in this experiment as the first
lesson of a course in the eXtensible Markup Language (XML). This course is part
of second year program of the major Communication Systems. The learning task -
a 45-minute introduction lesson about XML - consists of two instruction videos and
two assignments. We instructed the students at the start of the learning task they
should finish the lesson in about 45 to 60 minutes. The teaching model used was
as follows: first the students watch the instruction video about XML (with a length of
8.39 minutes). After the first instruction video, they have to perform an
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accompanying assignment about XML. They can use the same instruction video
about XML again if needed. The last two parts are similar to the first two parts
except for the topic in the instruction video (DTD instead of XML). The length of the
second instruction video used was 6.54 minutes.

Log files alone are not enough to analyze the learning process. To conclude that a
student indeed has been watching a video, more data sources have to be
collected. The learning task was not performed in a regular lesson but individually
in a usability lab. A usability lab is an environment where users are studied
interacting with a software system or interface for the sake of evaluating the
system's usability. In other words, a usability lab is a place where usability testing
is done. To evaluate the usability of a system one can record the movements of the
eyes and one can record with a webcam the student and its surroundings.
Students were scheduled for one hour to visit the usability lab and to perform the
learning task. Four media sources were recorded: screen capture of the learning
task, eye tracking data in terms of fixation points and lines between these points,
webcam, and audio from a microphone.

While performing the learning task, students were watching instruction videos
distributed from a streaming media server. Table 1 shows a sample log file from a
streaming media server, where C-/P is the user’s IP address, Date and Time is the
time when the streaming event starts, Starting Point is the starting position in the
instruction video where streaming begins and Duration is the period during which
the streaming media server was watched. The username of the student is not
recorded in this log file but in another log file from the media server and from the
planning schedule for this experiment. There are several entries for the student
with IP address 10.0.1.54. Combining these entries indicates something about his
viewing behaviour. Table 3.1 is an example of a possible zapping scenario: short
viewing times in each entry.

Table 3.1 Log file data from a streaming media server (zapping scenario)

C-IP Date Time Starting point Duration
(in sec.) (in sec.)
10.0.1.54 3/13/2006 10:13:43 0 3
10.0.1.54 3/13/2006 10:13:46 241 1
10.0.1.54 3/13/2006 10:13:48 413 1
10.0.1.54 3/13/2006 10:13:50 525 2

Semi-structured interviews were held right after the learning task. Four topics were
discussed. Firstly, we asked if something unusual had happened during the
learning task which could influence the results. Secondly, we asked about the
quality of the instruction video. Thirdly, we asked them — after instructing them
about the four viewing scenarios — to score their learning process in terms of these
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viewing scenarios. Finally, students were asked to fill in an online questionnaire to
score their preferred learning style. This online questionnaire is based on the
model of Vermunt.

3.4 Results

In this section we will discuss the results from this experiment. Firstly, we will
discuss the differences between the measured viewing scenarios from the
students, based on log files and semi-structured interviews. Secondly, we will
describe the learning processes of students apart from the intended one. Thirdly,
we will discuss the link between learning processes and learning styles. Finally, we
introduce an extra viewing scenario based on eye tracking a more appropriate
name for viewing scenarios.

In Table 3.2, viewing scenarios of one student are scored in the last column for the
first two parts of the learning task (watch video XML and perform assignment
XML). The length of the instruction video was 519 seconds.

Table 3.2 Viewing scenarios for the XML-part of the learning task

IP address Date Time Start time in Duration (sec) Viewing
(mm/dd/yyyy)  (hh:mm:ss) video (sec.) scenario

10.0.1.248 2/12/2008 12:47:03 0 519 One-pass
10.0.1.248 2/12/2008 13:00:30 0 20

10.0.1.248 2/12/2008 13:00:46 22 12

10.0.1.248 2/12/2008 13:00:56 28 3

10.0.1.248 2/12/2008 13:02:07 30 21

10.0.1.248 2/12/2008 13:02:46 50 6

10.0.1.248 2/12/2008 13:02:50 74 4

10.0.1.248 2/12/2008 13:02:52 96 26 Repetitive
10.0.1.248 2/12/2008 13:06:23 121 3

10.0.1.248 2/12/2008 13:06:24 132 5

10.0.1.248 2/12/2008 13:06:27 162 4

10.0.1.248 2/12/2008 13:06:29 182 3

10.0.1.248 2/12/2008 13:06:31 207 4

The last two parts about DTD showed comparable results and are not shown in
Table 3.2 because they do not provide extra information. Hence, the measured
learning process of this student was: one-pass, repetitive, one-pass, repetitive.

This is also the intended learning process of the teacher.
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The viewing scenarios and learning processes of all 23 students are summarized
in Table 3.3. In the first column is the student’s number. The second column is split
into four sub-columns with the measured viewing scenario based on log files. The
four viewing scenarios together form the learning process. The third column shows
viewing scenarios and learning processes based on semi-structured interviews. No
score of a viewing scenario occurs when a student is making the assignment
without watching an instruction video.

Scores of the measured learning processes mutually differ only for two students
(nr. 4 and nr. 22). For 21 students the learning process defined in terms of a
sequence of four viewing scenarios based on log files, is the same as the viewing
scenarios based on semi-structured interviews. So, measuring learning processes
in terms of viewing scenarios based only on log files would have been
representative for this experiment.

For 18 students the measured learning process is also the intended learning
process (O-R-O-R), scored with log files and interviews. Two students (nr. 8 and
nr. 10) however did not need to watch the instruction movies again to complete the
assignments. Another student (nr. 18) began the assignment without finishing the
instruction video. We can also consider these two learning processes as an
appropriate learning process: not all students need to watch the instruction videos
completely or for a second time. We also confirmed with the video data from web-
cams and eye tracking to confirm that the learning process described by students
was indeed what they answered in the semi-structured interviews.

The learning styles of the students are summarized in Table 3.4. In the first column
is the student’s number. Fourteen of the 23 students scored their learning style
using the online index of learning styles (ILS) test. Nine of the scored learning
styles are empty. This is due to the sudden disappearance of these students who
went studying abroad. Despite many efforts they did not return their scores. Nine of
these fourteen students scored one of the three preferred learning styles of
Vermunt and five students scored the undirected learning style. One of the
students (nr. 6) showed traces of zapping in the log files but not to a large extent.
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Table 3.3 Measured learning processes (combination of four viewing scenarios), scored from log files
and interviews

N Learning process (from log files) Learning process (from interviews)
1 2 3 1 2 3 4
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Notes: (O = one-pass scenario, R = repetitive scenario)

However, in the interviews the five students with an undirected learning style did
not score themselves as zapping. This can possibly be explained by the fact that
the topics covered are at an introduction level. Verhagen (1993) conducted a pre-
post-retention study to gather further insight in the relationship between (self-
chosen and program-controlled) segment length of an interactive videodisk
program and performance on post- and retention tests. Segment length is not only
related to the time length of the video fragment but also related to the amount of
information presented. The longer the video segments were, the lower, on
average, was the recall of factual information. Furthermore, the ILS test showed
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the undirected learning style was scored just slightly higher than one of the
preferred learning styles.

Table 3.4 Preferred learning style of the students (Vermunt)

N Learning style (Vermunt) N Learning style (Vermunt)
12

1 Meaning 13 Application

2 14 Undirected

3 Meaning 15 Undirected

4 Meaning 16 Undirected

5 Application 17 Undirected

6 Undirected 18

7 Application 19

8 Application 20

9 Meaning 21 Application

—_ 4
- O
N N
w N

The quality of the instruction videos used in this experiment was more than
adequate according to all 23 students. All students scored the technical quality
(resolution, sound, etc) and the contents of the video on a scale of 1-10 between 7
and 8.

Two students (nr. 11 and nr. 15) preferred text-based tutorials rather than video-
based material. This confirms the findings of Felder & Silverman (1988), stating
that watching video is not always a preferred teaching style component for
students. Furthermore, one student had a mild form of ADHD but did not score an
unintended learning process in this introduction lesson.

We propose to extend the series of four viewing scenarios with a fifth one called
snorkelling scenario. After analyzing the eye tracking data, we noticed that
students were looking for specific parts in the instruction videos, resulting in
another type of viewing scenario than the most appropriate one (the repetitive
scenario). They were pausing the instruction video on specific parts of the
instruction video in order to make the assignment. They did not remember the XML
knowledge presented in the instruction video. This searching pattern resembles
snorkelling of a diver when searching for an object: start with searching at the
surface and when the object is found dive deep.

We also propose the term viewing style instead of viewing scenario. Viewing
scenarios is a description of a sequence of events and with no personalisation
element of a student. Viewing style, when compared to learning style, accounts
more appropriate for the personal element involved.
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3.5 Conclusions and discussion

In this section we will present the conclusions based on the results of the
experiment. Also, we will discuss these results.

