Computer based Interaction Analysis Supporting
Self-regulation: Achievements and Prospects of

an Emerging Research Direction

ANGELIQUE DIMITRACOPOULOU

Learning Technology and Educational Engineeringdratbory, University of the Aegean, Greece
1, Av. Democratias, 85100, Rhodes, Greece

Computer based Interaction Analysis (1A) for the suppf the participants’ self-regulation
in technology based learning activities (individsatl or social) is a new direction of
research that has emerged during the last yeassmiain purpose is to offer a cognitive and
metacognitive support to learning environment ma#ptnts (e.g. students, moderators,
teachers) as well as to observers of those a@svife.g. teachers, researchers), who need to
analyze and understand the complex cognitive amihlsphenomena that may occur. The
core aim is to offer directly to human actors theams (usually via visualized representations
of appropriate IA indicators) so as to be aware oflaregulate their behaviour, either as
individuals or as cognitive groups. The paper idioes this research direction, presenting
its achievements via the features of IA tools, dh&gis of their actual usages, as well as a
brief research roadmap regarding the design of ¢hésols. Finally, a discussion on the

perspectives of IA for self-regulation concludesphbper.
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INTRODUCTION

Computer-based Interaction Analysis (IA) for sejiitation support can be defined as the

automatic or semi-automatic processes that ainndénstanding the computer mediated activity,
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drawing on data obtained from the participantsviigs. This understanding can serve in order to
support the human or artificial actors to take parthe control of the activity, contributing to
awareness, self-assessment or even regulatiorefirepsilation.

The IA process consists of recording, filtering gmdcessing data regarding system usage and
user activity variables, in order to produce thalgsis indicators. These indicators (presented
usually in a visualized form) may concern: a) thecpss or the ‘quality’ of the considered
‘cognitive system’ learning activity; b) the feagsror the quality of the interaction product; or c)
the mode, the process or the quality of the colafimn, when acting in the frame of a social
context forming via the technology based learningi®enment (Dimitracopoulou et al, 2005). The
interaction analysis results that are presentedegarticipants of the learning activities’ (stote
moderators, or teachers) as well as the obserteashers, administrators or researchers) must be
displayed in an appropriate format (which will ubpde graphical, but also numerical or literal).
These results should be interpretable by them.

The core aim is to offer the means directly to thenan actors, so as to be aware of and
regulate their behaviour, either as individualsasrcognitive groups. In fact, the corresponding
interaction analysis tools support the users ieghmajor levels: awareness, metacognition and
evaluation. The objective is the optimization ofe tiearning activity through: (a) refined
participation by the students through reflectioalf-assessment and self-regulation, (b) better
activity design, regulation, coordination and eadilon by the teachers.

The need to support participants’ awareness ancaoghition is driven by the intensive
interest to use technology based learning envirosnand especially highly interactive ones in
particular in every day educational practice, whérere is a need to (self)/evaluate in an
operational way, both the learning processes aedjtiality of activity. When students work, for
instance, with exploratory learning environmentsyagiety of interactions among students and
system take place. Moreover, during technology dha®eial activities very complex interactions
occur, between two or even more individuals colfating in a group, as well as among students

and an eventual moderator. Subsequently, on théhand, students seem to need information on
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their own actions, as well as on their collaborst@n the other hand, teachers, especially in real
class contexts, need some structured informatiowluet happens, that could allow them to have
more appropriate synchronous or aposteriori intefoaes, related to the quality of the activity
outcome (content) and/or the quality of the collaion itself.

Thus, actually, most of the existing learning systegpresent limitations when used by students
in educational settings. Some of the limitations attributed to the fact that students have
difficulties to develop metacognition on their owantions and processes, or to participate in the
interaction with their partners, while teachers velne in charge of several students, fail to intt;pr
the enormous number of complex interactions th&e tplace simultaneously; this leads to
scenarios in which teachers are not able to ddtadnstance, collaboration breakdowns that could
produce frustrating experiences and even the alpaofithese new learning experiences in favour
of more traditional methods.

Acknowledging these limitations, during the lastig® researchers have started to work on
addressing this problem. Tools or simplest funditrat aggregate the interaction data of logfiles
into a set of high-level indicators which are presd to the learners or to the teacher have been
developed [Dillenbourg et al. 2002; Reimann 200&rd&u & Dimitracopoulou, 2003; Fesakis et al.
2004; Jermann 2004; Vassileva et al. 2004; Gerbah 2005; Mochizuki et al. 2005, Nakahara et
al. 2005, Reyes & Tchounikine 2005; Bratitsis & [Mtiracopoulou 2006, Hlapanis &
Dimitracopoulou, 2007; Teplovs et al. 2007; Kayakt2007]. Thus, it has emerged a new research
direction related to the design of technology baksining environments: the one that | call
“computer based Interaction Analysis supporting-segulation” [Dimitracopoulou, et al. 2005;
Dimitracopoulou & Bruillard, 2006; Dimitracopoulo2008].

