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Abstract 

 

The integrated use of information and communication technologies has 

boosted the adoption of a new generation of collaborative learning 

ŀǇǇǊƻŀŎƘŜǎΦ ¦ƴŘŜǊ ǘƘŜ ǳƳōǊŜƭƭŀ ŎƻƴŎŜǇǘ ά/ƻƳǇǳǘŜǊ {ǳǇǇƻǊǘŜŘ 

/ƻƭƭŀōƻǊŀǘƛǾŜ [ŜŀǊƴƛƴƎέ ό/{/[ύΣ e-Learning approaches in higher education 

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 from traditional 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 CSCL-designs  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 instructional sciences. 

 

E-learning: the promise 

 

The integrated use of Information and Communication Technologies (ICT) has resulted in a 

widespread implementation of e-learning environments in higher education. Next to a 

strong impact on higher education logistics and administration , 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 materials unavailable 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 organization tools and applications 

¶ electronic devices to assist disabled learners 

 

²ƘŜǊŜŀǎ ǎƻƳŜ ƻŦ ǘƘŜǎŜ ŎŀǇŀōƛƭƛǘƛŜǎ ǎǘǊƻƴƎƭȅ ōǳƛƭŘ ƻƴ ǘƘŜ άƛƴŦƻǊƳŀǘƛƻƴέ ŎƻƳǇƻƴŜƴǘ ƛƴ L/¢Σ ŀ 

ŎǊƛǘƛŎŀƭ ƴǳƳōŜǊ ōǳƛƭŘ ƻƴ ǘƘŜ άŎƻƳƳǳƴƛŎŀǘƛƻƴέ L/¢ ŎƻƳǇƻƴŜƴǘΦ ¢ƘŜ ƭŀǘǘŜǊ ōǳƛƭŘ ƻƴ ŀ ǎǘǊƻƴƎ 

tradition in higher education to foster collaboration between students and teachers.  But, 

the research literature is not univocal when discussing the impact of e-ƭŜŀǊƴƛƴƎΦ hΩbŜƛƭƭΣ YΦΣ 
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{ƛƴƎƘΣ DΦΣ ŀƴŘ hΩ5ƻƴƻƎƘǳŜΣ WΦΣ όнллпΣ ǇΦомоύ ǎǘŀǘ ς based on a review of the research 

ƭƛǘŜǊŀǘǳǊŜ ǘƘŀǘ ά²Ƙƛƭǎǘ ǘƘŜ ōŜƴŜŦƛǘǎ ƻf eLearning are highly prophesized, the many 

ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ƛƳǇƭŜƳŜƴǘƛƴƎ ŀƴ Ŝ[ŜŀǊƴƛƴƎ ǇǊƻƎǊŀƳ ǊŜǉǳƛǊŜ ŎŀǊŜŦǳƭ ŎƻƴǎƛŘŜǊŀǘƛƻƴέΦ  ¢ƘŜȅ 

continue their conclusions by pointing at severe threats of e-learning when it comes to the 

ŜŘǳŎŀǘƛƻƴŀƭ ōŜƴŜŦƛǘǎΥ άǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ ǎƻǳƴŘ ǇŜŘŀƎƻƎƛŎ ǇǊŀŎǘƛŎŜ ƛǎ ƻŦǘŜƴ ŦƭŀǿŜŘ ƻǊ ƳƛǎǎƛƴƎ 

completely and activities constructed service the technology rather than student or learner 

ǇǊƻƎǊŜǎǎƛƻƴ ƻǊ ŀǎǎƻŎƛŀǘƛƻƴΦέ  ¢ƘŜ ǊŜǎŜŀǊŎƘ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ Ŏurrent article underpins the 

statements of the latter authors, and analyses in an in-depth way the assumptions related to 

the potential of collaborative learning. It present an overview of a series of design-based 

research studies ς set up in a higher education 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 Bachelor), 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 most e-learning environments in higher 

education: in what way and to what extent does CSCL foster academic performance. This 

does not neglect the abundant research literature focusing on other benefits, such as impact 

on motivation, self-ŎƻƴŎŜǇǘΣ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǎƻŎƛŀƭ ŎƻƳǇŜǘŜƴŎŜǎΣ Χ όǎŜŜ ŦƻǊ ŀƴ ƻǾŜǊǾƛŜǿ 

Slavin, 1005). Next to academic performance, we will especially centŜǊ ƻƴ άƭŜǾŜƭǎ ƻŦ 

ŎƻƎƴƛǘƛǾŜ ǇǊƻŎŜǎǎƛƴƎέ ŀǎ ǘƘŜ ƪŜȅ ŘŜǇŜƴŘŜƴǘ ǾŀǊƛŀōƭŜΦ ¢Ƙƛǎ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƴŀǘǳǊŜ ŀƴŘ ǉǳŀƭƛǘȅ ƻŦ 

the internal processes that are reflected in the transcripts of collaborative works of learners. 

