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Résumeé

Dans cette thése, nous nous adressons au probléme de I’étude socio-cognitive d’interactions
humaines, plus particuliérement dans le domaine de I’apprentissage collaboratif médiatisé par
ordinateur. L’étude de telles situations passe par ’analyse de traces (fichiers de log, audio-

vidéo, etc.) du processus d’activité et présente de nombreuses difficultés :

- Grande quantité¢ de données multimodales complexes issues de sources différentes.

- Données fortement dépendantes du contexte dans lequel elles ont été produites.

- Variété des approches méthodologiques et épistémologiques d’analyse possibles.

- Difficulté de partage et réutilisation de données et d’analyses effectuées a partir de ces

données.

Notre travail a porté sur une réduction de ces difficultés et nous présentons dans cette thése
nos trois résultats principaux. D’une part, nous proposons une description du processus
d’analyse de ce genre données ainsi qu’un artefact générique permettant de recouvrir un grand
nombre d’artefacts analytiques que nous avons pu observer et que nous nommons rejouable.
D’autre part, nous présentons une étude et modélisation informatique des rejouables, et
décrivons les quatre opérations fondamentales qui peuvent s’y appliquer : synchronisation,
visualisation, transformation et enrichissement. Enfin, nous décrivons I’implémentation de
cette modélisation dans un environnement d’aide a I’analyse par manipulation de rejouables

que nous évaluons dans des situations de recherche réelles.

Tatiana (Trace Analysis Tool for Interaction Analysts — http://code.google.com/p/tatiana),
I’environnement logiciel résultant, est basé sur ces quatre opérations fondamentales tout en
intégrant de nombreuses possibilités d’extension de ces opérations pour s’adapter a de
nouvelles formes d’analyse sans sortir du cadre de 1’analyse au travers de rejouables. Cet outil
est utilisé par plus de 10 équipes de chercheurs (France, Royaume Uni, Pays-Bas, Danemark,

Hong Kong) sur des thématiques et objets d’étude variés.

Cette thématique de recherche s’introduit dans une problématique plus large de passage a
I’échelle sur I’analyse de données d’interaction, de partage de corpus de données et d’analyses
collaboratives et incrémentales sur ces corpus. L’objet que nous avons défini et implémenté
permet a de nombreuses disciplines informatiques (recherche d’information, fouille de
données, ingénierie des connaissances, interaction homme-machine, intelligence artificielle)
de trouver un nouveau champ d’application dans 1’analyse de traces, tout en tenant compte de

la particularité de ces objets d’¢étude et des artefacts qui en sont issus.
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Abstract

In this dissertation, we address the problem of the socio-cognitive study of human interaction,
more particularly in the field of computer-supported collaborative learning (CSCL). The study
of such situations can be performed through the analysis of traces (log files, audio, video, etc.)

of the activity process, yet presents numerous difficulties:

- Large quantity of complex multimodal data from a variety of sources.
- Data which is strongly dependent on the context in which it has been produced.
- Variety of possible methodological and epistemological approaches to analysis.

- Difficulty in sharing and re-using data and analyses performed on this data.

Our work has been on the reduction of these difficulties and, in this dissertation, we present
our three main results. On one hand, we propose a description of the process of analysis of
such data, as well as a generic artefact which covers a large number of the analytic artefacts
we have observed and which we call a replayable. On the other hand, we present a study and
a modelling of replayables, and describe the four fundamental operations which can be
applied to them: synchronisation, visualisation, transformation and enrichment. Finally, we
describe the implementation of this model in an environment that assists analysis through the

manipulation of replayables, which we evaluate in real-life research situations.

Tatiana (Trace Analysis Tool for Interaction Analysts — http://code.google.com/p/tatiana), the
resulting software environment, is based on these four fundamental operations and integrates
numerous possibilities for extending these operations to adapt to new kinds of analysis while
staying within the analytic framework afforded by replayables. This tool is used by over 10
research teams (France, United Kingdom, the Netherlands, Denmark, Hong-Kong) to study a

variety of phenomena.

This research theme addresses the wider issues of scaling up the analysis of interaction data
and sharing corpora and analyses of these corpora to allow validation, replication and
collaboration among analysts. The object we have defined opens up the applicative domain of
trace analysis to many computer science disciplines (information retrieval, data mining,
knowledge engineering, HCI, artificial intelligence), while simultaneously taking into account

the particularity of these kinds of analyses and the artefacts which are used to perform them.
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Introduction

Introduction

The problem

Not so long ago, if you wanted a copy of a text, you would have had to write the copy
yourself, or hire someone to do it for you. Now, texts can be photocopied or scanned and
printed. Even with such technology, modifying a text is a question of using correction fluid
and hoping that there is sufficient room to perform the modification without too much
disruption. In certain cases, however, we have access to word processors or spreadsheets,
which not only allow the modification of documents but are also able to propagate the impact
of these changes: extra text can mean new page numbering, a different value in a spreadsheet

can cause the sum of a column to be updated.

This is a story of designing computer support to create and edit the artefacts which we
produce as a by-product or a goal of our work. Modelling such artefacts in digital form
requires an understanding of the intrinsic structure, not only of individual documents, but of
the class to which they belong (e.g. a textual document or a spreadsheet). It also requires
understanding the operations which can be performed on them and how the result of these
operations can be integrated. For various kinds of artefacts (newspapers, pictures, diagrams,
books, league tables, musical notation, databases, 3d models, etc.), this story is at different
stages of advancement. For some, such as books and newspapers, we have created powerful
authoring and editing tools. In many cases, however, the end artefact is produced in a format
which is not designed to be edited (pdf documents, newspapers and books are typical
examples of this). For others, such as 3d models and musical notation, we are still struggling

to provide good computer support for creating and editing artefacts in an integrated way.

For researchers in various fields who are trying to find ways of managing, analysing and
interpreting their data, this story is a familiar one, with computers proving to be a blessing
when they work and a curse when they don’t. In this dissertation, we focus on researchers
who are analysing human interaction, particularly in computer-mediated situations. The data
to be analysed is often in the form of video and computer log files. Such recordings are
reasonably well understood and the computer artefacts which represent them are now in

widespread use. The only shadow is that of formats and compatibility, which is increasingly
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not a problem for video (due to widespread use of video for many reasons and a vested
interest for all parties in arriving at compatible solutions) and, while still a major headache for
non-technical users (which of course is the majority of researchers), is only a minor problem

for log files.

The artefacts which are created during analysis of such data are another matter. Aside from
statistical data (for which spreadsheets and specialised statistical analysis packages provide a
solution), such artefacts are not well understood and, more importantly, are frequently objects
which can be authored, but which are very difficult to edit or use in an integrated way. Many
such artefacts are produced as images or diagrams which explain the interaction. However,
including additional data on a diagram, or propagating changes on a diagram back to the
original data for further use are frequently as time-consuming as creating the original diagram
(much in the same way as modifications of a pdf document are not carried back to the source).
More generally, the situation is that described in Figure A: although data can be analysed by
many tools (with some technical coaxing), the process is forward-only and the results of the
analyses cannot be further analysed and are thus difficult to capitalise upon. In this
dissertation, we examine the nature of analysis of computer-mediated situations, provide a
model for some of the artefacts produced during analysis, showing how such artefacts can be

used in an integrated way, and describe the software Tatiana, which implements this model.

observed activity recorded data analysis tools results
and processes

j IIQ/' L . “,.
video f\ ; "
log file -._______.-O\i .

