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Abstract

The integrated use of information and communication technologies has
boosted the adoption of a new generation of collaborative learning
I LILINBF OKSa® | yRSNI GKS dzYoNBtfl 02y 0OSL
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pay growing attention to efficient, effective and satisfying ways of working
and learning together. It has been argued that collaboration in itself does
not result in learning. Building on evidence obtained froaditional face
to-face collaborative learning, a series of studies have been set up to
develop effective and efficient collaboration set up that result in higher
levels of knowledge processing and learning performance. Key
characteristics of successful C8€signs build on small group size, clearly
structured group tasks, scripting, role assignment and reflective activities.
Empirical evidence will be presented that was obtained in the domain of
pharmaceutical, medical, psychological, and instructionenses.

Elearning: the promise

The integrated use of Information and Communication Technologies (ICT) has resulted in a
widespread implementation of-earning environments in higher education. Next to a
strong impact on higher education logistics amtirnistration , it is without doubt that the
educational impact can no longer be neglected. Laurrilard (2005, p.72) list the following ICT
tools and activities with a powerful educational capability:
internet access to digital versions of materiatgvailable locally
internet access to search, and transactional services
interactive diagnostic or adaptive tutorials
interactive educational games
remote control access to local physical devices
personalized information and guidance for learning support
simulations or models of scientific systems
communications tools for collaboration with other students and teachers
tools for creativity and design
virtual reality environments for development and manipulation
data analysis, modeling or orgaation toolsand applications
electronic devices to assist disabled learners
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tradition in higher education to foster collaboration between students and teachers. But,
the research literature is not univocal when discussing the impactfoel NJ/ Ay 3d h Qb SA f |
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continue their conclusions by pointing at severe threats-tdaning when it omes to the
SRdzOF GA2y Lt o0SySTAlay aiKS ONBFGA2Yy 2F az2dz/R
completely and activities constructed service the technology rather than student or learner
LINEINBaaA2y 2NJ I aaz oAl A 2ufepiarticleturdSrpinshié S NOK L.
statements of the latter authors, and analyses in adépth way the assumptions related to
the potential of collaborative learning. It present an overview of a series of désiged
research studieg set up in a higher edation context- that help to develop and support
evidence based practices that build on computer supported collaborative learning. Most
studies presented in this article build on research involving psychology and educational
science students (first year 8zelor), fifth year pharmacy sciences students and seventh

year medical students.
CSCL.: theoretical assumptions as to its cognitive benefits

In the context of the present article, we focus in particular on the cognitive benefits of
collaborative learning as it is integrated into mosdtarning environments in higher
education: in what way and to what extent does CSCL foster academic perf@nidms
does not neglect the abundant research literature focusing on other benefits, such as impact
on motivation, seHO2 y OSLIJi = RS@St 2LIv¥Syid 2F &a20Alf O2YLS
Slavin, 1005). Next to academic performance, we will especiallgdgat 2 y & f SOSt & 3
O23ayAGADGS LINRPOSaaAyae a (GKS 1Se RSLISYyRSyd oIt
the internal processes that are reflected in the transcripts of collaborative works of learners.
There is a variety of models and analysis schetaestudy these levels of cognitive
processing (see De WeveBchellensYalcke& Van Keer, 2006 for an overview). High levels
of cognitive processing are conditional to attain high achievement.

A key issue in view of studying the impact of collabegatearning is to understand the
theoretical base that helps to describe and explain why collaboration has an impact on the
individual learning process. Laurillard (2005) refers to conceptual frameworks from a variety
of authors that are presented to grodrthe benefits of dearning: for instance, inquiry
based education (Dewey), constructivism (Piaget), social constructivism (Vygotsky),
RAAO2OSNE fSIENYAY3I 6. NUzy SNU = Odasatifebibiigli A 2 v
(Schank), deep learning (Martors>. [ | @-&QiuEal learitg XLAve & Wenger). But most
studies refrain from an halepth description how these theories explain or at least described
how the collaborative setting influences individual learning. Figure 1 presents such an
attempt. It isbased on the information processing theory for learning (based on Schellens &
+ £ O01ST HAnncO®d ¢KS LIAOGI2NE YIF{1Sa Of SN GKI
This task or information is picked up via sensory memory (read, heard, lookedat is’
selectively sent to working memory. In working memory the selected information is
processed (cognitive strategies such as comparing, combining, abstracting, exemplifying,
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This will result in the development of cognitive schema that are stored in LTM. Itis
hypothesized that the collaborative settimgepresented in Figure 1 with the CSGill
support the individual information processing activities because:
- information in the environment can be processed by peers anesprectured, so
that they are better accessed by the individual learner;
- peers can present from their LTM other prior knowledge that can inspire the learner;
- the cognitive strategies of thadividual learner can be reinforced by cognitive
strategies of the peers;
- other perspectives can be presented by the peers, resulting in a richer information
base to process;
- X
Many ¢ especially the social constructivisauthors stress the potential afxchanging,
AKIENRAY3IS X AYF2NNIGAZ2Y AYy | O2fftl 02N dABS
information becomes pretructured, reflects multiple perspectives, is commented upon,
and is hypothesized to be more readily accessible by peers. This assusgdbr instance
essential in the cognitive flexibility theory of Spiro, Feltovich, Jacobsen, and Coulson (1988).
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Figure 1: Information processing model in the context of collaborative learning.
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Figure 1 introduces at the same time a set of poteritie¢ats to individual cognitive
processing in a collaborative setting. Firstly, much depends on the level of prior knowledge.
Novices; new to a specific knowledge domajwill hardly be able to link new information