Finally, nowadays, the automated analysis of gpditts’ interactions is taken into account by
three main directions that are distinguished be abmplementary ones. The two first well known
directions correspond to those that the systemedias the output of interactions analysis, takes
into account the profiles and the cognitive proesss individuals or collaborating groups, in order

to adapt the learning environment to their own seedd preferences, or even to provide
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appropriate guiding messages guiding (applyingcglpiechniques of Artificial Intelligence). The
third new direction provides information directly the human actors, based on the automated
interaction analysis, so as to self-regulate ttetisions, actions and behaviours, supporting them
in a level of awareness and metacognition (Dimidpaailou & Bruillard 2006). If we want to
depict two main differences, we could say that:Ifajhe two first directions, it is the system that
makes the decisions (leading to the so-called Ada@Bystems or even to the Intelligent Tutoring
Systems), while in the third one the locus of colns on the human actors’ side; (b) Given that the
output of interaction analysis is to be interpretegd humans, the nature of the presenting

information as well as the corresponding visualisaplays a critical role, in the case of IA.

In the following part of the paper, an overviewtbis new research direction is presented, in
particular via the features of IA tools as welltlas synthesis of their actual usages. Then, tha mai
aspects of a research roadmap highlight its achiewés, while they draw the underlying
objectives and perspectives that could enforcertssarch direction. At the end, the prospects on

the design of enriched learning environments aseudised.

INTERACTION ANALYSIS TOOLS

Interaction Analysis Tool Processes and Indicators

The 1A tools produce IA indicators that constitwriables indicating ‘something’ related to
the mode or the ‘quality’ of individual activity .@ modelling approach, quality of hypothesis
testing, etc.), the mode or the quality of the almdiration (e.g. division of labour, categories of
specific contributions), the process or the qualityhe collaborative product.

Let us briefly present the main ‘phases’ involvedtie ‘interaction analysis process’ of a
generic 1A tool. Students interact in a technolbgged learning environment. In different

moments of the learning activity, they can intemsith the environment in an individualised (stand
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alone) mode, or in group(s), forming various cogeitsystems. Additionally, a teacher may

intervene or just supervise the whole activity.

In order to analyze participants’ interactions, anber of processes occur that are presented
briefly in the following:

First of all, data are selectedafa selection or data filterifgoy an automated mode, from the
available data sources. Two kinds of data coulddikected: (a) the interactiooroduct (its final
form and eventually a number of its intermediarstémces); (b) student(s) and/or teacher actions
registered into the environment logfile.

The selected data are aggregated by diffedatd processing method®ften preprocessing
methodsare also needed (e.g. transformations of availaldtabases in suitable shapes or
intermediary calculations), in order to prepare ttaa in an appropriate way (e.g. needed for
specific algorithms).

The application of ‘data processing methods’ preduasually one or more basindicators’
(usually low level indicators), as well as one oorencomposite, derivecbnes (high level
indicators).

In theinterface of the IA toglthe IA tool user can observe or even handle thput values of
IA indicators. Concerning the presentation of the indicators’ galio the users of interaction

analysis: (a)fhe values of these indicators could be announaedtly to the users via a
specific interface. Thpresentation of the valuesually takes an appropriate form: textual,
numerical, or diagrammatic- visualized. (b) In soo@ses, the systems incorporate an
assessment of the values of indicators (via a nmestmaof ‘calibration’ according to
specificnormg, specified into the specific context of interaati(e.g. presenting a range of
‘positive” and ‘negative values”). (c) In other eas systems interpret the meaning of the
indicators values, comparing them with iaternal modelsuitable or even idedtesired

interaction state)and therefore proceeds to the production of epiessages advising
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students what to do. In the latter case, a guidysgem is produced (addressed usually to
students).

In case that théA tool is customizableby its users (e.g. teachers or adults studentshait
allow them, via the IA tool Interface, to inseripappriate values for: (i) the desired indicatorb&o
observed, (ii) the norms of some indicators, (li¢ desired model if needed (e.g. in the previous
third case).

Finally, it is to be noted that the output of antb®l, can be visualised even in ttmerface of
the Learning environmenity case that it is considered useful during theraction (e.g. indicators

supporting workspace awareness in social software).

The whole ‘system’ that selects the required datd aggregates them via data processing
methods, producing indicators and even developimgapriate forms of messages could constitute
a distinctinteraction analysis toglor just a piece of interaction analysis softwewdg, internal to
the learning environment.