Results show that for 21 of the 23 students the learning processes, defined in
terms of a sequence of viewing scenarios, based on log files are the same as the
ones based on semi-structured interviews. So, conclusion is that measuring
learning processes in terms of viewing scenarios based only on log files would
have been representative for this experiment.

Most students (18 of the 23) exhibited the intended learning process. The rest (5 of
the 23) of the students showed a diversification of learning processes. However,
three of these five students showed an appropriate but yet unintended learning
process: they started making the assignment before finishing the instruction video.
Adaptive learning systems should be able to take this into account. They have to
respond preferably automatic and in real-time to this user-specific information.

Only one of the five students, who scored the undirected learning style, showed
traces of zapping in the log files but not to a large extent. However, in the
interviews these five students did not score themselves as zapping. This can
possibly be explained by the fact that the ILS test showed the undirected learning
style was scored just slightly higher than one of the preferred learning styles.
Furthermore, the topics covered are at an introduction level. Verhagen shows that
segment length is also a possible relevant factor. Further studies should
incorporate longer videos with more information elements to possibly reveal
zapping behaviour.

Two students preferred text-based tutorials rather than video-based material. This
confirms the findings of Felder & Silverman (1988) stating that watching video is
not always a preferred teaching style component for students. This should be used
in adaptive learning management systems, for instance in a user model of an AHS.

We proposed to extend the series of four viewing scenarios with a fifth one called
snorkelling scenario. Students were looking for specific parts of the instruction
videos, resulting in another type of viewing scenario than the most appropriate one
called repetitive scenario. This searching resembles snorkelling of a diver. Also, we
propose to use the term viewing style instead of viewing scenario. This accounts
more for the individual learning aspect of a student instead of focussing on a
sequence of events.

Using log files to describe learning processes as a combination of viewing
scenarios seems promising. Firstly, we do not always have to interview students to
measure their learning process. Furthermore, we can anticipate in real-time on
their expected clicking behaviour by using this information in adaptive learning
environments.
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Further research is necessary to make intelligent agents, not only based on log
files from standard information systems but also from streaming media servers.
Also, adaptive learning systems for students should be designed which use this
information directly. Finally, improved learning tasks and instruction videos can be
the result of the information deduced from log files.
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Thesis structure:

Chapter:

Main conclusions:

Chapter 1 Introduction

Problem statement, research questions, and thesis
structure

Chapter 2 How to interpret viewing scenarios in log
files from streaming media servers

Research question:
Which viewing scenarios can be recognized in log files
from streaming media servers?

Four viewing scenarios were recognized:
one-pass, repetitive, two-pass, and a
zapping scenario.

Chapter 3 How to use log files from streaming media
servers to determine learning processes

Research question:

Can we use log files from streaming media servers to
determine learning processes from students, and is
there a link with the learning style model from Vermunt?

Students’ learning processes could be
monitored through the use of log files.
However, we found no clear link between
viewing scenarios of students and their
learning style.

Chapter 4 Using learning styles and viewing styles
in streaming video

Research question:

Do viewing styles go together with pervasive personality
traits such as manifested learning styles and short-term
memory and can viewing style awareness contribute
higher learning outcomes?

Viewing behavior with streaming video of
students is not strongly correlated to short-
term memory capacity and learning styles.
Students are flexible in changing their
viewing behavior. An awareness instruction
enhanced their learning outcomes.

Chapter 5 Viewing video for learning

Research question:

What is the difference in learning effects and retention
decays between students with and without an
awareness instruction on an alternative viewing
behavior and what is the effect of the students’ level in
prior knowledge on the learning effects?

Students who demonstrate a strategic or a
multiple viewing approach attain higher
learning effects than students with only one
viewing approach.

Students with low prior knowledge of the
topics are less able to enhance their
metacognitive skills. Some students develop
marking techniques with the mouse in the
media player to watch video more
strategically.

Chapter 6 Discussion

Findings, implications, reflection, and future work
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In the previous chapter we focused on the following research question: Can we use
log files from streaming media servers in order to determine learning processes
from students and is there a link with the learning style model from Vermunt?

It demonstrated that students’ learning processes could be monitored through the
use of log files. However, there was no clear link between viewing scenarios of
students and their underlying learning style. Vermunt’s distinction of learning styles
not only includes a cognitive- but also a self-regulating and a motivational
perspective. Therefore, our focus changed from learning styles to more pervasive
personality traits like cognitive styles and the short-term memory of students.

This brought us to the third experiment which will be described in the following
chapter. The third experiment consists of two parts. The first part focused on the
cognitive perspective and investigates whether the students’ viewing behavior is
determined by pervasive personality traits. The second part focused on the
awareness about viewing styles.

We focused on the following two research questions:

-Do viewing styles go together with pervasive personality traits such as manifested
learning styles and short-term memory?

-Can viewing style awareness contribute to higher learning outcomes?

The students’ viewing behaviors were investigated in a controlled environment

(usability lab). Semi-structured interviews were taken from the students after they
performed the learning task.
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Abstract

Improving the effectiveness of learning when students observe video lectures
becomes urgent with the rising advent of (web-based) video materials. Vital
questions are how students differ in their learning preferences and what patterns in
viewing video can be detected in log files.

Our experiments inventory students' viewing patterns while watching instructional
videos. Four viewing styles were postulated and checked for correlations with
existing learning styles and the recent signaling of parallels with the learner’s short-
term memory capacity. Finally we checked whether learners’ awareness of their
actual viewing style potentially contributed to learning outcomes.

The viewing behavior of 51 undergraduate students has been investigated. The
students performed an individual learning task based upon instructional videos.
Felders learning styles test and Huai's short-term memory test were used and
checked for correlation. Video recordings in a usability lab were used to measure
the students' viewing behavior. A multiple-choice test was integrated to measure
possible learning effects. Moreover, students were interviewed afterwards.

No strong correlation between the viewing styles and pervasive personal traits of
students was perceived. Some students seem to switch their viewing style based
upon their cognitive need, without lowering their test score. This flexibility of the
student in adapting his viewing behavior might account for the missing correlation
between pervasive personality traits and viewing styles. Students scored 20%
higher on the test scores when using an awareness instruction.
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4.1 Introduction

The challenge to improve the effectiveness of learning by using video lessons has
become urgent as web-based materials contain more and more video and control
tools for the learner. Earlier research into the ideal length of video fragments was
based upon interactive video such as those via video discs when the zapping user
was an unknown phenomenon. The web has created a much more autonomous
and flexible student attitude. If we want to improve any aspect of students’ learning
from video, it is inevitable to typify and understand how they differ in their learning
preferences (Yang & Tsai, 2008). The question arises what patterns in viewing
video can be detected in logging files.

The experiment described in this paper is the third stage of a research project that
investigates the possibilities to make learning management systems adaptive
based upon log files from streaming media servers. In the first experiment (De Boer
& Tolboom, 2008) four viewing scenarios based on anonymous entries in log files
from streaming media servers were defined.

In the second experiment (De Boer, 2010), the log files were inspected for
meaningful indications on how to adapt further to the individual leaning processes
of students. In this third experiment, the viewing behavior of students was linked to
pervasive personality traits like their learning style and the capacity of students’
short-term memory.

Video is being used increasingly as an instructional tool in education and therefore
it becomes important to optimize the learning process of students from video
lessons. Furthermore, students are instructed to enhance their learning skills to
from text but not from video. Finally, interacting with the control buttons of a media
player gives students only standard tools to interact (start and stop) with video
hardly supporting the learning process.

Streaming video servers are frequently used to distribute video to students
nowadays. These servers are logging event queues: (pausing, rewinding, etc) in so
called log files. Just as in e-business, log files can be used for personalization and
evaluation. In educational settings, however, the use of log files for mining
purposes has not yet been employed to a large extent (Hewitt et al., 2003). Log
files are mostly used for detecting errors in the infrastructure and will be deleted as
they may reduce overall system performance. Shih, Feng, & Tsai (2008) have
observed a clear trend that more and more studies were utilizing learner’s log files
as data sources for analysis.

However, it seems worth investigating in order to find out the best way to chunk
video streams into meaningful segments for the sake of optimizing study results. If
the viewing behavior of a student potentially influences his or her learning
outcomes, we can also use these loggings for delivering individual feedback to the
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student. More adaptive and more effective learning management systems may be
applied the coming years.

The rest of this paper is organized as follows. In Section 2, the literature review is
focused on the use of streaming video and the collection of log files. In Section 3,
the background of learning styles and short-term memory is presented. In Section
4, the use of some adaptive systems is given. In Section 5, the research setup of
the experiment is presented. In Section 6, experimental results are presented.
Finally, the discussion is given in Section 7.