to schema in their LTM. Secondly, ttegacities of working memory are limitedayer
(2001) links the limited capacity of working memory to the concept of cognitive load
(Chandler & Sweller, 1991; Sweller, 1988; Sweller & Chandler, 1994). Whereas the capacity
of long term memory is unlimitedhe working memory (short term memory) is limited in
the extent it can process a number of chunks at the same time (Miller, 1956). Sweller and
Chandler distinguish between different types of cognitive Idattinsic cognitive loads
intrinsically linkel to the complexity of the information being processed, and cannot be
prevented; this limitation reflects the earlier remark about the problems novices can
experience in a CSCL settirigermane Cognitive loaitientified bySweller, van

Merriénboer & Paag1998) refers to the cognitive load related to the construction of

cognitive schema. It is this type of cognitive load that we should foster and support. Lastly,
the authors distinguiskextraneous cognitive loatthat has a very negative impact on the
abilities of learners to process information. This cognitive load results from the way learning
materials or tasks have been presented. Paas, Renkl & Sweller (2003) give a variety of ways
to reduce the extraneous cognitive load and promote germane cognitaa [Bhey refer to
graphical representations of the content, and e.g., the use of multimedia (sound,
animations, 3D visualization).

In other words, the theoretical base helps to explain why collaboration can be supportive in
view of cognitive processingut also why the collaborative setting can hinder learners to
attain a higher academic performance level. This theoretical elaboration clearly illustrates

that empirical studies are needed to test the varied nature of the related hypotheses.

Collaboratiwe learning without ICT

Collaborative learning cannot be considered to be an innovative instructional strategy. Slavin
OMpdc I LI AE0 Llzia GKA& Ay GKS F2ft26Ay3 o6 &Y
Since time immemorial, teachers have allowsdencouraged their students to work
together on occasional group projects, in group discussions or debates, or in other kinds of
g2N] 3IAINRdAzZLJA 2NJ LISSNJ Gdzi2NRyYy 3 Rel Rad¢ W2 Ky a 2
G¢KS NBASI NOK 6 ity and & generaljzabifitgrar&yNaamdfin thé sotial
a0ASyO0Sad¢ 20K {EFQOAY omdpcO YR W2KYyazy :
studies focusing on collaborative learning. Their rretalyses are very clear as to the high
potential of collaboative learning, but at the same time, the authors also indicate that
collaborative learning does not automatically result in a positive impact. Johnson & Johnson
OMpPPMI Libncn0 adzYYFENART S (KA& & F2ftf26ayY a! a
aprocess of putting students in groups and setting them loose to work on an assignment
together. Oftentimes, our students will be more accustomed to competitive and
individualistic classroom situations than they are to work cooperatively with their
classmées. For a cooperative activity to be successful, we must structure the activity in such
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a way that cooperative learning is not only helpful for academic success but in fact even
ySOSaal NE F2NJ A

On the base of their metanalyses, these authors havetected a number of guidelines
that should be taken into account when setting up collaborative or cooperative learning
activities. Figure 2 presents an overview of these preconditions. We fasusn example
on two of these preconditions. Twobase ¥y RA A2y a aidNBaa (KS yS¢
AYGSNRSLISYRSYOSQ YR WAYRAGARdzZEf | OO02dzy (il 0Af
team members need each other to succeed. Individual accountability refers to the
measurement of whether or not each group memtiet & | OKAS@SR (G KS 3INR dzLJ
literature also presents concrete suggestions to guarantee the implementation of the
guidelines. In relation to positive interdependence, they refer to specific strategies, such as
presenting challenging tasks, whichvstizf | 4§ S f SI NYSNEQ AYGUNRYyairAO Y2i.
skills (Cohen 1994), assigning the group a clear, measurable task and finally blending positive
goal interdependence with other types of positive interdependence (Johnson et al. 1998). In
relation toindividual accountability, authors advise to keep the size of the groups small, to
present individual tests to each student or control for understanding, and to observe each
IANRdzL) ' YR 3INRdzL) YSYOSNIJ YR 1SSL) iNYK] 27F adid
assessing both the quality and quantity of individual contributions (Johnson et al. 1998).