Besides the exact processes executed by an IA @ach one of them is marked by the IA
indicators, which produces. There is a number toibates and properties that characterises the 1A
indicators. For their detailed presentation andufision the reader can consult other publications
(Dimitracopoulou et al. 2005; Dimitracopoulou & HBtard 2006, Dimitracopoulou, 2008). Among
the totality of IA indicators attributes, we canmtien four central ones and in particularly, the IA
Indicator : (a)Nature (cognitive, social, affective); (btatus that is related to the status of the
values of the indicators, namely if they corresptimdlear values, values calibrated according to a
norm, or even values that offer a direct evaluati@) Point of Viewon the interaction data,
corresponding to an Individual point of view, a mobobf view of Group (differentiated or
undifferentiated), a community or society pointwiéw; (d) Visualisation modewhere we can
distinguish three main general categories (thecglpiisualisation of an indicator in function okth
time, the co-variation between two indicators, d@hd simultaneous visualisation of multiple

indicators).
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The features of IA tools

An |A tool presents three main features: (i) Tiheended usersf an IA tool, according to its
designers; (ii) thestatus of the IA toah relation to the technology based learning emvinent;
(i) the model of interactiorwhich is finally produced. Other features of thésels that could be
mentioned here are the type of data that can beivext as entries or their validity field.

Subsequently, we will present briefly these thregmfieatures of 1A tools.

The users of A tools

Generally speaking, three different categoriessafrsi can benefit by the outputs of an IA tool:

the participants of the learning activity, the alses of this activity; the system itself (the leiag

environment).
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Figure 1. «i-Bee »: Example of IA tool addressed to stud@txhizuki et al., 2005)

(a) The participants in a technology based learningivdtgt It is useful to distinguish two sub-

categories:

(al) Thestudents:For instance, the IA tool ikBee» (Mochizuki et al., 2005) (Figure 1) is

addressed to students discussing via a forum afcasgnous discussioiBee produces as
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the analysis output a visualisation incorporatingurf IA indicators visualised by
metaphors: «the popularity of each discussion thkeyword » (represented by a flower with
values: bud of flower, flowering, full bloom), «thectivity degree of every participant »
(represented by a bee with values: sleeping, actiregy active), «the main topic of
discussion per participant » (represented by tls¢éadce between bees and flowers) and
“keywords used by participant” (represented by hiead direction of bees). Similarly, the
tool «iTree» (Nakahara et al., 2005) represents four indisatwhich can be visualised in
the screen (as a wallpaper) of the mobile phonebefstudents studying on a university
campus and intented to participate in an online B&&m (Figure 2); the participation
variables are the “number of posts” (visualisedttoy growth of tree’s trunk), the “Number
of times posts are read” (number and color of legv&Number of replies to posts” (red

nuts), and “Ratio of total forum posts to repliésdlor of sky).

(a) the” iTree” visualization appeared as the pagler of a mobile phone
(b) the evolution of the visualization of a pauntar student participatic

Figure 2."iTree”: Example of 1A tool addressed to studentakahara et al. 2005)

(@2) The teachers, moderators, tutors, trainersgtc. For instance the IA tool
«Analytic Tool» (Figure 3) is a set of IA sub-tools linked toe tlenvironment of
asynchronous collaboratiorkKnowledge Forum (Teplovs et al., 2007). It offers to the
teachers a set of indicators (e.g. regarding theltéion of vocabulary » or the « semantic

field of students’ discussion topics», Figure 3d &b respectively). Another tool, which is
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addressed to teachers, IARGUNAUT» (de Grootet al., 2007), which also offers to the

moderator some functionalities of intervention todgthe students.
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Figure 3. « Analytic Tools»: |A sub-tools linked to the leiag environment « Knowledge Forum » addressed to
teachers (Teplovs et al., 2007)

(b) There are different profiles observers of the technology based learning actthigg might
want, for instance: to estimate the quality of iattion among the participants, such as the
teachers or themoderatorswhich are not directly involved in the activityy validate the technical
functioning, like, for example, thedministratorsof a web-based environment; or even to analyse
the events and the interactions like, for examgptesearcher

(c) Thesystemitself, adopts equally a role observerwhen it takes into account the analysis
results so as to produce automatically messageardewstudents or even to adapt the learning
environment, offering an alternative, enriched riftee or adapted resources. This last case, of an
enriched interface corresponds to a specific fodaweloped by Reyes & Tchounikine, 2005,
which offers a complementary and alternative imteef (superposing a chronological vision with a
vision by trees), taking into account the interaasi taken place.