......

i

C

R R

Figure A Recordings of an activity can be analysed by several different tools. The results
of such analyses are difficult to feed back into subsequent analyses.
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Research context

The work presented in this dissertation stems from a long-standing collaboration between the
RIM laboratory (netwoRks, Informatics and Multimedia) at the Ecole des Mines de Saint-
Etienne and the ICAR laboratory (Interactions, Corpora, leArning and Representations) in
Lyon. This collaboration has been most notable in the European Commission funded projects
SCALE' and LEAD? In the first, RIM participated by providing a software platform to
support collaborative argumentative learning. Data was collected from student’s usage of this
platform and analysed by ICAR (among others). Various analysis assistance tools were made
during this project. The second project, LEAD, addressed networked communication in the
classroom (i.e. mixture of face-to-face and computer-mediated communication) and included
the development of communication software and an analysis tool specially designed for such
data (the design and implementation of this tool formed the bulk of the work presented in this
dissertation). At a local level, the Personalisation of EIAH (IT environments for human
learning) project’, has led to the discussion of the issue of traces (log files, or recordings) of
human interaction: how they can be modelled and what purposes they can serve. Another
local project, ASPIC*, addresses collaborative design in engineering situations and has also

been a source of experience for the analysis of collaborative interactions.

ICAR’s experience in the analysis of CSCL data (computer supported collaborative learning —
of which SCALE and LEAD provided examples) and collaborative interactions in general,
combined with several projects within which research data and analysis practices have been
shared have produced an ideal environment within which to address the problem of modelling
and capitalising on analyses of traces of activity in collaborative interactions, with a more

specific focus on CSCL data.

" Internet-based intelligent tool Support Collaborative Argumentation-based LEarning in secondary schools,
IST-1999-10664, funded under the IST call of the 5th Framework Programme of the European Commission.

? Technology-enhanced learning and problem-solving discussions: Networked learning environments in the
classroom, IST-2005-028027, funded under the IST call of the 6th Framework Programme of the European
Commission.

* Funded by the Rhone-Alpes Region within the ISLE cluster.
* Funded by the Rhone-Alpes Region within the GOSPI cluster.
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Dissertation outline

In Chapter 1, we give an overview of the field of CSCL and of the uses of traces for analysis
and other purposes. We then present the state of the art in analysis tools and models and
identify three shortcomings in the state of the art: the lack of knowledge about analysis,
particularly concerning CSCL and how it differs from other kinds of analyses, models which
do not clearly show what kinds of analysis problems they can address and tools which provide
a set of functionalities without more clearly showing how they are integrated and how they
constrain analysis to a limited set of practices. We position our work within the field of trace
engineering and introduce the three main results of this dissertation, examining how they are

related and how they will be evaluated.

In Chapter 2 we extend our exploration of the state of the art to the more general aspect of
analysis, particularly in the field of CSCL. We use this to identify the specificities of CSCL
analysis and to define the kind of analysis problems we are setting out to address: analyses of
human interaction. More particularly, we organise the state of the art in analysis tools to
examine the various kinds of objects created during analysis. One particular class of artefact,
which we call a replayable, is the focus of our attention. We define this object through the
operations which can be performed on it: synchronisation, visualisation, transformation and

enrichment.

In Chapter 3, after a brief overview of the kinds of models and their aims, we propose a model
for replayables which enables the operations defined on them. We discuss this model with
regard to the state of the art and further examine the properties of replayables with regard to

visualisation and transformation.

In Chapter 4, we present the analysis tool Tatiana (Trace Analysis Tool for Interaction
Analysts), an implementation of the replayable model which provides analysts with an
integrated analysis environment for the manipulation of replayables. We show how Tatiana
has been designed with extensibility in mind, making it not only a platform for analysis but
also an environment within which programmers can include new kinds of visualisation,

enrichment and transformation and benefit from the existing operations on replayables.

In Chapter 5, we first present various case studies which have used Tatiana. We use these case
studies to evaluate the results presented in the preceding chapters and discuss the limitations

of our work. Finally, we examine the implications for future research in analysis of CSCL and
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human interaction data in general, in trace engineering and in the use of computer science

methods to automate the analysis of human interaction data.






Chapter 1 — Research Issues

1 Research Issues

1.1 Introduction

In order to define the research issues which need to be addressed in the development of a
model for the analysis of CSCL data and for capitalisation on these analyses, we must first

give an overview of the field and the work which is related to the problem at hand.

In this chapter, we will first examine the field of CSCL and some of the challenges faced
during analysis. We will then give an overview of the usage of #races (a word to which we
will later give a more precise definition but which can be roughly equated to recordings of
human interactions) and present the state of the art in terms of methods for the analysis of
these traces. Through discussion of the state of the art, we will show where there is a need for

further research to be done resulting in a presentation of the three goals of this dissertation.

1.2 An overview of CSCL

The field of CSCL (or Computer Supported Collaborative Learning) concerns the study a) of
learning in situations which are b) collaborative (or cooperative) and c) computer mediated.
Koschmann (2002) defines this more precisely as “a field centrally concerned with meaning
and practices of meaning-making in the context of joint activity and ways in which these
practices are mediated through designed artefacts.” (p.18) In this definition, the three core

99 ¢¢

terms of “learning”, “collaboration” and “computer support” can be elaborated upon.

Collaboration and cooperation have been distinguished (Dillenbourg, 1999) as being
respectively an activity which is made with an effort to maintain a joint conception of a
problem and an activity wherein roles are distributed and tasks are executed in parallel in a
co-ordinated way. For example, moving a piano without damaging it must be done in
collaboration by several people whereas moving a stack of boxes can be done in cooperation

with each box moved by a single person.

Collaborative learning can be explained according to several epistemologies as summarized
by Suthers (2006). Most accounts of learning during joint activity take a constructive stance.

Constructivism (Piaget, 1976) suggests that learners learn through their own efforts at making
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sense of the world. In CSCL, the emphasis is placed on intersubjective learning: that
individual learning can occur through a group’s efforts to create new meaning. This individual
learning can be explained variously through a knowledge-communication epistemology
(Wenger, 1987), through the claim that knowledge is jointly created by a group or, more
extremely through a knowledge building epistemology, which extends the idea of intentional
learning (Scardamalia & Bereiter, 1991) to group contexts: that groups of learners examine
the limits of their knowledge and make a deliberate effort to extend this limit. Suthers
suggests that CSCL should be centrally concerned with intersubjective meaning-making.