4 N 4 N\
Johnson & Johnson, Slavin,1996,p. 12
1996, pp. 1030-1035
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Figure 2: Critical conditions, guaranteeing a positive impact of collaborative or cooperative
learning.
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The list of preconditions also indicates tltgin order to foster productive interactions in a
collaborative setting; there is clearly a need for student assistaricezponder, Wilhelm, &
Ootes, 2003

Collaborative learning with ICT: Computer Supported Collaborative Learning

The former implies that claborative work in an ICT setting will inherits automatically the
potential but also the critical preconditions set above. Though avaitaskarch already
identified a positive and significant impact of CSCL on, for instance, knowledge construction,
current CSCL studies have moved to a new strand of research (Schellens and Valcke 2002,
2005). Current research especially focuses on the identification of key variables that account
for the impact of CSCL. Therefore, current studies about CSCL have mowed they
question of whether collaborative learning is effective and focuses now on the conditions
that define the efficacy and efficiency of CSCL. Moreover, since CSCL does not systematically
produce positive learning outcomes (Dillenbourg 2002, Locklebrat 2002), the
reorientation is helpful to shed light on possible explanations for the lack of a positive
impact in some CSCL studies.
In Figure 3, we see an outline of a discussion thread in an asynchronous online discussion.
The outline of thediscdsA 2y LI Ay ida 2dzi GKFIG LI NG 2F GKS
means that group members simply submit their messages without reacting to one another.
l'y20KSNJ LIFNI 2F (GKS RAaOdzaaArzy GKNBFR A& Y2NE
process. Laaers react to one another and this results in a jagged discussion thread.

) HBPEDAO3000003 - Minerva - Mozilla Firefox =)
Bestand Bewerken Beeld Geschiedenis Bladwizers Exta Help

@ . . & s

3 Ca 2 htor/, va.ugent.| .php2fo > ] G-
Terug Vernieuwen Startpagina

L] — & L} Start vor owk
Bladwijzers Afdrukken Geschiedenis
Structuur

\ Keer 2007-03-07 17:27:00
-k 2007-03-09 13:41:24
re 2007-03-12 14:54:37
-k 2007-03-12 16:24:15
¥t 2007-03-13 10:29:14
m 2007-03-13 18:30:50
007-03-13 22:57:47
007-03-14 14:20:34
r12007-03-13 20:22:47
12007-03-13 20:33.09
*k 2007-03-14 17:05:16
¥12007-03-09 15:13:01

007-03-10 14:26:25
007-03-11 11:44:50
007-03-12 17:14:14
007-03-12 18:10:22
007-03-11 12:50:15
¥t 2007-03-13 21:28:51
¥t 2007-03-13 21:48:24
k 2007-03-14 18:06:41
>n 2007-03-16 12:49:33
he 2007-03-14 20:57:00
yt 2007-03-15 12:51:42

o

007-03-15 17:35:59
007-03-15 17:07:54

007
k 2007-03-16 20:14:16
s 2007-03-17 11:43:26

ey
“# start

CAIdNB HY 5Aa0dzarzy GKNBFR 2F | LI NIf&a a7t

The former figure is but one example that illustrates how different collaboration can be in
online discussions. Already at the onset, researchers such as Henri (1994) pointed out that
CSCL easily leads to less efficient and effective learning processes.
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Figure 4 gives a structured overview of potential variables and processes that are expected
to play ag¢ mediating of conditional role in a CSCL setting. It is striking that a large number
of these clearly reflect the preconditions as they are listed in Figure 2.

_____________ i
: Learner ! Student n Student Z
I characteristics : -
| - Learning style R 2 Student Y
1 - Study approach, . N Q@ -
: - Preferences learning r v Student X
1 environment : ‘ 9
: - Cultural background ‘ LTM
1 - Tutor support : = (Schemas)
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Figure 3: Processes and variables that are expected to play a conditional atingeddle in
CSCL

In the remainder of this article, we review a series of empirical studiescthstp-by-step¢
centre on subsets of these conditions or variables.

Characteristics of the collaborative group

Group size is often discussed as a critical variable. What is the most optimal group size? In
faceto-face groups, it is clear that small groups are to be preferresl Boup members),
but does the same apply to CSCL? To test the differential impgobup size in a CSCL
aStiAay3az + t+FNBS aoltS aiddzRe gl a oFlaSR 2y
first year program for psychology and educational sciences (Schellens & Valcke, 2006). All
first-year students (N=850), registered for tiisredit course could next to the weekly
faceto-face sessiong opt for participation in formally organized online discussion groups.
After one trial session, over one third of the students opted for further participation (n =
300). These discussionogips worked in 38 different discussion groups on six subsequent
discussion themes, during 4 months. The transcripts of the complete discussions of nine
groups were selected: three smaller groups (n = 8, 9 or 10), three average size groups (n =
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11, 12 or B participants) and three large groups (n = 15, 17 or 18 participants). All the
communication submitted in relation to the second, fourth and sixth discussion theme was
used for analysis purposes. All messages were coded by three independent codesBneefle
an inter rater reliability of .88 to .99. Two coding schemes were applied: Fahy et al., (2000)
and Veerman et al., (2001). Both models represent a taxonomy of processes that build one
upon the other.

Figure 4: Levels of cognitive processing adiogy to

The differential impact of group size is clear. Table 1 Clearly show that we observe the
highest proportions of high level cognitive processing in small group (8 to 10 participants).
Subsequent studies confirmed this empirical result.