Besides these three basic distinctions of the BAstaisers, it is important to mention a related
recent and promising tendency. Researchers haweatad the importance (Dimitracopoulou et al.
2005; Marcoset al., 2004) of designing IA tools addressedntailtiple human userdaking into
account theidifferent profiles(students, teachers, researchers), or even difégrent roles For

instance the IA tool ‘DIAS’ (Bratitsis & Dimitracaqulou 2006, 2008) (figure 4) offer an important
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number of IA indicators (about eighty), so as tpmut students, moderators of an asynchronous
discussion forum, as well as administrators andarehers. This is possible, by the design of a
customisable and optional IA tool allowing expeded users to: (a) choose the sets of indicators
that are appropriate for a specific context andnieg scenario; (b) adjust them, defining
appropriate values norms or visualisation modesiil&ily, another promising idea is to create
diversified sets of indicators, according to thiesoof the participants (pre-established or emergin

during the learning activity) (Marca al.,2004).
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Figure 4. 1A tool ‘DIAS’ for forums (Bratitsis & Dimitracopdou 2006)

The status of IA tools

The actual IA tools can be distinguished in thragegories of their attributestatus,regarding
their relation to the learning environment of whitte interaction data are analysed. They can
constitute an ‘integrated component’ to the leagnémvironment, a ‘component linked’ to it, or

even an ‘independent IA tool'.
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(&) A component integrateth the learning environment that often can be verytéich offering
just a simple functionality (e.d?HPbb that offers some indicators such as « number of
participants per day”) or a little bit more elaktera

(b) A component linkedo the learning environment that often constitid@selaborated IA
component. It is the case of Aralytic tools» (Teplovset al.,2007) (Figure 3) linked to
the system of asynchronous collaboration ‘KnowleBgeum’, or the separate component,
called «Activity Analysiss® (Petrou, 2005) linked to the MODELLINGSPACE»
(Dimitracopoulou & Komis, 2005) (a modelling envimoent for individual use as well as

for synchronous collaborative use) (Figure 5).

Annotation of the agents
inserted and modified the
corresponding node.

Figure 5. “Activity Analysis” IA component of “MDELLINGSPACE’: Snapshot of “Annotated
Playback” sub-tool (Dimitracopoulou & Komis, 2005)

(c) An independent IA tooln principle, is able to exchange data with digfetr technology

learning environments usually of the same cate¢eny. modelling systems, forums, etc).

! The IA tool “Activity Analysis”/MODELLINGSPACE includes IA subtools for offline use as well asngo
functions for online use. Among those for offlinsey the “Statistics overview” offers simple qutative
indicators regarding the participation of each atodirator, while the “Annotated Playback” (see Figaj,
offer the possibility to watch in a video-like modethe whole synchronous collaborative sessiorilevthe
annotation of the authors acting in the learningrenment (who had the initiative to insert an gntivho
has modified it, who has deleted it etc) is inggrte
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It is the case of IA independent todDIAS” (Bratitsis & Dimitracopoulou, 2006, 2008)
(Figure 4) that can be connected to different fauof asynchronous discussion. The
interaction analysis output (the values of caladaindicators) are displayed in a specific

space, different to the learning environment irstesf

The model of interaction produced by the IA tool

The main general aim of an IA tool, regarding tlotivities in a learning environment, is to
produce an overview ‘figure’, but also a detailetepof the interactions taken place, so as to
support participants reflection and regulation @fregulation of their actions. This figure, mone o
less complete, can constitute a kind of model ¢éraction. We can distinguish three levels of
« expressiveness of the models produced by the IA tools.

(a) Low level the corresponding tools produce a limited numifemdicators not connected
between them. It is often the case of the integratenponents of IA, included in specific learning
environments.

(b) Intermediary levelthese tools offer a coherent but often partidlo$endicators. Usually,
they analyse just an aspect of interaction. A ataristic example of this model expressiveness
level is the analysis resulted by the IA tool ud#d in the learning environmebéegree(Barros &
Verdejo, 2000), which produces a coherent setaeéltd the quality of collaboration, represented

by the composite indicator “collaboration” (Figuge
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Figure 6. Model of intermediary level of expressiveness prediby the incorporated interaction analysis
component of the system ‘Degree’ (Barros & Verd2jf)0)
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(c) High level corresponding to models that integrate sets bémmnt indicators, for a series of
different aspects of interactions (e.g. cognitigecial, affective aspects) as well as activity
products.

This categorisation represent the actual stateeséarch direction that is still in emerging
process, and where there are not yet IA tools @bfgoduce a complete figure of interaction, and
so to feature a high level of expressiveness optbduced interaction model.

Besides the « expressiveness » of the models peddog the IA tools, another qualification
that we could define is thepower» of these models. The power of IA output modgleelated to
the interpretative value of the indicators. Mosttleé actual IA tools produce indicators of low
interpretative value (percentage of participatiparcentage of answers to messages, etc). A few
tools propose indicators of a high interpretati@aue (e.g. the indicator «collaboration quality»,

Figure 6; Barros &Verdejo, 2000).