“To study the accomplishment (a post hoc judgment) of intersubjective learning we must necessarily

study the practices (the activity itself) of intersubjective meaning-making: how people in groups make

sense of situations and of each other.” (Suthers, 2006, p. 321)
In this context, computer-mediation can take various roles (De Vries, Lund, & Baker, 2002).
It can serve as a collective memory of what has been constructed, allowing participants to
review what has already been done, through the persistence of the medium. It can serve as a
means of focusing the point of discourse and action, in order to better the joint conception of
the problem necessary for collaboration or, in the case of learning situations which have been
designed by a teacher, in order to constrain or guide the group activity. It can serve as a
representational medium, within which participants can construct a shared artefact such as a
text, an argumentative graph or a UML diagram. Finally, it can serve simply as a medium for
communication. Suthers claims that

“the technology side of the CSCL agenda should focus on the design and study of fundamentally social

technologies that are informed by the affordances and limitations of those technologies for mediating

intersubjective meaning making.” (Suthers 2006, p. 326)
According to their epistemology of learning and their research questions, researchers may be
led to design and evaluate pedagogical scenarios which can define a collaboration protocol
(e.g. Jermann & Dillenbourg, 2003) or simply plan the work a group should do. Suthers
(2006) argues that while the use of computer-mediation can help carry out such pedagogical
scenarios, such activities could also be carried out with pen and paper and are not therefore
central to CSCL. On the other hand, while the use of technology enables distant collaboration
and/or learning, this is not a key characteristic of CSCL as all four roles of computer
mediation can be valid in face-to-face uses of technology (although the need for computer-

mediated communication when verbal communication is available is not immediately
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apparent, but has been shown to be useful, for example, when anonymous discussion can be

of benefit (Gelmini Hornsby et al., 2008)).

Related fields to CSCL include CSCW (or computer supported collaborative work) and TEL
(or technology enhanced learning). In CSCW, the context is a joint activity which is not
concerned with learning, but with achieving a task. Some situations can be viewed as
containing aspects of both these fields, for example when a teacher sets a task which must be
carried out collaboratively, analysis could focus on how the joint activity is carried out or on
how this activity is relevant to learning. In TEL, learning does not necessarily happen during
a joint activity but is computer-mediated in some way. This can include many other
epistemologies of learning, such as those which are more teacher centric (e.g. the teacher
transfers knowledge to the students), and includes several roles for the computer, such as a

communication device, a guide or a simulator.

1.2.1 Research questions in CSCL

Some examples of research questions in CSCL include identifying the link between a usage
pattern, a tool or a pedagogical scenario on the one hand and a learning outcome or the quality
of a learner’s productions on the other (e.g. Lund, Molinari, S¢journé, & Baker, 2007),
bringing about a given pattern whose outcome may be positive (e.g. Ronteltap, Goodyear, &
Bartoluzzi, 2004), or studying how learners appropriate technological affordances (e.g.

Overdijk & van Diggelen, 2008).

The methodologies to examine these questions are summarized by Suthers (2006) into three
traditions: iterative design, experimental and descriptive. Iterative design tends to explore the
“space” of technological affordances for learning, gradually improving technological artefacts
by identifying what seems to be more or less favourable. Experimental studies compare the
outcome of a group in a given condition with that of a group in a control condition, using
methods such as content analysis (Strijbos, Martens, Prins, & Jochems, 2006) where codes are
attributed to various events and statistical analysis is performed on those codes. One of the
difficulties in this case is achieving sufficient intra- and inter-group homogeneity to achieve
results with sufficient statistical significance. Another major difficulty is sufficiently isolating
the variables of study so that the control condition differs from the experimental condition
only in a few well understood ways. Finally, the necessity of controlling the conditions means
that they are necessarily contrived situations whose results might not be applicable to more

“ecological” situations. Descriptive studies rather attempt to describe what happened in
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“natural situations”, letting the interpretation emerge from the data, using methods born from
ethnomethodology such as conversational analysis (Sacks, Schegloff, & Jefferson, 1974).
These studies tend to be time-consuming and do not easily lend to predictive generalisations.
Strijbos & Fischer (2007) describe how the limits of these various methods lead them to be
combined either by triangulation of several results (mixed methods) or by developing new
methodologies which are particularly adapted to a particular goal (hybrid methods). They
explain that in order to do so successfully, a deep understanding of the constituting
methodologies is necessary and that the standards to which the analysis has been held must be
clearly spelled out in order that other researchers be able to understand and evaluate the

results.

Whatever the methodology used, researchers are led to collect some kind of data and
construct an analysis of that data. This data can include recordings of the activity which is
being studied, pre- and post- tests and other information such as interviews, surveys, etc.
Learning can then either be evaluated through tests or, as advised by Suthers (2006) and
Koschmann (2002) by examining the activity itself and showing that it is composed of events

which — according to a certain epistemology of collaborative learning — lead to learning.

In this dissertation, we are primarily concerned with the kinds of methodologies whereby the
activity itself is examined — and which therefore have led to the recording of data about this
activity. This focus stems from the kind of research which is carried out at ICAR and more

generally within the LEAD project.

1.2.2 Difficulties in the analysis of CSCL data

In order to record a CSCL activity, it is first necessary to record the computer-mediated
interactions (leading to log files or what some authors call a digital trace). However, this is
often not enough, video being necessary to capture the relevant offline context (Avouris, et
al., 2007). Harrer et al. (2007) draw on the collective experience of the researchers in the
Cavicola project to define the analysis process as being composed of a sequence of operations
including capture, segmentation, annotation and coding, analysis, visualisation and
interpretation. These operations are difficult for a number or reasons, particularly when they

are not assisted by technology.

First, the recorded data is often hard to understand from a syntactic and semantic standpoint.

Recordings in the form of log files are typically opaque to a non-technological reader, being

10
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written in a shorthand which is designed to be understood by computers rather than humans.
Once the actual format is understood, the reader then has to reconstruct the activity which
may have led to such a recording. In the best case, the events which were chosen to be
recorded in the trace match the kind of events which are of interest to the researcher (e.g.
turns taken in a chat dialogue). In other cases, however, the events are not at the correct kind
of granularity or do not directly show the whole of what happened. For example, in a game
where children must reconstruct a picture story by placing images from a scrambled pool in
the correct order, the placing of the last image causes all incorrectly placed images to return to
the pool. However, the events that are recorded only show which images were placed where
and the reader must know how to fill in the gaps. The difficulty in understanding the log files
is such that we have often observed® screen capture being used as a “catch all” method which,
while less structurally rich (digital traces at least already include the segmentation of the
activity into events) is easier to understand and ensures that nothing that happens on screen is
omitted in the recording, despite the fact that such recordings take up large amounts of disk

space and are more difficult to analyse automatically®.