4.2 Relevant work

Our earlier research will be presented in this section, together with relevant work,
and the research question.

The experiment in this paper is part of a research project. The experiments in this
project investigate the possibilities to make learning management systems more
adaptive at run-time, based on log files from streaming media servers. In the first
experiment (De Boer & Tolboom, 2008), four viewing scenarios were defined
based on anonymous entries in log files from streaming media servers. One of
those scenarios was ‘viewing by zapping’ where a student seems to zap through a
video episode. According to earlier research (Blijleven, 2005), a broken link
between the learning task and the learning process could be the cause of this.
Also, the zapping viewing scenario shows patterns of the ‘undirected’ learning style
as distinguished by Vermunt (1992).

In the second experiment (De Boer, 2010), learning processes and learning styles
were investigated further. It demonstrated that students’ learning processes
(constituting a learning task) could be monitored through the use of log files.
However, there was no clear link between viewing scenarios of students and their
learning style. Vermunts learning style model includes not only a cognitive
perspective but also a self-regulating and motivation perspective.

The third experiment addresses the main topic of this paper and focuses on the
cognitive perspective and investigates whether the students’ viewing behavior is
determined by pervasive personality traits. The question is how this understanding
can be used in order to optimize student results. The theoretical underpinning has
been based upon earlier work by Huai (2000), who found a correlation between the
learning style and the short-term memory of a student. Learners with a weaker
short-term memory need to derive lost elements in short term memory by actively
recruiting and elaborating elements from long-term memory. Learners with a
holistic style build a much more integrated knowledge structure that pays back in
terms of flexible problem solving and a much larger factual repertoire in the long
run.

The question for the experiment is if and how the linear and holistic learning style
can been detected in students’ viewing behavior while learning from video

52




I (sing learning styles and viewing styles in streaming video

segments. The research question was formulated as: Does a student’s viewing
behavior correlate with more pervasive personality traits such as short-term
memory capacity ?

The interaction moments of a student was explored in the context of his navigation
while learning from video segments. Navigation is carried out with the control
buttons of the media player and may have several purposes. For instance,
students may pause a video in order to explore a complicated still frame with a
high information density. Students can also return to a specific segment of the
video or the complete video. Interacting with the control buttons of the currently
standard Windows Media Player allows the student only basic tools to interact with
the video resources.

Optimizing the order of video segments in terms of meaningful episodes is
therefore of prime importance. Ausubel (1960) primed the idea of “advance
organizer”. It implies that meaningful learning can be provoked by initiating the
semantic conceptual skeleton before subsuming its subordinate details.

Verhagen (1992) investigated the optimum video segment length in the early
nineties. He defined the maximum number of questions as the total amount of
information elements. He distinguished some typical information elements and
roles in the segment lengths chosen by a group of students. His goal was to
formulate design rules for learning from video material. The outcome showed that
students often halted when a video segment seemed to be finished, e.g. the
change of the camera angle.

Each interaction with the control buttons of the media player results in a separate
entry in a log file from the streaming media server. Specific combinations of these
entries from one student in log files can be conceived as a “viewing scenario”. De
Boer et al. (2008) observed students’ viewing scenarios while watching
instructional videos. The logged interaction events have in common that students
prefer to escape from the default viewing sequence for a variety of reasons. For
instance, the student may want to improve his understanding of a specific segment
before continuing with the next segment or he want to memorize the contents.
These interactions will be labeled as stopping moments further on.

Four entries and five attributes in a log file from a streaming media server are
shown in Table 4.1.

e |P-address is the user’s IP address.
e Date and Time is the time when the streaming event starts.

e  Starting Point is the starting position in the instructional video where streaming
begins.

e Duration is the period of watching the streamed media.
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There are several entries for the student with a certain IP address. Combining
these entries allows the researcher to typify the pattern in viewing behavior of a
specific student. Table 4.1 shows a typical zapping scenario: short viewing times
(duration) in each entry.

Table 4.1
Log file data from a streaming media server (zapping scenario)

|P-address Date(m:dd:yyyy) Time(hh:mm:ss) Starting point (in sec.) Duration (in sec.)
10.0.1.54 3/13/2006 10:13:43 0 3
10.0.1.54 3/13/2006 10:13:46 241 1
10.0.1.54 3/13/2006 10:13:48 413 1
10.0.1.54 3/13/2006 10:13:50 525 2

De Boer et al. (2008) defined four viewing scenarios: one-pass, two-pass,
repetitive and zapping scenarios. Table 4.2 describes the viewing behavior of
these four viewing scenarios.

Table 4.2
Viewing scenarios, viewing behavior, and viewing styles

Viewing scenario Viewing behavior Viewing style
One-pass Scenario a student watches a video in one pass (uninterruptedly) from Linear
the beginning to the end
Two-pass Scenario a student watches a video again after finishing the first time in ~ Elaboration
one-pass
Repetitive Scenario a student watches parts of a video repeatedly Maintenance
Rehearsal
Zapping Scenario a student skips through the instructional video at intervals of Zapping

relatively short viewing times

The student’s choice among the four viewing scenarios in this first experiment was
not determined by the will to achieve a high test score because there were no tests
in the learning task. Combinations of several viewing scenarios were investigated
in the second experiment (De Boer, 2010). In this third experiment however, a test
will be used in a controlled situation and therefore we will not investigate the
zapping scenario further.

4.3 Viewing patterns and learning styles

In this section, the underpinning theory about learning styles and short-term
memory will be discussed in relation with viewing patterns.

Learning styles and learning strategies are used quite often in the same way in
research. Kirby (1984) made a distinction between styles and strategies: style is a
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stable way of approaching tasks while strategies are ways of handling particular
tasks. Two relevant strategies of Craik & Lockhart (1972) for this research are
maintenance rehearsal versus elaboration. Maintenance rehearsal is the
strengthening of elements in the short-term memory through repetition. Elaboration
is the meaning-oriented rehearsal using related knowledge from long-term
memory.

The elaboration learning strategy from Craik & Lockhart is similar to the two-pass
viewing scenario (recruiting semantically-related knowledge from one’s long-term
memory), often labeled as a process of meaningful elaboration. Its role is to
establish connections among prior and new concepts in the student’s mind. In
terms of cognitive style we may distinguish elaboration versus maintenance as two
complementary trends to memorize. In terms of study approach we may recognize
elaboration as a way to prioritize the process of understanding rather than merely
memorization. The maintenance rehearsal approach learning strategy is similar to
the repetitive viewing scenario through the refreshing of memory. A viewing
scenario based upon rehearsal implies that a student needs support based on the
chronological order of the video segments. Therefore it is a kind of maintenance
rehearsal and also rote learning (learning by repetition).

Following Craik & Lockhart and De Boer (2010), who suggested to use the term
viewing style, we introduce the next terms for the viewing behavior of students:
elaboration viewing style , maintenance-rehearsal viewing style, and linear viewing
style. In Table 4.2 we list these viewing styles including the zapping style from our
earlier experiments.

Our research question focuses on a correlation between the viewing behavior of a
student and pervasive personality traits like learning style and short-term memory,
based on earlier work of Huai (2000). She signaled a parallel between the
students’ learning style and his/her short-term memory capacity. Huai studied the
descriptions of learning styles and cognitive styles for the design of her short-term
memory test which we also used in our experiment. Cognitive styles are related to
the organization and control of cognitive processes and learning styles to the
organization and control of strategies for learning and knowledge acquisition
(Messick, 1987). Learning styles can be considered as a stable way of
approaching learning tasks that are characteristic of individuals (Biggs, 1988). Huai
defined four learning styles on the dimension holistic versus serialistic: holists,
serialists, versatiles and the unknown-style. Serialists adopt a sequential learning
approach and concentrate on details and procedures. Holists adopt a global,
thematic approach to learning. Versatile students may adopt both approaches.
Students with “unknown-styles” do not display ingredients of learning styles
anyway.

Huai also explored the relation between short-term memory and learning styles.
Short-term memory, according to (Ashcraft, 1989) is a working memory system
where the information is held for further mental processing. It can hold a variety of
informational codes, acoustical information, etc. Its capacity is limited. Miller (1956)
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suggested that short-term memory span is seven plus or minus two chunks. A
chunk is a cluster of items. The functional duration of short-term memory is about
15 to 20 seconds and fades away without maintenance or elaboration rehearsal.
Huai showed that holists have a lower capacity of short-term memory and serialists
a higher short-term memory capacity.

Students, who score low on a short-term memory test, are expected to pause or
rewind the videos at an earlier moment compared to students who score high on
this test. We included this understanding in our experiment whether or not styles
are related to the students’ short-term memory and their subsequent learning style
in terms of holistic/serialistic sequencing approach.