THE USE OF IA TOOLS

However, what are the actual usages of these I52ddow do the users profit from them and
what is the effect of their usages?

The kind of usages may differ according to the sigmofiles and roles into a learning situation,
the objectives, the features and the structurbetdarning activity, as well as the activity cotite
However, we could present some indicative exampletecision making by the users of IA tools
that are present in the actual related literaturaying aside the specific usages of 1A tools by th
administrators and the researchers, as well ag thiothe artificial agent systems, we will refer to
the usages of direct or indirect human participaritsechnology based learning environments,
namely the students and the teachers or moderat@n,educational context.

Regarding students, one of the main reasons ofiskeof IA tools, is to support them to be
aware of their own functioning, as well as the fioring of others collaborators or participants (of
a group, groups or community) in a social contéxis about to reflect on the visualised ‘model’,

taking also into account their own representatiforesned during interaction and then activate
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meta-cognitive operations, so as make decisionseatithations, and if it is necessary to adjust
their behaviour or to accomplish new, differeni@ts and activities, in order to selfregulate their
own functioning and/or to influence the regulatioh the group or the whole community.
Regarding teachers or moderators, one of the neaisons of their use, is to become able to create
an overview ‘figure’ of the interactions among thetudents, and some detailed underlying
aspects, allowing him/her to regulate their everntarventions or to estimate students’ evaluation
(as individuals or as groups), as well as to supghem to be aware of their own functioning, when
they participate or intervene in a learning sitmmti

Even if there are not yet an important number ofgund research studies, able to identify the
instances of observation of IA tools outputs, oerebetter to capture the indices of ‘awareness’
and the regulative or selfregulative decision mgkimsers’ actions, however, a spectrum of
different usages and corresponding regulative mstibas already been reported. Based on
references related to IA tools that report an expemtation of an IA tool with real users, we can
present an overview of these.
(I) 1A tools usages by students and decision makiegteff

(a) Regulation of their actions related to: (al® degree and mode of participation; (a.2.) the

orientation of the activity

(b) Regulation of the activity process
(1) 1A tools usages by teachers or moderators and aecimaking effects

(a) Decisions on the moderation tactics to undertak

(b) Evaluation of students

(c) Selfregulation of moderation strategies.
It is to be mentioned that the reported usages:

(i) are registered regardirié\ tools of various statudor instance, a simple IA tool integrated

to a distance learning platform, a component linkeda modelling environment, an

independent IA tool, connected to a forum of asyobus discussion, etc.;
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(i) seem to enricha variety of learning environmentgsimulation game, modelling
environment, forum, asynchronous collaborationchyonous collaboration, file exchange
system, platform of distance education etc.)

(iif) concerndifferent populationgstudents of primary school, secondary schooluniversity;
teachers of secondary education, professors iretsity, moderators in a community, etc)
and context of usagehl just a few cases, studies are reported comgethe usage of the

same |A tool by both students and teachers/modwstato

(a) SNA course B: 1% week

(b) SNA course B: 8" week

Figure 7. Social Network Analysis diagrams of a group (Hilais & Dimitracopoulou, 2007)

() 1A tools usages by students and decision madffegts:
(a) Regulation of their actions
(a.1)Regulation of their own actionggarding the degree and mode of participation {@oc
cognitive aspectsyost of the published cases studies report thattirations of regular usage
of 1A tools, when the students ascertain that tleim level of participation (in social
environments) is low in comparison to other papteits, they tend to increase their
corresponding percentages, by acting more (e.gd®rting entities in a shared space, posting

messages in a forum, writing in a chat), Nakahaal. 2005; Vassileva et al. 2004; Bratitis &
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Dimitracopoulou, 2006. Similarly, in the case ofligtance learning training program for in
service teachers, where the ‘students’ had acoesy &eek to the Social Network Analysis
(SNA) diagram (Figure 7) representing e-mail interactions in fitzene of their course group
(Hlapanis & Dimitracopoulou, 2007), most of thesadents had increased their participation
in being reactive in e-mail messages, as well adisg more messages to their mates (and not
only to their ‘teacher’). The same students hage abnfirmed their changes in behaviour via
questionnaires, as well as during interviews. tbide noted that some researchers report also
that an increase of the participation may appednout an improvement of the quality of
interaction (Cheng & Vassileva 2005, Bratitsis dbidnitracopoulou 2006, Zumbach et al.
2005); this finding provides implications for thead to produce and visualise a number of
complementary indicators (both on the quantity gredquality of participation), so as to avoid
this kind of phenomena.
(a2) Regulation in the orientation of the activitggarding its content (cognitive aspects)
There are very few cases involving indicators witiderlying content analysis (mostly due to
the embryonic state of automated content analys®)ever, it is possible to report a case,
concerning the tooli*‘Be€ (Mochizuki et al. 2005), where the correspondindicators are
calculated via keywords. The researchers repaséesavhere the students had identified
common points of discussion (in a forum) into mgssaposted by other students, something
that incited them to identify, read and re-read twresponding messages in order to
communicate with these students having commonesteror points of view. Another case, of
the same sample has pointed out instances wherstuldents regulate their discussion on
topics that merited to be continued even if they been dropped out without concluding.
(b) Regulation of the process of the activityn cases of learning activities structured in a
number of phases, it is often needed to organidereanage the process of such an activity.
University students, in a context of forum discassduring three months, reported that