Second, the data can be difficult to understand from a pragmatic point of view. Particularly in
the case of computer-mediated, face-to-face situations, the activity can be both multi-media
and multi-modal (Lund, 2007) encompassing speech, gesture, pen and paper, computer-
mediated communication and computer-mediated artefact construction. The recording of such
an activity will be spread across video recordings and digital traces, both of which must be
understood in concert in order to fully understand the activity (Goodman, Drury, Gaimari,

Kurland, & Zarella, 2006). This poses two challenges:

1  ensuring that it is possible to synchronize the recordings (because the timestamps have
been aligned or because at least one event occurs across the different recordings and
serves as a synchronisation point)

2 performing the actual synchronisation between the two recordings during analysis.

In the case of multiple videos, the second is often achieved by creating a single video which
combines these videos in a grid. This solution has the disadvantage of an increase in screen
real-estate taken up by the new video and the loss of all but one of the audio channels (unless

it is possible to mix the audio channels together in some way that is comprehensible).

5 . . . .
In our discussions with various researchers over the past three years.
® The ideal is, of course, to combine screen capture and log files.

1
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In the case of video combined with digital traces there currently exists no generic solution,
although this problem has been addressed by several tools (as we shall see when examining

the state of the art).

A third challenge is posed by the sheer quantity of data. Depending on the methodology used,
it is frequently unrealistic to analyse a complete corpus in detail. The question is then raised
of how to get an overview of a situation and how to identify specific episodes which are

appropriate for further investigation.

A fourth challenge arises when carrying out such steps as annotation, coding and
visualisation. In such cases, it is frequently necessary to create representations which record
the analytic work which has been carried out. Even with computer assistance, it is difficult to
automatically create these representations and to create them in a way which renders them
shareable and reusable. For example, consider two analyses (cf. Figure 1-1). The first consists
of graphically representing the reply-structure of a discussion in a chat (i.e. the researcher
transforms a chat log into a graph with boxes and arrows, showing a possible interpretation of
the reply-structure underlying the chat). This would typically be recorded as an image, created
by hand (or at the very least, the graph structure would, by necessity have to be created by
hand). The second analysis consists of coding the same discussion according to the rainbow
coding scheme (Baker, Andriessen, Lund, van Amelsvoort, & Quignard, 2007) whereby each
utterance is coded according to its role in argumentation. This would also be performed by

hand, most likely in software such as Excel™

. Without dedicated software to support such an
activity, there is no way to combine these two analyses, for example by attributing a colour to
each code and representing these colours in the graph, without dedicated programmatic

intervention (or tedious work by hand).
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Figure 1-1 Given two independent analyses such as a colour coding and a contingency
graph, how can the two easily be combined ?
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These challenges are not all of the same nature. The first two are technical or technological,
the third is methodological and the fourth and most important combines both these aspects
and is at the core of the issues we address in this dissertation. They are an introductory

overview of the difficulties currently faced by researchers wishing to analyse CSCL data.

1.2.3 Capitalising upon and sharing analyses

The last of the previous challenges is emphasized by the necessity of sharing and re-using
corpora and analyses. Sharing and re-use is necessary for teamwork and can take several
forms: spreading the workload across several team members (Goodman et al., 2006),
validating analyses through inter-coder reliability (De Wever, Schellens, Valcke, & Van Keer,
20006), extending the applicability of an analysis scheme to a new field (e.g. Lund,
Prudhomme, & Cassier, 2007) or combining the insights of several analysts (e.g. Prudhomme,

Pourroy, & Lund, 2007).

At a more community-wide level of consideration, in fields such as physics or chemistry, it is
customary to share data when publishing in order that other researchers might verify the
interpretation of that data. It is also customary to re-run experiments and perform the same
analysis in order to replicate findings. In CSCL, this is not the case, despite recent promising
efforts by Reffay, Chanier, Noras & Betbeder (2008), who have been examining how to

structure learning corpora in order to share them.

1.2.4 Computer support for analysis

In spite of success stories in using computers to aid this analysis (e.g. Cox, 2007) and the
existence of several tools to support it (cf. §1.4), these tools are frequently written to solve
very specific problems and require further programmatic intervention to be adapted to new
problem sets. Many authors have highlighted the need for better and more generic computer
support for analysis (Fisher & Sanderson, 1996; Hilbert & Redmiles, 2000; Thomas & Cook,
2005; Suthers, 2006). Before examining the existing tools, we first need to define in greater
detail the nature of recordings of human activity, particularly in computer-mediated

situations.

13
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1.3 Traces of human activity

In an ideal situation, a person wishing to study an activity would observe it (being therefore
limited to what is observable) and analyse it directly, making sure to observe exactly that
which is pertinent to their analysis. The fact that this is impossible in practice leads to the
necessity of creating a recording of the observable events which are considered pertinent with
regard to some goal. In this dissertation we will define a trace as being such a recording. This
inherently poses a paradox (Georgeon, 2008): how can we know what is pertinent to record
without having studied it? Does not the fact of judging something pertinent and therefore
worthy of recording beg the question of what will be found pertinent during the analysis?
Ericsson & Simon (1993) answer that “in designing our data-gathering schemes we make
minimal essential theoretical commitments, then try to use the data to test stronger theories”
(p. 274). The choice of tracing an activity must therefore in some way presume that the data

which is needed to coherently analyse that activity is present in the trace.

Informally, the “traces” (or in English a more familiar word might be “tracks”) of an activity,
are the marks which that activity leaves on the environment (but which are not necessarily the
goal of the activity and which are not necessarily left intentionally), which can in some way
be interpreted in order to make sense of what happened and when. In this kind of situation,
some traces are more durable and easier to interpret than others, depending on the medium
into which they are inscribed (compare the tracks left by an animal in mud with those left in
sand with those left in grass). To extend this metaphor, recording an activity is the act of
intentionally manipulating the environment in which it occurs in order that the trace that is
recorded be as appropriate as possible to the person who wishes to use it.

In many cases, the modification of the environment for tracing is simple (and potentially
disruptive): placing a video or audio recording device in one or more strategic positions.
Other modifications include the use of GPS receivers or eye-trackers to trace respectively the

usage of gaze and location in the activity being observed.

1.3.1 Tracing computer-mediated activity

The tracing of computer-mediated activity is a special situation in that it is both possible to be
very specific in what is traced, and to do so without modifying the environment in a

disruptive way. The simplest way is through screen capture, but this does not fully exploit the
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fundamental nature of computers — that all actions of the user on one of the computer’s input
devices are known to the computer, even if individual programs do not exploit them. By
default, these actions do not leave a permanent trace. Tracing must therefore be an intentional
action of the programmer, telling the computer to record certain specific events (Laflaquicre
& Prié, 2009). These might be user-interface events or higher level-ones. This kind of trace
can be seen as the transcription, at various levels of granularity, of the screen recording which
might otherwise be performed. These traces are sometimes referred to as digital traces (ibid.)
but this term is confusing and should probably be avoided. Indeed, a video recording can be
made digital, and a screen capture is certainly digital, but neither matches the term intended
by the word “digital trace”. We will discuss the properties of different kinds of traces in
chapter 3, until then using the term digital trace to refer to an event-based trace of computer-

mediated interactions.