Huai used the Smugglers Test in her experiment to score the learning style
(serialist — holist) which is time consuming and therefore of little use in online
learning environments. Graf, Lin, & Kinshuk (2008) indicate that we can use the
score on the dimension understanding (serialist - global ) to measure the serialist -
holist learning style when using the ILS test of Felder & Silverman (1988). Felder &
Silverman introduced 32 learning styles embedded in five dimensions: perception,
input, organization, processing, and understanding. They further introduced five
teaching styles in order to accommodate these learning styles also based on five
dimensions: content, presentation, organization, student participation and
perspective. Felder & Silverman advocate addressing all possible learning styles in
a classroom with all possible teaching styles to some extent. They developed an
online Inventory of Learning Styles. This online test measures four of the five
dimensions with eleven questions per dimension. All 44 questions were scored, but
only the 11 questions on the dimension understanding (sequential — global) were
used.

4.4 Adaptation

In this section some uses of adaptive systems and the operational research
questions will be discussed.

Learning style and learning strategies are often proposed as a basis for
constructing more adaptive learning systems. Abell (2006) has described a model
guided by learning styles and emerging digital media to individualize learning with
the help of intelligent agents. Tseng, Chu, Hwang, & Tsai (2008) have proposed an
innovative adaptive learning approach based upon two main sources of
personalization, that is, learning behavior and personal learning style.

Schiaffino, Garcia, & Amandi (2008) identify two main research directions: adaptive
educational systems and intelligent tutor systems. The latter ones are
characterized by its continuous efforts to optimize both the system responsiveness
and the learners’ meta-cognitive awareness. Instead of the opportunism to adapt
the medium to the latent learner traits, it provokes the learner to become more
active and cope with his/her unbalanced mental trend or even mental repertoire.
Adaptive educational systems accommodate the variety in the presentation of
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content and navigation through the student’s profile. Intelligent tutor systems
recommend educational activities and deliver individual feedback according to the
student’s profile. Schiaffino, Garcia, & Amandi proposed an agent (eTeacher) that
can be considered as an intelligent tutor who unobtrusively observes the student’s
behavior and builds the profile.

In order to detect a student’s learning style, Garcia, Schiaffino, & Amandi (2008)
explored a Bayesian network representation. During the course, this network is
filled with information. Chen (2008) uses a genetic-based e-learning system with
personalized learning path guidance on the basis of incorrect test responses of a
pre-test. Ozpolat & Akar (2009) proposed an automated model to detect the
learning style of a student. All prior examples make use of the Felder & Silverman
model to classify learning styles.

Designing adaptive learning environments on the basis of learning styles is based
on the idea that the styles are stable along time and across learning task periods.
Huai (2000) experimented this hypothesis and found evidence both in literature
and experimental outcomes. The use of learning styles has also been questioned:
they are a simplification of the many dimensions and can hardly explain the
essence of individual learning characteristics. Willingham (2009) ignored the
occurrence of learning styles. Learner differences are important: in fact many of
them exceed the impact factor of personality traits and sequential preferences, for
example:

e their motivation to learn the subject in question (if the motivation's not there, it
has to be stimulated)

e their prior knowledge of the subject (novices need more structure and support;
“scaffolding”)

e the extent to which they've learned how to learn (independent learners will be
much less demanding)

Some models, like the one by (Vermunt, 1992), include factors such as motivation.
This reduces the stability of learning styles over time because the motivation of a
student changes. He argues that four distinct learning styles can be discerned: an
undirected, a reproduction directed, a meaning directed and an application directed
learning style.

A recent survey (Peterson et al., 2009) on learning styles shows considerable
consistency among the researchers on the potential impact of learning style in
educational settings. One of them is the use of awareness about learning styles of
students and teachers.

We propose to use a more adaptive form of teaching compared to Felder &
Silverman and also the use of adaptive learning management systems. Our
approach is to use log files from streaming video to design in real-time more
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adaptive learning management systems. In this way we are not dependant on
previous and possibly wrong or outdated information about their learning style.

Cook (1991) examined learners’ learning style awareness among a group of 78
college students in order to determine to what extent learning style awareness can
be regarded in isolation of teaching styles and if these students would benefit from
this awareness in terms of academic achievement. Cook found a significant
difference in academic achievement in favor of the learning style awareness group.

The concept of learning style awareness was adopted in our experiment in order to
enhance learning outcomes from tests. For this purpose students were confronted
with their actually-performed viewing sequence.

The operational research questions:

1 - Do viewing styles go together with pervasive personality traits such as
manifested learning styles and short-term memory?

Earlier experiments of De Boer et al. (2008) failed to show any relationship
between manifest sequential preferences and its underlying personality traits.
Attempts were given to reproduce the link between short-term memory and
learning styles as shown by Huai & Kommers (2001). The dominant viewing style
was analyzed for students’ short-term memory capacity (measured by Huai’s test)
and their learning styles (measured by the learning style test of Felder &
Silverman).

It can be expected that students, with a higher short-term memory capacity
transcend from the given chronology only at a later moment in the instructional
video based upon their cognitive need. We also expected that students, who watch
the instructional video in one-pass, develop a more saturated short-term memory.

2 - Do students show a consistent preferred viewing style while watching
instructional videos ?

To see whether the viewing style itself is a pervasive personality trait, we logged
and analyzed the learners’ viewing style (linear, elaboration, or maintenance
rehearsal) during the confrontation with the instructional videos. The dominant
registered viewing style category was defined as ‘preferred viewing style’.
Interaction with the instructional video is based upon students’ cognitive need so
that we also looked at the test scores to see if there are differences based upon
their viewing style.

We expected that students, who use more than one viewing style, score lower on
the test scores.

3 - Can viewing style awareness promote higher learning outcomes?

In order to test a possible effect of awareness on learning outcomes, a group of
students participated under two conditions: (Randomly chosen) half of the students
got an awareness instruction and the other students did not. We expected that
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students who were made aware of their viewing behavior show higher learning
outcomes.

4.5 Research setup
In this section the research setup of our experiment will be presented.

In this experiment, 51 undergraduate students in three groups at the Hanze
University of Applied Sciences followed a nine week course about photography
(Table 4.3). During one week of this course they learned how to shoot portraits with
flash in a photo studio and how to use equipment for the digital darkroom and
photo studio like a flashlight and a light meter. We made five instructional videos
about the use of this equipment. Relevant conditions for the first and second group
were kept the same. Two conditions changed for the third group in order to test
the effect of awareness on their learning outcomes.

Table 4.3
The periods and the number of students that followed the course about photography

Group Period Nr. of students
1 February 2009 — April 2009 22

2 May 2009 — July 2009 9

3 November 2009 — January 2010 19

Total 50

The students had to follow the next three steps during this experiment:

1. Students were instructed about the learning task and the multiple-choice tests.

2. Students performed the learning task with five videos and five tests. An
interview after the learning task was held about the specifics of their viewing
behavior.

3. Students had to perform the short-term memory test of Huai (pictorial test and
numbers and strings test) and learning style test of Felder & Silverman.

The learning task in Step 2 for this experiment consisted of a 20-minute
introduction lesson with five instructional videos and five multiple-choice tests on
how to use photographic equipment (Table 4.4). Students were requested to
watch and pause parts of the video based upon their cognitive need in order to
optimize one’s retention effect.
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Egﬁ;ﬁjctional videos used, the topics covered and the number of multiple-choice questions
Instruction Topic covered Length Nr. of
video nr. (m:ss) questions
1 Short introduction flashlight equipment 0:53 3

2 Flashlight equipment 0:53 3

3 Flashlight meter 1:12 3

4 Linking the flash equipment with the digital reflex camera 1:35 3

5 RAW format and photo editing software 3:30 3

After witnessing each of the instructional videos the students had to do an
assignment with three multiple-choice questions with four options each. We
instructed them to pause or rewind the video at the specific moment when they
thought they could not answer all the questions of the multiple-choice test.
Research of Verhagen (1992) described the stopping strategy of students: 69% of
the students stop in order to avoid false answers to the test questions.

The short-term memory test of Huai was used to score the short-term memory of
students. The validity and reliability of this test is discussed in her thesis. Another
test, The Amsterdam Short-Term Memory (ASTM) test (Schagen et al., 1997) , is a
test of negative response bias or insufficient effort and therefore has not been
used. The short-term memory test of Huai consists of two parts. The first part is
called pictorial test and the second part numbers and strings test. Both tests have
about ten questions. They score recognition (multiple-choice questions) and recall
(open questions). From the STM-test of Huai we used only the total of the pictorial
test and the numbers and strings test.