some indicators (e.g. the “Relative Activity indiod, -Figure 5.b-, or the “Time Read

2 The SNA diagram is based on two indicators “NetwDgnsity” and “Centralisation”; however a common
user can easily distinguish by the correspondiraplyr(see Figure 7) for instance: the members obapy
that are isolated, from the members that interdttt @thers, undertaking even a central role inrteevork.
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Indicator” -Figure 8.a-Bratitsis & Dimitracopoul@06) helped them to identify periods of
a participation peak, while in other cases to ifigtihe end and/or the beginning of effective

phases; instances that could lead them to deciée whd how to act
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(a) Indicator « Time Read messages » (b) Indicator «User Classification»

Figure 8. IA tool « DIAS »: Examples of composite indicat@satitsis & Dimitracopoulou, 2006 ; 2008)

(1) 1A tools usages by teachers or moderators and aecimaking effects
(a) Decisions on the moderation tactics to undestak
Forum moderators inspect regularly the indicatelated to the ‘branches’ of the discussion
trees, so as to intervene if necessary in ordassoire a minimum number of discussion depth
for some discussion questions, in a case of distanarse in university (Gerosa et al. 2005)

(Figure 9). In a similar way, when in the examptdayum moderation, the categorisation of

% (a) “Time Read Messagemdicator of DIAS IA tool: The vortices represemj messages are colored,
according to the time User X has read the corredipgnmessage. Unread messages are colored black,
whereas messages written by User X are represbytsohall rectangles. If User X has read a message m
than once, then the corresponding vortex or ret¢aisgbigger, with the number of readings adjaderit.

On the lower end of the diagram, a gradient colfar shows the time period correspondence. Thisatdr
shows in detail a user’'s extend of embroilment with discussion forum and whether User X is active

mostly in earlier or later phases of the discussictivity.

(b) “User Classificatioh indicator of DIAS IA tool: the X-Axis represenhé amount of contribution
(messages written as a percentage of the total @uoflmessages) and the Y-Axis represent the anwfunt
Interaction (messages read as a percentage of/#tilalde number of messages) by a user. Both Ares a
scaled from Low to High.



18 [IMITRACOPOULOU

types of messages is activated, the corresponddigators seem to help the moderator to have
a quick look at the process of discussion. For gtamf a discussion ‘branch’ include only
“argumentation” messages without ‘confrontation’esn(situation not favourable in the

practice of argumentation process), he/she intes€Rratitsis & Dimitracopoulou, 2008)..

Figure 9. The indicator « Discussion Depth» representedisgudsion branches in different periods of time,
related to a forum of a distance university coyfSerosa et al., 2005)

A set of complementary indicators seem to helpntioelerators to identify individuals that
try to appear active or very active without a sfigaint contribution; in fact trying to cheat the
IA tool (Chen & Vassileva, 2003; Bratitsis & Dingitopoulou, 2006). Similarly, the
moderator can identify students that act only ateéhd, without being active during the whole
process (Gerosa et al. 2005), (Bratitsis & Dimibyaaulou, 2008) (for instance via the “Time
Read” Indicator, Figure 8.a). Furthermore, modesatre usually involved in managing the
process of activity, including the group formatidime coordination, etc. So, inspecting quickly
the indicators, they can also identify students wdicee initiatives and have high quality of
participation, so as to designate them for undértpkhe role of coordinator during a phase
(for instance to prepare and propose a summaiy sgnthesis of points of views) using among
others high interpretative value indicators suchlaser Classification Indicator” (Figure 8.b)

(Bratitsis, & Dimitracopoulou, 2006).