In a collaborative computer-mediated activity, a single event might have different effects at
different levels: clicking on a button (UI level), triggering a given action (local program level)
and sending a message (distributed program level). As nothing is traced by accident, choosing
what to trace becomes an important consideration. One answer could be “everything”, but this
can lead to huge amounts of data that we are as yet ill equipped to deal with. Another
approach, used in the study of collaborative work, is to trace only those actions which are
collaborative (both for the pragmatic reason that they often transit via the server in a server-
client architecture and for the epistemological reason that). Harrer et al. (2004) define a
collaborative action as:

An action that affects or can affect the collaborative process. The action itself or its effect should be

perceived by at least a member of the group distinct of the one that performed the action. (p. 6)
However, Miihlenbrock (2004) suggests that actions can present various degrees of
interactivity, depending on parameters such as whether the action is performed in presence of
others, whether it is related to other actions, etc. This indicates that whether an action is
collaborative or not (and therefore might be worthy of being traced or not) is subjective and
highly contextual. Other solutions to the problem of what to trace range from the pragmatic
approach of tracing as much as possible and hoping that it will prove sufficient, to a very
precise definition of what needs to be traced to answer a given research question (Laflaquicre

& Prié, 2009).
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1.3.2 Uses of digital traces beyond analysis by

researchers

Digital traces can be exploited within a wider context than analysis by researchers, in order to
provide a better experience to users of digital environments. The treatments applied to traces
in these situations differ from those applied by researchers in that they must often be
automated (in order to be exploited in real-time), leading to research being performed on
visualisation (Dimitracopoulou & Bruillard, 2006) and the calculation of interaction
indicators (Harrer et al., 2004), defined as being the result of application of some data
processing method and being somehow related to the mode, process or quality of interactions
in a group setting.

The first “audience” for traces are the producers of these traces themselves. Traces can be
used to present the user (or group) with some kind of feedback to his past activity (Jermann,
Soller, & Miihlenbrock, 2001), ranging from a mirror to increase self-awareness, to a guide
which attempts to steer the user towards some (presumably desirable) activity. Another use is
to allow the system or program which produced the traces to automatically modify its
behaviour, based on how it has been used in the past, adapting itself to the user and affording
a personalised experience (Laflaquiere, Champin, Prié, & Mille, 2005). Finally, the user can
browse his own traces (such as web histories), using them as an inscription of his past activity
rather like some people take notes of how they accomplished something or record where they
have been and what they did (Laflaquiere & Prié, 2009). In a group context, particularly in the

workspace, this extends to an enterprise knowledge-base.

The other “audience” for traces are people who would like an overview of what a user, a set
of users or a group is doing (e.g. France, Heraud, Marty, & Carron, 2007; May, George, &
Prévot, 2008; De Laat, Chamrada, & Wegerif, 2008). In learning situations, this typically
concerns teachers and tutors who don’t have the time or ability (in the case of distant
learning) to interact with each student individually, but who want to know which students and
groups are performing well and which are in need of assistance. Outside of learning
situations, web analytics software allows webmasters to examine who is visiting their site,
and network analysis software allows network administrators to monitor their systems,

possibly looking for fraudulent activity (Denning, 1986).
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1.4 State of the art in trace

analysis

Many approaches, tools and methods exist to enable computer support for the analysis of
traces. Ideally, we would have separated tools (usually described by their list of
functionalities) from more elaborate (and re-usable) attempts at modelling traces and their
analysis. In practice, some of the models have given birth to tools and some tools address a
specific situation but have not been created with a broad model in mind. This presentation of
the state of the art will be broadly broken up into categories: trace models, computer science
methods for automated trace analysis, audio-video analysis, trace analysis tools, and

exploratory sequential data analysis and replay tools.

1.4.1 Trace models

In this section, we examine various models which have been proposed to represent traces and
analyses. In each case we will look at the motivation to model the trace, the approach that was

used, any resulting tools and discuss the limits of this approach.

1.4.1.1 Cavicola

Motivation. Cavicola (Computer-based Analysis and Visualization of Collaborative Learning
Activities) is an ERT (European Research Team) within the Kaleidoscope network (a
European network of excellence for technology enhanced learning which ran from 2003 to
2008). This team is an institutionalisation of various partnerships between research
laboratories in Patras, Valladolid, Duisburg and Freiburg and continues work that started from

an even larger consortium in 2001, centred around the concept of interaction analysis.

One of the core issues addressed by this consortium (Martinez et al., 2005) is exemplified in
Figure 1-2. When looking at different tools to analyse CSCL environments, they realised that
each was created by a research team to answer their own specific questions regarding their

own specific learning environment.
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Figure 1-2 The initial situation: each tool is linked to a trace format and to the tool from
which the trace is recorded (Martinez et al., 2005, p. 13)

An accidental side-effect of this situation is that each trace producing environment and its
corresponding analysis tool are linked to a particular file format, making it difficult for

different analysis tools to be reused on data from other environments.

Approach. One of the goals of the consortium being to create a library of interaction analysis
tools, they decided that they should also define a common format which would be understood

by all the tools. Part of the XML DTD for this common format is presented in Figure 1-3.

This format describes interaction data (a digital trace) as being composed of a preamble
describing the identifiable entities which can be found in the trace and a set of actions each of
which has some required and some optional properties, such as the timestamp, the type of
action, the user(s) involved and their role, the content describing the action and the objects on
which the action applies. The goal of this format is to serve as an intermediary between trace
producing tools and trace analysing tools which either directly produce and read this format or

which conserve their own format, transforming between the two via XSLT transformations.
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Figure 1-3 Part of the DTD for the Cavicola common format (Martinez et al., 2005, p.
17)

This approach is designed to be used in collaborative computer-mediated situations, both in
real-time (i.e. to provide immediate feedback to students and teachers) and in post-hoc

analyses. In all cases, the idea is to provide input to a tool which performs some kind of
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automated calculation. In order to do so, the tool must have some idea of the semantics of the
trace : that it is composed of actions and that these actions have certain properties, such as

users, timestamps, etc.

From a perspective of post-hoc analysis, this format has been proposed as a means for
interoperability between tools which perform the different steps of an analysis framework
proposed by the Cavicola consortium (Harrer et al., 2007; Kahrimanis et al., 2006). In this
framework, designed to facilitate discussion of analysis methods and the building of tools to
support them, analysis can be broken down into a sequence of steps (cf. Figure 1-4): Capture,
segmentation, annotation (and coding), analysis processing (qualitative and quantitative

analysis), visualisation and interpretation.

Caphurid Diata
Segment '

Segmented Data

Raled Data

Figure 1-4 The Cavicola analysis process in its generic form (left) and in a more specific
instance (right). (Harrer et al., 2007, p.2)

Kahrimanis et al. (2006) note that this model is designed to be flexible to accommodate

different kinds of analysis and illustrate this with instantiations of the model in various
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situations. For example, in Figure 1-4 , the annotation phase breaks up the analysis into three
parallel activities: qualitative coding, rating and quantitative measuring. The qualitative
coding is then analysed, allowing the three analyses to be merged back into a single
visualisation. The rated data and the quantitative indices are analysed statistically, with all
four analysis results (visualisation, qualitative analysis, rating analysis and quantitative
analysis) being used to perform the interpretation. They add that in some cases a tool

performs multiple steps at once and in others, the same step is performed by several tools.