The learning styles of students were scored using the online Inventory of Learning
Styles of Felder & Silverman. Validity and reliability of this test is discussed by
Felder & Spurlin (2005). Students filled in 44 questions online about all four
dimensions of the learning style. The results of this test were returned on the
screen and printed for further analysis. From the online learning style test of Felder
& Silverman, all 44 questions were scored but only the 11 questions on the
dimension understanding (sequential - global) were used. Each question is a
multiple choice question with two options: one on the sequential scale and one on
the global scale and one point per question. This gives a maximum score of 11 on
both scales. When a student scores 1 or 3 points, he is considered well balanced
on the two dimensions, 5 or 7 points a moderate preference for one dimension,
and 9 or 11 points a very strong preference for one dimension.

The learning task was recorded in a usability lab (Figure 4.1) with an eye tracker.
Eye tracking is normally used for testing for instance the usability of websites.
Analysis of eye movements is done in relation to a specific task. In recent studies,
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eye tracking is also used to study cognitive processes in multimedia learning
environments (Gog et al., 2009). In this experiment however, the eye tracker was
primarily used as part of the so-called retrospective think-aloud method (Guan et
al., 2006). In this method, students are interviewed directly after the learning task
using the video recording capability of the eye tracker. This recording includes a
screen capture, the eye movements, the mouse movements, the surroundings with
a web-cam and the sound. The student and the researcher together view the
recording immediately after the experiment. The student is therefore able to
recognize his learning process and answer questions in a more objective way. We
did record and used the eye movements in the interviews but ignored its data in
our further analysis.

Figure 4.1 The usability lab used in the experiment

In order to measure higher learning outcomes due to awareness of learning styles,
the multiple-choice test after video five was adapted. The number of questions of
this test was changed from ten to twelve to avoid that too many students scored
the maximum test score (clipping). The learning effects were calculated by asking
the students during the last interview which multiple-choice questions they could
have answered without watching the corresponding instructional video. Due to the
low number of questions, a regular pre-post test could not be used. Half of the
students were randomly assigned to get an awareness instruction about their
viewing behavior using the retrospective think-aloud method after the fourth video.

Log files were collected on the streaming media server. After the experiment these
logging data were collected into one file and imported in SPSS. Entries originating
from other computers (with other IP-address than the one from the usability lab)
were eliminated, the planning schedule of the experiment was used to determine
the user name of the student so we could label all entries in the log files for further
analysis (i.e. determination of the viewing styles from log files).
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Segmentation in five parts of the instructional video was done after a pretest of the
first test design. In this first design there was only one video with all five segments
and a length of 8:07 minutes with an assignment with 15 multiple-choice questions
at the end. Students from this pretest did stop mostly after the segment points and
indicated afterwards that this was due to changing of topics and camera angle and
not of possible pass at the test. This confirms the findings of Verhagen (1992): 56
% of the students in his research indicated that they stopped when an episode
came to an end.

Verhagen (1992) also defined the maximum number of questions as the amount of
information elements His research indicates segment length up to 22 information
elements is appropriate. The teacher of the photography course created a total of
30 possible multiple-choice questions. . This also supports segmentation of the
video in smaller segments with less information elements.

The instruction to the student was adapted and indicated explicitly that the test was
a multiple-choice test. Some students indicated that they changed their viewing
behavior of the videos after the first test where they discovered what the exact form
of the assignment was. They did not articulate the recall approach and thus
switched to recognition as soon as they discovered the test to be expected was a
multiple-choice test. Their viewing scenario changed from two-pass to one-pass in
this pretest. By adapting the instruction there was a correction for this
phenomenon.

4.6 Results
In this section the experimental outcomes will be presented.

During the interviews held afterwards we asked the students about the technical
and instructional quality of the instructional videos and they all assessed these as
good. Care was taken not to mention facts that could influence the recall effects.

The first research question is: Do viewing styles go together with pervasive
personality traits such as manifested learning styles and short-term memory?

Huai’s finding of the relation between students’ learning style and short-term
memory capacity was targeted (Table 4.5). The students’ short-term memory
capacity was measured with the short-term memory test of Huai. The learning
style was measured with the online Inventory of Learning Styles test of Felder &
Silverman. When a student scores 1 or 3 points, (s)he is considered to be well-
balanced on the two dimensions, 5 or 7 points a moderate preference for one
dimension, and 9 or 11 points a very strong preference for one dimension.

62




I (sing learning styles and viewing styles in streaming video

Eglgh‘;ﬁ—term memory (STM) capacity of students and their learning styles (sequential or global)

Short-term memory capacity ~ Preference sequential  Balanced on both Preference global Total
learning style (5-11) dimensions (1-3) learning style (5-11)

High STM (25.5-29.5) 0 3 1 4

Medium STM (16.0 — 25.0) 4 15 0 19

Low STM (11.5 -15.5) 1 6 1 8

Total 5 24 2 31

Students with a low short-term memory capacity are expected to have a more
global learning style and student with a high short-term memory capacity are
expected to have a more sequential learning style. Only one of the students falls in
one of these categories. Conclusion is that the link between short-term memory
and learning styles by Huai cannot be reproduced here.

A search was made for a correlation between short-term memory capacity and
viewing styles in video in two ways. Firstly, we selected those students who
stopped before the end of the video; watching until the end of a video implies that
the server stops streaming. The viewing style belonging to this viewing behavior is
maintenance rehearsal and we used instructional video 4, which contained the
most data with maintenance rehearsals and the corresponding stopping moments
in the instructional video. The Pearson correlation between short-term memory and
their stopping moment is -0,11. Conclusion is that the link is weak and negative.

Next was the search for students who manifested a linear viewing style. These
students did not interact with the video in order to optimize the retention. We
expect that those students have a high short-term memory. Instructional videos 3
and 5 were used. Instructional video 3 contained a complex instruction about the
use of a light bulb. Instructional video 5 was the longest in duration and contained
the most dense information elements. Not all students with a linear viewing style
displayed a high short-term memory capacity: about 40% still have a weaker short-
term memory.

The conclusion is that there is not a strong correlation relationship viewing styles
and pervasive personal traits like learning styles and short-term memory.

The second research question is: Do students show a preferred viewing style while
watching instructional videos?

The preferred viewing style of a student has been defined as the viewing style with
the highest recurrence. This was scored in four instructional videos. The first video
was not used in the analysis because most students use this video to familiarize
themselves with the research setup. This is an even number, so students may
demonstrate two preferred viewing styles, each with two occurrences, according to
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our definition (Table 4.6). The viewing behavior of the three viewing styles (linear,
elaboration and maintenance rehearsal) is described in Table 4.2.

Table 4.6
The nr. of students with preferred viewing styles, scored from four instructional videos

Preferred viewing style Nr. of students
Linear 12
Maintenance Rehearsal 5

Linear and Maintenance Rehearsal 4

Elaboration 5

Linear and Elaboration 5

Total 31

From 31 students, only 22 students had a preference for one viewing style. Nine
students still had a preference for two viewing styles. Following Huai (2000), we
will call these students versatiles.

The strength (number of occurrences in the four instructional videos) of the
preferred viewing style was also investigated. From 31 students, only 19 students
had a strong preference for one viewing style, the rest did not.

In order to see how well the students optimized their cognitive need, the mean test
score per viewing style was calculated. This mean test score is slightly higher for
those students who applied the elaboration viewing style.

To see if switching viewing style lowers the test results, the total test score of the
versatile students versus students was investigated with one preferred viewing
styles. Switches viewing style did not negatively influence the test score.

Viewing style switchers were also investigated from the perspective of switching
from a passive (linear) viewing style to a more active viewing style (elaboration and
maintenance rehearsal) and vice-versa (Table 4.7). Most students switched to an
active style while viewing instructional video 3 and 5.
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Table 4.7

Test scores before and after switching viewing style in instructional video 3 and 5

Viewing style Viewing style Test score Test score Nr. of
before switching after switching before switching  after switching  students
Linear Maintenance rehearsal 26 26 5

Linear Elaboration 24 28 5
Maintenance rehearsal Linear 25 24 11
Elaboration Linear 26 26 8

Optimizing the cognitive need of students can lead to a more active viewing style
and a slightly higher test score when switching from linear viewing style to
elaboration viewing style. Not all students show a preferred viewing style while
watching instructional videos. Some students switch their viewing style based upon
their cognitive need and this does not lower their test score.

The conclusion is that viewing styles do not correlate directly with the more
pervasive learning styles as mentioned before. Switching viewing styles however
does not impair the test scores.

The third research question is: Can awareness about students’ viewing style be
used to achieve higher student results?