INTERACTION ANALYSIS FORSELFREGULATION 19

(b) Evaluation of their students

The evaluation, in principle, could be applied eitim individual or group level. Concerning
the summative individual evaluation there are nett tpols that could support it completely,
while researchers work intensively towards thigction (Hamilton & Hurford, 2007). Partial
support we can see in the context of a distanceewsity (Gerosa et al. 2004). Another
example of partial evaluation (regarding collab@ratquality of an individual) we can see in
the work of Barros & Verdejo, 2000), provided byigh level indicator called “collaboration
quality”. In fact, the main actual purpose of 1/t is to provide to teachers synthetic view(s)
of the interaction and the activity, where they agat, at a glance, an appreciation of the
situation of an individual or of a whole group.

(c) Selfregulation of teachers or moderators strategied tactics

Concerning the self-regulation of teachers/modesasirategies or tactics, it is useful to
distinguish two situations. The selfregulation tma&y occur during the evolution of the
learning activity (in fact on-line) and the onettltauld evolve afterwards (e.g. offline). For
instance, in the case of synchronous collaboratitwere a moderator or teacher intervenes, the
available indicators seem to help him/her to superthe activity and in the same time to
choose an alternative intervention, when obserkiatithe previous one was unsuccessful (e.g.
leading in an impasse), (Petrou, 2005) After aiviigtphase (of a session or even a week),
research has captured instances where teachersdeaigied that their mode of intervention
was for instance very directive, or in contraryattthere was a lack of intervention and so to

reflect and express the need to regulate it, iaxt phase.

RESEARCH ROADMAP

During the last three decades, while the fieldnddimation and Communication Technologies

in Education made significant progress, the comedmg scientific community has focused on

the design, the evaluation and the implementatforechnology based learning environments as

well as on the understanding of the learning preegesThe new research direction on IA for the
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support of selfregulation, proposes that the desfgearning environments should not be limited
to the basic means of action and communicatioahdiuld also include the means of analysis of
very complex interaction that occur, when the stsl@ct in individualised (stand alone) or in a
social mode. These means of analysis and thespmneling new functions are necessary, for
allowing the participants to regain partly the eohof the activity, while being supported in their

mental operations of metacognitive processes, dagathe evaluation and selfregulation of their
own activity. On the other hand, observers of thas@vities should attain the means for

observing, understanding and interpreting the meegthat take place.

The consequences of this new research directiortt@nthnovation that is introduced require
that the designers of technology based learningr@mwents conceive from the outset of design
process, the appropriate functionalities, the IMponents or even better, the related independent
IA tools, able to offer the necessary support.

It should be noted that the direction of reseanchi/ support for selfregulation is actually in
an emerging state. In order to reach its promigesresearchers working on this area, as well as
the new researchers attracted by the presentiegestt have to work on a series of underlying
research dimensions: (a) The Design of IA Indicatand IA tools; (b) the Development of 1A
tools, (c) The Investigation around the usage e$é¢htools by the users and the effects that may be
brought about. Subsequently, the main aspectseolitiderlying research will be indicated and

discussed in regard to these three main dimensions.

(A) Design of IA tools

A central feature of an IA tool is the IA indicasothat it produces and thgowerregarding
their interpretation value. There is a need to poedappropriate and significant IA indicators, and
in order for this to take place, researchers havevdrk in a profound way on the underlying
aspects.

First of all, there is a lot to do, in order to guge: cognitive indicators that analyse in a

sophisticated way both the process and the proadicte activity (the last one need to progress in
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the area of automatic content analysis); indicabdérsocial nature, where researchers have to work
more so as to make emerge and represent the agpagrisup cognition processes; indicators of
affective nature that must be explored in a morstesyatic way, during the next years
(Dimitracopoulou, 2008). Moreover, it is importaatbear in mind that there might be a significant
difference, among the indicators that we calcublaith respect to those that have a pedagogical or
psychological significance, and to those that arefact capable of activating metacognitive
processes to the participants in technology basadhing activities. These three perspectives are
not necessarily identical.

Finally, a determinant aspect is that of visuaiisa. When these visualisations simultaneously
incorporate a number of indicators, could allowce@ring at a glance a global figure of the
interaction. In addition, the usage of metaphorgdépresenting the values of indicators can offer a
significant frame for the simultaneous represeotatif calibrated values of multiple indicators.

Concluding, the conception of tools offering a modkinteraction of a significant level of
‘expressiveness’ is imperative. This entails thatdeis should be appropriate for activating
metacognitive processes. The indicators involvexlkh at the same time, correspond to multiple
points of view on the interaction data (regardiagious individuals and groups). They should also
be calibrated (according to the specific learniitgasion, pupils, and context) and visualised in a

powerful mode.