Discussion. A core assumption of this approach is that some kind of unified semantics of the
traces of collaborative actions can be achieved. In order to provide extra flexibility, Martinez
et al. (2005) remark:
The object description can be enriched as needed by properties, such as the object’s attributes and
associated values. This provides a very flexible mechanism, but on the backside it lacks the strictness
of definition that would be needed to check at a general level if all needed elements for some specific
analysis are available. (pp. 15-16)
In other words, mindful that there will always be some formats that do not completely map
onto this common format, they have provided optional elements. But this makes it very
difficult for tools which require these optional semantics to explain and enforce their

requirements.

Although the Cavicola consortium has reported successful use of this common format on
several tools, the format is not currently in widespread usage. The reasons for this are hard to
pin down. It could be due to the number of cases requiring special semantics, to the lack of
publications regarding the common format (a complete DTD has not yet been published), to
the lack of availability of analysis tools which trace-producing tool designers could use (and
want to use) to analyse their traces or to a lack of corpora on which analysis tool designers
could evaluate and test their tools. The two most likely hypotheses (according to our own

experience) are:

e existing trace-producing tools have been developed in such a way that no-one knows
the complete extent of the traces they produce, nor how to transform this into the
common format, while new trace-producing tool developers have so little available
time that they can’t invest any into investigating the common format, in spite of the

vast potential gains.

e many interaction analysis tools are designed to be used in real-time to provide various

forms of feedback to students and teachers. In such a case:
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— using a file for communicating between the trace-producing environment and the

analysis tool is too slow and resource consuming;

— decoupling the analysis and production tools so hard that creating ad hoc coupled

tools is easier;

— the analysis tool usually has to communicate back to the trace-producing

environment — and there is no format for doing so.

While we see the value in using the analysis process model to write-up how the analysis was
performed after the fact, for example in order to replicate the same analysis on another data
set or to report it in a publication, it remains unclear how this model will assist the design of
analysis tools. In our own experience, many analyses are much more chaotic in execution, as
different methods are explored until a final methodology is stabilised. This has been the
experience of others:
Our analytical process developed in relation to our research question and though we present it here, it
is really part of our findings. Below we describe the main aspects of our analysis, though as it was a
process of discovery, the reader should not think that these happened in a linear manner. We moved
iteratively back and forth between our research questions and different aspects of data analysis,

identifying more and more complexity as we pursued [our topic of interest]. (Kapur & Kinzer, 2009, pp.
26-27)

1.4.1.2 UTL

Motivation. UTL (Usage Tracking Language) is designed to allow the modelling of “tracks”
in a neutral way with regards to educational scenario models, educational environments and
log data formats (Choquet & Iksal, 2007a; Choquet & Iksal, 2007b). They define a track as
any “datum which provides information on the learning session” and claim that tracks should

be modelled in order to be better analysed.

Approach. They propose that tracks should be modelled along three facets: defining, getting
and using (cf. Figure 1-5). The defining facet allows track users to describe what tracks
should be observed and what they mean: their name and purpose. The getting facet allows
developers to define how such a track is collected or created: does it come from a database, a
text file, an XML file, a video file? How can it be extracted from that file? The using facet
defines how a given track can or is intended to be used: what data fields does it contain? what
pedagogical context is it related to? what indicators can be calculated with it? The aim of this

distinction is to allow pedagogical scenario designers to define what needs observing
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(defining) and for what purpose (using) in order to negotiate with developers on the means of

observation (getting).

Modeling — - Acquiring
Needed Tracks /| Defining Getting Unpredicted Tracks
TRACK
MODEL
Using

Reengineering
Regulating

Assessing
Reflecting

Figure 1-5 The UTL Defining-Getting-Using model (Choquet & Iksal, 2007a, p. 4)

In UTL, various kinds of tracks are modelled in different ways. Choquet & Iksal (2007a)
distinguish two kinds of track: primary-datum and derived-datum (cf. Figure 1-6). A primary-
datum can be either a raw-datum, found in a log file or database, a content-datum, which is
some kind of production by a learner, or an additional-datum, which is data which is not
collected from the learners and which might be useful for the analysis (such as a conceptual
ontology). A derived-datum is calculated from some other datum and can be either an
intermediate-datum (used as a means to calculate something else) or an indicator: a track
defined as having a special meaning within a specific pedagogical scenario or learning

situation.

This language can be used not only to model any kind of TEL trace but also to describe the
indicators which can be calculated from that trace with a specific analysis purpose in mind. Its
authors illustrate its use on several situations, showing how it can be used to deal with the
problem of data heterogeneity, to assist in the interpretation of tracks, to help calculate
derived data and to compare what the learner did (“descriptive trail”) with what the

pedagogical scenario designer intended (“prescriptive trail”).

Discussion. It is hard to evaluate this work as much of the language still needs implementing.
The authors note that they also will need to write authoring and modelling tools for non-
technical users. While this work certainly presents a thorough and grounded classification of
tracks, it is not clear why this model should be specific to pedagogical situations, or what is to

be gained by using this classification in implementation.

23



Chapter 1 — Research Issues

use

y
derived-datum

use

primary-datum

JAN

additional-datum

intermediate-datum

content-datum

indicator

: raw-datum
|I is relevant of T
|

I
|
|
|
is characterized by : I
Vi A

pedagogical-context content

11

Figure 1-6 The UTL conceptual model of a track (Choquet & Iksal, 2007a, p. 6)
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1.4.1.3 MULCE

Motivation. The MULCE project (MUItimodal contextualized Learner Corpus Exchange)
stems from the need within the TEL community to share corpora and analyses, in order to
enable replication, verification, contradiction and refinement of research results (Reffay,
Chanier, Noras, & Betbeder, 2008). The authors specify the requirements on the construction
of a LETEC (Learning and Teaching Corpus), by explaining what it needs to contain, how it

can be structured and under what conditions it can be shared.

Approach. They first define a corpus, drawing inspiration from linguistic corpora, as
everything that is necessary to enable an analysis (cf. Figure 1-7): not only the interaction data
(digital traces, video, pre- and post- tests), but also the learning context (current student
knowledge, goals, pedagogical scenario, tools used etc.), the research context (research
questions, experimental protocol, etc.), the licence under which the corpus is distributed
(describing the conditions under which it can be used), and all available analytic work (such

as transcription of videos).