Investigated was whether the difference in test results can be enlarged through
raising the awareness level of students about their viewing styles. The same
experiment was repeated as before with another group of students (N=19). Two
changes were made as described in the research setup. After instructional video 4
the student was interviewed and their viewing styles were determined. Half of the
students were given randomly an awareness instruction and a test with 12 multiple-
choice questions (Table 4.8) was integrated. The learning effects were calculated
by asking the students during the last interview which multiple-choice questions
they could have answered without watching the corresponding instructional video.

Table 4.8
Learning effect of students in instructional video nr. 5, with or without an awareness instruction

Nr. of students Test score Learning effect
Awareness instruction not applied 9 84.4 38.9
Awareness instruction applied 10 101.0 52.0

The test scores of students, who got an awareness instruction, are about 20%
higher. Conclusion is that the learning outcomes are higher when students get an
awareness instruction.
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A strong correlation between the viewing styles and pervasive personal traits like
the short-term of students was not perceived. Switching viewing styles however
does not lower the test scores. Students can score 20% higher on the test scores
through the use of an awareness instruction.

4.7 Discussion
In this section we will discuss the results from our experiments and pilots.

This experiment investigates backgrounds of the viewing behavior of students
while watching instructional videos. Preferences in their viewing behavior and
correlations of this behavior with pervasive personality style traits were therefore
researched. Investigated also was whether learning outcomes can be enlarged
through raising the awareness level of students about their viewing styles

Students from a pilot of the experimental setup stopped right after the segment
transition in most of the cases. They indicated afterwards that this was due to
changing of topics and camera point and not so much because of memorization for
the sake of test expectations. This confirms the findings of (Verhagen, 1992): 56 %
of the students in his research indicated that students mostly stopped when an
episode came to an end. Verhagen defined the maximum number of questions as
the amount of information elements. His research indicates that a segment length
of about 22 information elements is appropriate. The teacher of the photography
course created a total of 30 possible multiple-choice questions. This also supports
segmentation of the video in smaller segments with less information elements.

Some students in the same pilot indicated that they changed their viewing style of
the videos after the first test where they discovered what the exact form of the
assignment was. They did not study with emphasis on recall but changed to
recognition as soon as they discovered the test was a multiple-choice test. The
essence of the conclusion is that in case of video viewing students typically lack
the skills and the attitude to adapt the viewing behavior to the actual state of
cognitive need during the learning process. So far it was found that viewing
sequences do not reflect a trivial pattern. It raises the question how video players
should elicit the learner to express the actual learning need and cognitive
preference even sharper. Garcia (2008) found that students with a global learning
style could benefit from reading a summary of the course materials first.

The link between short-term memory and learning styles cannot be reproduced as
Huai did. There are also no strong correlations between (preferred) viewing styles
and personal traits like learning styles and short-term memory. Huai did use
another test (Pask’s Smugglers test) in order to score the dimension serial —
global. Possibly the conclusion of Graf, Lin, & Kinshuk (2008) is not correct which
was the basis of our change in test. However, the Smuggler test is more time
consuming to use than the real-time use of log files, so this would inhibit the use of
adaptive learning management systems in real-time.
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Not all students showed a preferred viewing style while watching instructional
videos. Some students even seem to switch their viewing style based upon their
cognitive need and this does not lower their test score. This flexibility of the student
in adapting his viewing behavior is in line with the missing correlation between
pervasive personality traits and learning styles found earlier in this experiment.

Interviewing students about their viewing behavior in other educational videos
showed some strategy-oriented reasons. One student said: / first watch the movie,
and then | try to guess which questions will be asked and then | rewatch those
specific fragments. This example also shows that students indeed can switch
flexible between viewing styles. The term viewing strategy is therefore proposed
instead of viewing style to account for the flexible changing of the viewing behavior
of students.

The test scores and learning effects of students, who got an awareness instruction,
are about 20% higher. This is in line with the recent survey (Peterson et al., 2009)
on learning styles. The student population however was so small so that we could
not use analysis of covariance to compensate for distributions in the knowledge
level.

Further research has to be done. Firstly, the number students in the population will
be increased to investigate whether students can indeed achieve higher learning
outcomes and to compensate for distributions in the knowledge level. Secondly, we
will investigate how students can be made aware of their viewing behavior in such
a way that it does not interfere with their learning process.
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Thesis structure:

Chapter:

Main conclusions:

Chapter 1 Introduction

Problem statement, research questions, and thesis
structure

Chapter 2 How to interpret viewing scenarios in log
files from streaming media servers

Research question:
Which viewing scenarios can be recognized in log files
from streaming media servers?

Four viewing scenarios were recognized:
one-pass, repetitive, two-pass, and a
zapping scenario.

Chapter 3 How to use log files from streaming media
servers to determine learning processes

Research question:

Can we use log files from streaming media servers to
determine learning processes from students, and is
there a link with the learning style model from Vermunt?

Students’ learning processes could be
monitored through the use of log files.
However, we found no clear link between
viewing scenarios of students and their
learning style.

Chapter 4 Using learning styles and viewing styles
in streaming video

Research question:

Do viewing styles go together with pervasive personality
traits such as manifested learning styles and short-term
memory and can viewing style awareness contribute
higher learning outcomes?

Viewing behavior with streaming video of
students is not strongly correlated to short-
term memory capacity and learning styles.
Students are flexible in changing their
viewing behavior. An awareness instruction
enhanced their learning outcomes.

Chapter 5 Viewing video for learning

Research question:

What is the difference in learning effects and retention
decays between students with and without an
awareness instruction on an alternative viewing
behavior and what is the effect of the students’ level in
prior knowledge on the learning effects?

Students who demonstrate a strategic or a
multiple viewing approach attain higher
learning effects than students with only one
viewing approach.

Students with low prior knowledge of the
topics are less able to enhance their
metacognitive skills. Some students develop
marking techniques with the mouse in the
media player to watch video more
strategically.

Chapter 6 Discussion

Findings, implications, reflection, and future work
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In the previous chapter we showed that viewing behavior with streaming video of
students is not strongly correlated with the more pervasive personal traits such as
short-term memory capacity and learning styles (style-oriented). However, students
proved to be flexible in changing their viewing behavior. So an awareness
instruction about their viewing behavior was given to 19 students in an experiment
and this enhanced their learning outcomes. This second part of the previous
experiment has been scaled-up in terms of more students in the fourth experiment,
which will be described in the following chapter. Furthermore, the possible role of
students’ prior knowledge on the topics was investigated in terms of revealed
learning effects.

This brought us to the fourth experiment. We focused on the following research
question: What is the difference in learning effects and retention decays between
students with and without an awareness instruction on an alternative viewing
behavior and what is the effect of the students’ level in prior knowledge on the
learning effects?

The following chapter also proposes a new model that addresses both style and
strategic elements in the manifest viewing behavior of the student. The model was
based on metacognition and recent notions about the use of learning styles in
education. The model was applied on a group of 115 students (including the 19
students from the previous experiment) in order to see whether learning effects
differ among students with narrow or broad repertoires of viewing behaviors.
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Abstract

Video is increasingly used in education. Therefore it becomes more important to
improve learning of students from video. In this article we propose a model based
on metacognition that distinguishes between different viewing repertoires of a
student. We investigated whether learning effects of a student are influenced
through an instruction about more viewing behaviors and if these learning effects
depend on their prior knowledge.

In a controlled environment, 115 students watched several instructional videos.
Every other student was made aware of other possible viewing behaviors
(intervention). A pre-post-retention test was carried out to calculate learning
effects.

Students with a broad viewing repertoire gain higher learning effects than students
with a narrow repertoire. Furthermore, students with strategic viewing approach
gain also higher learning effects. Students with a medium level of prior knowledge
attain higher learning effects.

Students with a low level of prior knowledge seem not to benefit. Their knowledge
gain disappears after a few weeks. Therefore instructions to students about their
viewing and also learning behavior should not be timed too soon: students can
apply this new behavior more easily when they have some basic knowledge of the
topics at hand.

In our future research, we want to repeat our experiments for more complex video
episodes in a classroom. Furthermore, we will define additional media player
buttons to diversify the study sequence of students.
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5.1 Introduction

Video is increasingly used as an instructional tool in education. Therefore it
becomes more important to improve the learning process of students studying from
video lessons. Students are mainly coached to enhance their learning skills from
text. Video is not a popular format for “serious learning” so far. Interacting with the
control buttons of a media player gives students only a few standard tools to
interact (start and stop) with video, hardly supporting the learning process of
students.

The role of interactive features while learning from video versus print has been
investigated by Merkt, Weigand, Heier, & Schwan (2011). They showed that the
effectiveness of interactive videos was at least comparable to that of print, probably
due to the possibilities provided for self-regulated learning.