(B) 1A tools Development

According to the previous discussion regarding ‘gtatus’ of the current IA tools, actually,
there are mainly some basic functions of automatttaction analysis included into the learning
environments, as well as some components linkeghéaific learning environments. An idea that
could help to diffuse rapidly the usage of IA tofis the support of selfregulation, could be to
develop IA tools independent from specific learniegvironments. In fact, we could turn our
attention to the design and development of |A toiblat are appropriate to the various categories of

learning environments (e.g. for forum, modellingrieonments, simulations, etc). However these
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independent IA tools, would have to satisfy, simoéiously, two requirements: (e
interoperable, which means that they would be connected to a wiagege of learning
environments; (bbe customisablenvhich means that they will allow their users tmase the sets
of IA indicators, most appropriate to a specifiart@ng situation.

With the aim of developing interoperable tools, upe of researchers have started to define
formats of standardised data, for different collalbwe and social environments (Harrer et al.

2007; Harrer, Martinez-Mones, Dimitracopoulou, negs).

(C) Investigations oriented to the Users of 1A $ool

It deserves to be stressed that not only the desmighdevelopment, but also the usage of IA
tools is actually recorded and can be announceteMer, it is obvious that researchers have to
work, as has already pointed out, on a more sapdistl level. We should also study the effects of
these new functionalities offered by the automak@d After the first period of superficial
experimentations, we should now distinguish betwtaencentral axes of investigation focusing on
the users of these IA tools, which need to addtlessfollowing: (a) The identification of the
‘requirements’, specified by the users themseleasthe design of IA tools; (b) The study of the
effects of the usage of IA tools by the variousimted users. What follows is a brief discussion of
these two axes.

(a) Theidentification of the users’ specifications, on thesign of IA toolsit is about knowing
and taking into account the users of the IA toats] studying the visibility and the readability of
the included visualisations.

First of all, what is needed is tmetter know and take into account the usétentify their
needs and interests (i.e. which IA indicators thegd, which types of usage they wish to have
during the various learning situations and setjingsaking into account the profile and the role
of each user, the type of activity as well as thpliaation context, different sets of indicators or
different visualisation modalities of the same aadors could be less or even more appropriate, to

those users.
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There is also a need to kndww the users decode the visualisatipngduced by the 1A
tools. There are very few studies that have identifidtetiver and how the users decode the
information underlying the diagrams of indicatovsiriation. Are the users able to decode the
information that the designer had in mind? Do tdegode all the information or just a part of it?
Moreover, what is the meaning of the indicator @picaccording to the userd¥hat is needed
in particular is the identification of eventual gdpetween the intentions of the designers and the
interpretations of the users themselves.

b) The study of the effects of IA tools usagdsere is a series of underlying investigation
questions:

How do the users use the IA tools? When do thethese?We need to have more data from
natural contexts of usage, taking also into accdhet dominant culturels there a culture
propitious for self-evaluation? Is there a cultugopitious for the respect of common
deontological and ethical rules, assuring an appiae (and not disguised) usage of IA tools?

What are the effects of the usages of IA tools?Heg affect the learning process? Do they
affect the process of monitoring or teaching? Deytlactually support the process of reflection
and self-evaluation? Do they actually help the astr develop self-regulation competences?
What is needed is to study in a more profound way modes by which the IA indicators
influence the reasoning and the behaviour of trersuffor instance, via direct observations, as
well as interviews during or just after the funaiing). These effects have also to be studied in

longitudinal way and not only in one or two session

CONCLUDING STATEMENTS

In this paper we argue th#te design of a technology based learning Environinmaust
concern not only the components and the functiogterohining how to act, but also those
supporting how to manage the actions and the iatéras; thus, insight into how to empower
participants to control, regulate and self-reguldtesir own activity designing and developing in
this way enriched learning environments. Finalljhatvis proposed is tha&very high interactive

learning environment has to be linked with an IAponent or tool
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The IA for self-regulation research direction isllsat an early phase of development,
nevertheless presents an impressively intensiveithrdts potential is attributed to the fact that
even simple IA tools could be effective.

It is to be noted that these new requirements @taken into account by the designers in a
complementary mode with the two other pre-existigpmated interaction analysis approaches:
the one of adaptation of the learning environmtselfi (see adaptive systejrend that of students
or even teachers’ guidance by the system, viappécation of artificial intelligent techniquek
fact, researchers could design future systems, evhtbe IA tools could be addressed,
simultaneously, tonultiple human and artificial user§Ve could imagine more complete learning
environments, where the IA tool could be used m shme time, by the student, the teacher, as
well as the system. The human and artificial usédé\ tool could take up complementary roles,
while the control of the activity is distributed &l the involved actors. For instance, the stuslent
are supported by awareness functions, able toaetimetacognitive and selfregulating operations;
the teachers being supported by supervision anderatidn functions; while the system is

supported by functions of intelligent help and a@d#pn (figure 10).

’—b

Figure 10. Vision of locus of activity control distributed tt actors (humans and artificials)
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