Reffay et al. (2008) then define an XML structure for defining a corpus, with each component
being broken up into three tiers: the description of the component, the reference to the file
containing the data regarding that component and the data file itself (not included in the XML
file but made available at the URL given by the reference). As far as the data contained in the

corpus is concerned, they recommend following existing standards (where they exist), such as
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the Text Encoding Initiative (TEI, 2007) for text and dialogue, IMS-LD (IMS-LD, 2003) for
pedagogical scenarios, etc. Due to the lack of common formats for digital traces, they propose
a format for their own kinds of data, where a session is composed of acts and an act is defined
generically, with a different data type for the information specific to each kind of act (email,
forum, etc.), leaving other authors to extend it with the acts that can be performed in their own
tools (cf. Figure 1-8). The description tier of the corpus should describe as much as possible

the format in which the data is encoded.

o =
/ Environnement
d'utilisation

Scénario
pedagogique

Licence

publique
Instanciation Analyses
Licence

privée

DEXO+300

Protocole de
recherche /

Figure 1-7 Contents of a MULCE corpus (Reffay ez al., 2008 p. 6)

As far as the sharing of corpora is concerned Reffay and colleagues highlight various ethical
problems. They advise that any shared corps should contain a “private” licence (which defines
the rights of the original authors/researchers and states that the corpus is “real” and that the
authors are authorised to share it), a “public” licence (defining the rights and obligations of
future users of the corpus), an anonymisation policy which describes exactly how the corpus
was modified in order to protect the rights of the people being recorded. Furthermore anyone
wishing to share a corpus should make sure that they have the appropriate paperwork to show
that the people recorded in the study have expressed their consent to being recorded and to

that recording being shared.

Tools. This work has led to the creation of an online platform on which corpora and analyses
of these corpora can be shared (this platform was on the verge of being opened to the public

during the authoring of this dissertation).
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Figure 1-8 Schema for encoding acts in a digital trace in the MULCE project (Reffay et
al., 2008 p. 14)

Discussion. This project takes a very pragmatic approach to the modelling of corpora which
include traces, contextual information and analyses. For every document there should be a
description which explains what it contains, what format it is encoded in and what software
can be used to read it. As much as possible, the authors advise the use of standard open
formats. While such an approach can only be applauded both for its goals and for the effort to
minimise the cost of sharing a corpus (i.e. not necessary to convert it to some common
format, or to use a restricted set of tools), by its nature it provides little information on how

analyses should be modelled (since there is, as of yet, no standard format).
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1.4.1.4 Trace-Based Systems and M-traces

Motivation. This section and the following give an account of work carried out in the LIRIS
laboratory in Lyon, in collaboration with many partners on the specification of systems to
record, manage and transform digital traces. This work stemmed from the initial double
perspective of using trace-based reasoning in a similar way to case-based reasoning (Mille,
2006) and using traces in order to personalise the experience of a learner in a TEL situation
(Settouti, Prié, Mille, & Marty, 2006). Case-base reasoning (Schank, 1982) is a technique for
solving new problems by drawing on experience in already solved problems (“what did we do
in such a case?”). Trace-based reasoning is the idea that, as traces store past experience, they
can be leveraged to solve new problems, benefiting not only from the automatic storage of
experience but of that experience being stored in a temporally situated way (“what steps did

we follow in the past when we were faced with such a problem?”).

Approach. Champin, Prié¢, & Mille (2004) initially proposed a framework for modelling
traces called Musette (Modelling USEs and Tasks for Tracing Experience) in which a trace is
composed of a sequence of states and transitions, each transition being composed of one or
more events, and each state composed of one or more objects. The effect of a transition is
described by the relationship between events and objects. The model of the trace describes the
kinds of events, objects and relationships that can exist within a trace and affords the
transformation from a trace into an explained trace. Explained task signatures (common
patterns which make some kind of sense) can then be defined from the model and found
within the trace. In more recent work (Settouti et al., 2006), a trace (or what we are calling a
digital trace) is defined as a temporal sequence of observed elements, meaning that these
elements are events which occur and are recorded in a temporal sequence. This lays the
foundation for a trace-based system, designed to record, store, transform, query and visualise

traces (cf. Figure 1-9).

In this architecture, a collection model defines the means of recording a trace into the system
(much like inserts into a database). A trace carries with it a model which describes the
semantics of its contents, thus defining the transformations that can be applied to it (with a
transformation model), the queries that can be made on it (with a query model) and the

visualisations that can be made (with a visualisation model).

Settouti, Pri¢, Champin, Marty, & Mille (2009) extend this work, formally defining the notion

of a trace model, a trace, a query language and a transformation language. They define a trace
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model as a vocabulary for representing traces: how time is represented, the categories
observed events can belong to and the attributes they can have, the relationships that can exist
between events, and the kinds of events they can link. A trace which conforms to a model (or
M-trace) is then defined as a set of events and relationships, each event having a unique id, an
associated time and a set of named attributes; the events and relationships are typed according

to the definitions in the model.
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maces [ Tracen s Mtn] SBT (Kernel)
Tz
Systéme -
de l Trace i SBT Mt | T
Gos i B
=eslion
de Traces Systeme de Modéle de
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Figure 1-9 Architecture of a trace-based system (Settouti et al., 2006, p. 5)

Settouti and colleagues define a grammar for describing patterns : informally this is a tuple of
constrained variables (bound variables, free variables, and variables involved in relationships
with elements from a trace or trace model, or other variables). The execution of that pattern
returns all the tuples of variables that match the constraints. A query is defined as a pattern
which contains no events from a particular trace (thus rendering it generic over any trace
conforming to the model used in the query), a name and a subset of the variables which must
be returned. A transformation is defined as an operation taking one or more M-traces (each
conforming to a given model) and producing a new M-trace (conforming to a new model) by
applying a set of transformation rules. A transformation rule is composed of a query and a

template for producing new trace elements from the result of the query.

As this system is designed to be used for all applications using traces (being in spirit rather
like a database management system for traces), Settouti and colleagues take care to
differentiate off-line and online M-traces. An offline trace is considered to be the final result,
meaning that queries can be run once. An online trace arrives in “real time” in bursts of new

elements. A continuous query is defined as a query which runs on an online trace — and
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needing to be re-evaluated as new elements arrive. Clearly, running a query on the complete
dataset each time would be costly — in many cases, it is possible and more efficient to partially
compute the results on the existing dataset and increment the result set based on a calculation
which is applied only to the newly arrived elements. This leads to the examination of the
monotonicity of queries : queries whose existing results will not be invalidated by newly
arrived elements are monotonic; queries such as “A not followed by B” may return a result
that is valid at a given moment (A has happened) and be later invalidated (B suddenly
happens). In other words, it is impossible (or at the least misleading) to evaluate non-
monotonic queries (e.g. identify participants who have not used a particular tool) on
incomplete data as such results may later be invalidated. Furthermore it becomes difficult to

re-use the results of previous computations when new elements arrive.

Finally, Settouti and colleagues show how to map the formal semantics they have defined
onto the Datalog language (A query and rule language for deductive databases; Gelfond &
Lifschitz, 1991), thus providing a means of implementing patterns, queries and

transformations.