The experiment in this article is part of a larger research project. The experiments
in this project investigate the possibilities to make learning management systems
more adaptive at run-time, based on the viewing behaviors of students. In the first
experiment of this project, four viewing scenarios were recognized based on
anonymous entries in log files from streaming media servers (De Boer & Tolboom,
2008). One of the scenarios was viewing by zapping where a student seems to
skim a video episode. According to earlier research (Blijleven, 2005), a broken link
between the learning task and the learning process could be the underlying factor.

In the second experiment (De Boer, 2010), learning processes and tasks and the
possible link with learning styles were investigated further. It demonstrated that
students’ learning processes (constituting a learning task) could be monitored
through the use of log files. However, there was no clear link between viewing
scenarios of students and their learning style. Vermunt’s distinction of learning
styles not only includes a cognitive perspective but also a self-regulating and
motivational perspective.

The third experiment (De Boer et al., 2011) focused on the cognitive perspective
and investigates whether the students’ viewing behavior is determined by
pervasive personality traits. This recent experiment shows that viewing behavior
with streaming video of students is not strongly correlated to the more pervasive
personal traits such as short-term memory capacity and learning styles (style-
oriented). Students proved to be flexible in changing their viewing behavior
(strategic-oriented).

In the current article we propose a new model that addresses both style and
strategic elements in their manifest viewing behavior and distinguishes between
narrow and broad viewing repertoires. This model is based on metacognition and
recent notions about the use of learning styles in education. We also applied the
model on a group of 115 students in order to see whether the learning effects differ
among students with a different viewing behavior.
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The remainder of this article is organized as follows. Section 2 reviews the relevant
literature on the use of multimedia and adaptive learning systems in learning.
Section 3 presents the theory and critique on learning styles and learning
strategies. Section 4 presents the new model, based on metacognition and
presents the underlying research questions as well. In Section 5 the research
setup is presented. Section 6 contains the results of our experiment. Finally, the
discussion is delivered in Section 7.

5.2 Learning from multimedia and adaptive learning systems

Multimedia offer several possibilities to facilitate knowledge construction according
to Clark & Mayer (2008). They discuss several proven guidelines such as the
modality- and contiguity principle. The modality principle states that text on screen
should also be presented as narrative text. Verhoeven, Schnotz, & Paas (2009)
argued that comprehension through multimedia involves the parallel processing of
auditory- and pictorial elements in working memory. This process of knowledge
construction may depend on its imposed cognitive load. Firstly, cognitive load is
determined by (a lack of) prior knowledge and motivation. Secondly, it is also
determined by the load imposed by processing cognitive strategies and task
demands.

Merkt et al. (2011) investigated the role of interactive features when learning with
video compared to learning with print. They found that - in contrast to prior studies -
the effectiveness of interactive video was at least as good as that of print, probably
due to its possibilities for self-regulated information processing. Zahn, Barquero, &
Schwan (2004) studied two apparently conflicting classes of design principles for
instructional (hyper) videos. Their results indicate that both the browsing and
knowledge acquisition were not influenced significantly by the design parameters
of the video. However, individual characteristics of navigation behavior were
significantly and positively correlated with knowledge acquisition.

The experiments in the research project investigate the possibilities to make
learning management systems more adaptive at run-time, based on the viewing
behaviors of students. As a basis for constructing more adaptive learning systems,
learning styles and learning strategies are often proposed. Tseng, Chu, Hwang, &
Tsai (2008) have proposed an innovative adaptive learning approach based upon
two main sources of personalization, that is: learning behavior and personal
learning style. Abell (2006) described a model based upon learning styles and
emerging digital media in order to individualize learning with the help of intelligent
agents.

Schiaffino, Garcia, & Amandi (2008) identify two main research directions for
constructing more adaptive learning systems: adaptive educational systems and
intelligent tutor systems. The latter ones are characterized by its continuous efforts
to optimize both the system responsiveness and the learners’ meta-cognitive
awareness. Instead of the opportunism to adapt the medium to the latent learner
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traits, it provokes the learner to become more active and cope with his/her
unbalanced mental trend or even mental repertoire. Adaptive educational systems
accommodate the variety in the presentation of content and navigation through the
student’s profile. Intelligent tutor systems recommend educational activities and
deliver individual feedback according to the student’s profile. Schiaffino, Garcia, &
Amandi proposed an agent (eTeacher) that can be considered as an intelligent
tutor who unobtrusively observes the student’s behavior and builds the profile.

Garcia, Schiaffino, & Amandi (2008) explored a Bayesian network representation in
order to detect a student’s learning style as a basis for more adaptive learning
systems. During the course, this network is filled with information. Ozpolat & Akar
(2009) proposed an automated model in order to detect the learning style of a
student. Both examples make use of the Felder & Silverman model to classify
learning styles (Felder & Silverman, 1988).

5.3 Learning styles and ongoing critique

Our experiments investigate the possibilities to make learning management
systems more adaptive at run-time, based on students’ viewing sequences.
Designing adaptive learning environments on the basis of learning styles rests
upon the idea that students’ learning styles are stable along time and across
learning tasks. Huai (2000) tested this hypothesis and found evidences both in
literature and experimental outcomes.

The use of learning styles has also been questioned: they are a simplification of
the many dimensions and can hardly explain the essence of individual learning
characteristics. Willingham (2009) ignored the existence of learning styles:
differences across learners are important however. In fact many of them exceed
the impact factor of personality traits and sequential preferences according to
Willingham (2009):

e the student’s motivation to learn the subject in question

e the student’s prior knowledge of the subject (novices need more structure and
support)

e the extent to which the student has learned how to learn (independent learners
will be much less demanding)

The British agency Becta (2005) researched the literature on learning styles and
reviewed some definitions and elements of learning style: information processing,
instructional preferences, and learning strategies. Although they found it difficult to
evaluate such a diverse and complex area of theory, the following ingredients
seemed to be consistent after all:

¢ Despite the many opinions on learning styles there are few generally agreed
facts. Some theories are more influential than others, but no model of learning
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style is universally-accepted, as in this complex area reliable studies are
lacking.

e Any theory or model of learning styles is necessarily a reduction of the
complexity of how students learn.

e |earning styles are at best one of a range of factors determining how learners
react to learning opportunities: the environment, culture (both of the learner
and his/her institution). Teaching methods and curriculum requirements are all
part of a complex pattern of interactions.

e There is an inherent danger in learning styles in labeling students as belonging
to particular kinds of learners: Given the lack of robust evidence in the field,
labeling strategies seems safer than labeling learners.

e Student’s awareness of learning styles theories may help to develop
metacognition and the ability to learn how to learn.

The British agency Becta (2005) concluded that the fundamental difference
between those who believe in fixed learning styles and those who believe in
flexible learning strategies lies in the following approach: instead of adapting
teaching and content to the learner, the learner needs to choose the approach that
is most appropriate for the requirements of the task at hand.

They also concluded that encouraging metacognition (being aware of one’s own
thought and learning processes) is perhaps the most important advantage that can
be claimed for applying learning styles theory to learning and teaching.

A recent survey (Peterson et al., 2009) on learning styles shows a considerable
consistency among the researchers on the potential impact of learning style in
educational settings. One of them is the use of awareness about learning styles by
students and teachers.

Our initial experiment (De Boer & Tolboom, 2008) did not show any relationship
between manifest sequential preferences and its underlying personality traits. Our
second experiment (De Boer, 2010), demonstrated that students’ learning
processes (constituting a learning task) could be monitored through the use of log
files. However, there was no clear link between viewing scenarios of students and
their learning style. The link between short-term memory and learning styles
according to Huai could not be reproduced (De Boer et al., 2011) . There were no
significant correlations between (preferred) viewing styles and personal traits such
as learning styles and short-term memory capacity. Some students switched their
viewing style due to their cognitive need. However, it did not lower their test score.

This student’s flexibility in adapting his viewing behavior is in line with the missing
correlation between pervasive personality traits and learning styles as we found
earlier. The term viewing strategy was proposed by De Boer et al. (2011) instead of
viewing style, in order to account for the flexible, conscious, and strategic changing
of the viewing behavior of students.
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Examples of different styles of behavior can also be found in management.
Tannenbaum and Schmidt (1973) distinguished several types of leadership
behavior. These behaviors range from boss-centered leadership along to
subordinate-centered leadership. It reflects how managers treat their workers.
Tannenbaum and Schmidt (1973) also argued that the style of leadership is
dependent on existing circumstances. Managers should find their management
style that suits best their personality as well as the business needs and the
circumstances at hand. The best advice according to (Cox, 2010) is to combine
elements of all styles, or at least a few of the styles, depending on the
circumstances. This leads to a management strategy instead of a (fixed)
management style.

5.4 Awareness and metacognition

Awareness and metacognition are examples of the ability of students to monitor
and control their learning behavior. Efklides (2006) decomposed metacognition into
three components:

e Metacognitive knowledge (monitoring learning behavior) is what individuals
know about themselves and others as cognitive processors.

e Metacognitive experiences (monitoring learning behavior) are those
experiences that have something to do with the current, on-going cognitive
endeavor.

e Metacognitive regulation (controlling learning behavior) is the regulation of
cognition and learning experiences through a set of activities that help people
control their learning endeavor.

Metacognition refers to a level of thinking that involves active control over the
process of thinking that is used in learning situations (Efklides, 2006). Examples of
metacognitive skills are: planning the way on how to approach a learning task,
monitoring understanding, and evaluating the progress at the end of a learning
task. Students who are able to use a wide range of metacognitive skills score
higher on exams and complete learning tasks more efficiently (Efklides, 2006).

De Boer (2011) introduced the term ‘viewing strategy’ when a student shows signs
of strategic viewing behavior. We can apply this to an example of such a typical
student: / first watch the movie, and then I try to guess which questions will be
asked and then | watch those specific fragments again. This viewing behavior is
strategic in the sense that the student consciously plans at the beginning of a
viewing session to list the fragments to be watched again at the end of the video.
He also monitors his learning behavior (metacognition). We add this strategic
viewing behavior (Table 5.1) to our four earlier defined viewing styles: Zapping,
Linear, Maintenance Rehearsal, and Elaboration (De Boer et al., 2011).
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Students can exhibit more kinds of strategic viewing behavior but this was the
predominant one in our experimental setting with relatively short videos. In the
interviews held afterwards, students mentioned often a strategy to learn a software
program with the help of a long video tutorial: they stopped the video after some
time to exercise the content in the video and continue afterwards.

Table 5.1
Viewing styles and viewing behavior.

Viewing style Viewing behavior

Linear a student watches a video in one pass (uninterruptedly) from the
beginning to the end

Elaboration a student watches a video again after finishing the first time in one-
pass

Maintenance Rehearsal a student watches parts of a video repeatedly

Zapping a student skims the instructional video at intervals of relatively short

viewing times

Strategic a student e.g. watches a video in one pass (uninterruptedly) from the
beginning to the end, and then watches one or more specific segments
again

Kozhevnikov (2007) explored trends in cognitive style research that have emerged
to examine superordinate cognitive styles (meta styles). It defines the extent to
which individuals exhibit flexibility and self-monitoring in their choice of styles.

More recently, Moskvina and Kozhevnikov (2010) gave an overview of the
historical perspectives and directions for future research. They redefined the
concept of cognitive style as ontogenetically flexible individual differences
representing an individual’s adaptation of innate predisposition to external physical
and socio-cultural environments.

We propose to classify the (combined) use of our viewing behaviors, based on the
previous metacognition model and the conclusions about learning behavior in the
earlier sections of the next model.

e astudent can exhibit only one specific viewing behavior (e.g. either linear or
elaboration) and not a strategic viewing behavior (one-trick viewers)

e astudent can exhibit several viewing behaviors (e.g. linear and elaboration)
but not a strategic viewing behavior (multi-trick viewers)

e astudent can exhibit specific viewing behaviors (e.g. linear and maintenance
rehearsal) as part of a strategic viewing behavior (strategic viewers)
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The one-trick viewers have a narrow viewing repertoire and the multi-trick and
strategic viewers have a more broad viewing repertoire.

Cook (1991) examined learners’ learning style awareness among a group of 78
college students in order to determine to what extent learning style awareness can
be regarded in isolation of teaching styles and whether these students would
benefit from this awareness in terms of academic achievement. Cook found a
significant difference in academic achievement in favor of the learning style
awareness group.

The concept of learning style awareness has been adopted in our earlier
experiment (De Boer et al., 2011) in order to enhance learning effects. We checked
whether learners’ awareness of their actual viewing style potentially contributed to
learning effects. No strong correlation between the viewing styles and pervasive
personal traits of students was perceived. Some students switched their viewing
style based upon their cognitive need, without lowering their test score. The
flexibility of the student to adapt his viewing behavior might have led to the missing
correlation between pervasive personality traits and viewing styles. Students
scored 20% higher on the test scores after using an awareness instruction.

The number of students in the population has been increased in the experiment of
this article to investigate whether students can indeed achieve higher learning
effects using an awareness instruction. Furthermore, we investigated the effect of
the prior knowledge level on these outcomes as De Boer et. al. (2011) suggested.
Based on the research of Salomon (1984) we expected that students with a high
level of prior knowledge would reach a higher score of learning effects. Finally, we
checked whether students with a strategic or multi-trick viewing behavior have
higher learning effects than students with a one-trick viewing behavior.

Students watched several instructional videos in a controlled environment (usability
lab). During an interview after the fourth and before the last and fifth instruction
video, every student was confronted with a video recording of their actually-
performed viewing behavior during the first four instruction videos. During this
interview, every other student (intervention - versus the control group) was also
made aware of the possible use of alternative viewing behaviors during the last
instruction video to enhance learning effects. A pre-post-retention test was taken
after the last video to calculate learning effects.

During the analysis three types of students emerged:

1 The first type of student (good student) is defined as: (s)he achieves a very
high score on our multiple-choice tests and uses a one-trick viewing behavior.
Because their score is already high, there is no need to change their one-trick
viewing behavior to more elaborate viewing behavior like multi-trick or strategic
viewing behavior.
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2 The second type of student (bad student) is defined as: (s)he achieves a very
low score on our multiple-choice tests and is using multi-trick and/or strategic
viewing behavior. Their score is already low while using more elaborate
viewing behavior.

3 The rest of the students (students with room for improvement) belong to the
third type.

The use of alternative viewing behaviors will be most effective in terms of test
scores on students of the third type. This classification was done because some
very good students (cognitive and metacognitive) appeared in the non-intervention
group. This could occur because every other student was chosen for the
awareness instruction. The classification was based on the viewing behavior of the
first four videos to eliminate the effect of the intervention and the test score of the
fifth multiple-choice test. The fifth test had the highest number (twelve) of multiple-
choice questions, whereas the other multiple-choice tests only had four each. We
applied this classification to both groups (intervention and non-intervention) to
avoid skewing of the results.

In general, the group students of type one and two should not be withheld from
video as a tool for learning. Possibly, the reasons for low test scores are other
types of causes such as motivation. Therefore, we suggest also other types of
measures such as coaching in order to compensate for these deficiencies.

The research questions for the underlying experiment are:

1 — What is the difference in learning effects between students with and without an
awareness instruction on an alternative viewing behavior?

The number of students in the population has been increased in the experiment of
this article in order to investigate in more depth whether students can achieve
higher learning effects indeed. An awareness instruction on an alternative viewing
behavior has been given to every other student. It is expected that students, who
get this awareness instruction attain higher learning effects.

2 - What is the effect of the students’ level in prior knowledge on the learning
effects?

We want to investigate the possible influence of prior knowledge on the learning
effects of a student. The pretest score is a proxy for this prior knowledge level.

3 — What is the difference in retention decay between students with and without an
awareness instruction on an alternative viewing behavior?

Between three and four weeks after the posttest, a retention test was held in order
to see how far the post test effect became extinct and whether the intervention
(awareness) factor had any influence on this.

4 — Do multi-trick and strategic viewers achieve higher learning effects than one-
trick viewers?
The viewing behaviors of students were scored with the metacognitive model
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described earlier and the learning effects of students with a multi-trick and strategic
viewing behavior were investigated and compared with one-trick viewers.

5.5 Research Setup

In this experiment, 115 undergraduate students at the Hanze University of Applied
Sciences followed a nine week course about photography (Table 5.2) in four
periods: three periods of the academic year 2010-2011 and one in the academic
year 2009-2010.

Table 5.2
The four periods and the number of students that followed the course about photography.

Quarter Period Nr. of students
3 March 2010 — April 2010 19

1 September 2010 - November 2010 38

2 December 2010 - February 2011 28

3 March 2011 — April 2011 30

Total 115

During one week of this course they learned about portrait photography in a photo
studio and how to use equipment for the digital darkroom and photo studio such as
a flashlight and a light meter. We made five instructional videos about the use of
this equipment (Table 5.3).

Table 5.3
The instructional videos used, the topics covered and the number of multiple-choice questions.

Instruction Topic covered Length Nr. of questions
video nr. (m:ss)

1 Short introduction to flashlight equipment 0:53 4

2 Flashlight equipment 0:53 4

3 Flashlight meter 1:12 4

4 Linking the flash equipment with the digital reflex camera 1:35 4

5 RAW format and photo editing soft