Discussion. This approach is particularly interesting as it examines why traces need to be
studied more closely in order to define a generic means of defining calculations on them
(necessity of a model, difficulty of applying transformations in presence of a model, problems
of evaluation on online traces). It has been successfully applied to certain kinds of traces, in
order to define specific transformations on a given trace model and to assist the
transformation of traces from one model to another (Djouad, 2008). However, it has not, as of
yet, yielded a generic tool for use by the community. While the approach has been developed
in a TEL context, it can be applied to traces from any domain. The context seems to be more
due to the first need for such a system being felt within the TEL community than to any close

relationship between TEL and the modelling of traces.

1.4.1.5 ABSTRACT

Motivation. A major contribution to the work on M-traces and trace-based systems described
in the previous section is the ABSTRACT (Analysis of Behaviour and Situation for menTal
Representation Assessment and Cognitive acTivity modelling) system and the models behind
it (Georgeon, 2008; Georgeon, Henning, Bellet, & Mille, 2007). Georgeon studied car driving
from the perspective of cognitive ergonomics, more specifically in the discovery of patterns in

motorway driving and overtaking. Georgeon worked on a very complex data set including the
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state of the car (speed, direction, brake-pressure, indicator usage, proximity to other vehicles),
gaze data from the driver (looking straight ahead, in the rear view mirror, in the wing mirrors,
in the blind spot, etc.) and video data. In order to discover these patterns in his recorded data,
he found it necessary to build a system which would allow both the exploration of the data
and the definition of transformations, abstracting from the raw data up to the patterns of

interest.

Approach. Georgeon’s approach to analysis of traces stems from the double perspective of
ESDA (exploratory sequential data analysis — of which we give an overview in §1.4.5.1) and
knowledge management/engineering. Georgeon cites Bachimont (2004) to explain that
knowledge engineering should rather be described as a means to engineer the inscription of
knowledge. The role of knowledge engineering is to design systems which, rather than
automatically recording, transforming or producing knowledge, give its users the means to do
so via symbolic representations of knowledge. Georgeon further draws on the concept of
Knowledge Discovery from DataBase (Fayyad, 1996): “the overall process of discovering
potentially useful and previously unknown information or knowledge from a database”. The
cycle of knowledge discovery (cf. Figure 1-10) is piloted by the user, who is the only person
qualified to say whether and why a statistically significant pattern in the data represents new

knowledge.
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Figure 1-10 The Knowledge Discovery from DataBase cycle (Fayyad, 1996, p. 41)

Georgeon explains that his goal is to “set up a system allowing the discovery of knowledge

from traces of activity” and insists on the central role of the user of the system as an agent in
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this process and on the necessity of modelling the traces of activity and the new actions

according to an ontology.

In the ABSTRACT system, traces of activity are modelled as an ordered graph which is
explained by an ontology (i.e. each vertex and arc can be attached to a concept in an
ontology). In this graph, vertices are objects recorded in the data or created during the
analysis, and edges are relationships between these objects (again, these relationships can

come from the recording or have been created during the analysis).

Tools. Georgeon combines a number of existing technologies to put this model into operation.
The trace is represented as an RDF (Resource Description Format) graph written in an XML
(eXtensible Markup Language) format and modelled by an RDF-Schema ontology. The
SPARQL (SPARQL Protocol and RDF Query Language) query language is used to define
patterns and construct new elements in the trace. The trace is transformed via XSLT
(eXtensible Stylesheet Language: Transformation) into an SVG (Scalable Vector Graphics)

image. Finally, ontologies are constructed and edited by the user via the Protégé tool.
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Figure 1-11 The ABSTRACT architecture (Georgeon, 2008, p. 140)

31



Chapter 1 — Research Issues

These technologies are combined in an architecture containing three components (cf. Figure
1-11): a trace collecting system, designed to combine the recorded data into a single,
modelled trace, a trace-based system, designed to allow the transformation, modelling and
visualisation of traces, and a documentation system for explaining the transformations

developed by the user and the explained trace signatures that have been discovered.

The visualisations which are created in this system represent different kinds of objects as
different-shaped and -coloured symbols on a graphical timeline. The abstractions which are
produced as a result of transformations from lower level elements are linked to these
elements, allowing easy navigation up and down the construction of abstractions. In Figure
1-12, the bottom half shows a large time period while the top half shows a 10 second slice of
that period. The circles at the bottom of the top visualisation indicate the initial trace elements
from which the other more abstract elements, represented by triangles and squares, are
calculated. This visualisation can be synchronised with the video and new elements can be

added by defining new transformation rules.
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Figure 1-12 Visualisation in ABSTRACT (http://liris.cnrs.fr/abstract)

Georgeon explains that the knowledge that can be created in ABSTRACT is implicitly

contained in the source trace and that the analyst’s role is to make that information explicit
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through increasing levels of abstraction. He notes that while this tool was used to analyse
driving in an ergonomics context, it was designed to be used for any kind of ergonomics study

and could probably also be used for analyses in other fields.

Discussion. This approach is, to our knowledge, the first complete traced-based system to
have existed and is one of the few cases of such a system actually being completely
implemented and used in real analysis situations. Georgeon notes that usability is critically
important for such a system to be used by ergonomists. He highlights the key issues of
ABSTRACT as being : the necessity of some abstraction to be built on top of SPARQL to
avoid users from having to know how to use it; the limits of the technologies in use, rendering
some calculations very slow; and the current lack of integration between the different

modules (visualisation, definition of transformations, definition of the ontologies, etc.).

1.4.2 Automatic analysis techniques

In this section we examine techniques from various fields in computer science which have

successfully been applied to analysing traces, particularly those of TEL data.

1.4.2.1 (Educational) data mining and machine learning

Data mining is a term applied to various techniques used to automatically discover patterns in
large quantities of data. Mining of web usage logs is a natural expansion of the mining which
is performed on data from retailers in order to discover buying patterns (e.g. people who buy
cars often buy petrol). This has lead to the development of sequential data mining techniques
(Masseglia, Teisseire, & Poncelet, 2005), which look for common patterns across the activity

log data of many users.

Another recent development is that of an educational data mining community (Educational
Data Mining, n.d.), attracting members from the intelligent tutoring community in particular
(intelligent tutors are software specialised in providing customized instruction or feedback to
assist a student perform a particular learning-related task (Psotka, Massey, & Mutter, 1988)).
Mostow & Beck (2006) explain that an intelligent tutoring system such as their own (Mostow
& Aist, 2001) had logged over 50 000 sessions of interactions between learners and the
system. They explain how to record educational data in order to make it suitable to being

mined.
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e Data should be logged at multiple grain sizes as data at different granularities is suited

to answering different questions.

e As much data as possible should be reified (translated into something machine-
understandable): for example replacing handwritten input with typed input, freehand

drawing with drawing from a palette.

e Timing can provide extra information : not only does it show when something
happens and in which order, but also, for example, how long it took for a student to

answer a particular question.
e Analysis of students’ writing can be used to grade answers to questions.

e In many systems, students discuss with their peers. If this information is recorded it

can be used to quantify frequency, volume and patterns of communication.

e Information about students such as age, gender, 1Q, prior knowledge, etc. can al