There is a variety of models and analysis schemes to study these levels of cognitive 

processing (see De Wever,  Schellens, Valcke & 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 collaborative learning 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 ground the benefits of e-learning: for instance, inquiry-

based education (Dewey), constructivism (Piaget), social constructivism (Vygotsky), 

ŘƛǎŎƻǾŜǊȅ ƭŜŀǊƴƛƴƎ ό.ǊǳƴŜǊύΣ ŎƻƴǾŜǊǎŀǘƛƻƴ ǘƘŜƻǊȅ όtŀǎƪύΣ {ŎƘŀƴƪΩǎ ǇǊƻōƭŜƳ-based learning 

(Schank), deep learning (MartonύΣ [ŀǾŜΩǎ ǎƻŎƛƻ-cultural learning (Lave & Wenger). But most 

studies refrain from an in-depth description how these theories explain or at least described 

how the collaborative setting influences individual learning. Figure 1 presents such an 

attempt. It is based on the information processing theory for learning (based on Schellens & 

±ŀƭŎƪŜΣ нллсύΦ ¢ƘŜ ǇƛŎǘǳǊŜ ƳŀƪŜǎ ŎƭŜŀǊ ǘƘŀǘ ŀ ǘŀǎƪ ƛǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ άǘŀǎƪ ŜƴǾƛǊƻƴƳŜƴǘέΦ 

This task or information is picked up via sensory memory (read, heard, looked at, ..° and 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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ƻǊŘŜǊƛƴƎΣ Χύ ŀƴŘ ƭƛƴƪŜŘ Ǿƛŀ ǊŜǘǊƛŜǾŀƭ ŀƴŘ ǎǘƻǊŀƎŜ ǇǊƻŎŜǎǎŜǎ ǘƻ ǘƘŜ [ƻƴƎ ¢ŜǊƳ aemory (LTM). 

This will result in the development of cognitive schema that are stored in LTM.  It is 

hypothesized that the collaborative setting ς represented in Figure 1 with the CSCL ς will 

support the individual information processing activities because: 

- information in the environment can be processed by peers and pre-structured, 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 the individual 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;  

- Χ 

Many ς especially the social constructivist ς authors stress the potential of exchanging, 

ǎƘŀǊƛƴƎΣ Χ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ŀ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǎŜǘǘƛƴƎΦ 5ǳŜ ǘƻ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ ŜȄŎƘŀƴƎŜΣ 

information becomes pre-structured, reflects multiple perspectives, is commented upon, 

and is hypothesized to be more readily accessible by peers. This assumption is for instance 

essential in the cognitive flexibility theory of Spiro, Feltovich, Jacobsen, and Coulson (1988). 

 

 
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 potential threats to individual cognitive 

processing in a collaborative setting. Firstly, much depends on the level of prior knowledge. 

Novices ς new to a specific knowledge domain ς will hardly be able to link new information 

to schema in their LTM. Secondly, the capacities of working memory are limited. Mayer 

(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 unlimited, the 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 load. Intrinsic cognitive load is 

intrinsically linked 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 setting.  Germane Cognitive load, identified by Sweller, van 

Merriënboer & Paas (1998) 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 distinguish extraneous cognitive load that 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 cognitive load. They 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 processing, but 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.  

 

Collaborative learning without ICT 

 

Collaborative learning cannot be considered to be an innovative instructional strategy. Slavin 

όмффсΣ ǇΦ ƛȄύ Ǉǳǘǎ ǘƘƛǎ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿŀȅΥ ά/ƻƻǇŜǊŀǘƛǾŜ ƭŜŀǊƴƛƴƎ Ƙŀǎ ŀƴ ŀƴŎƛŜƴǘ ǇŜŘƛƎǊŜŜΦ 

Since time immemorial, teachers have allowed or encouraged their students to work 

together on occasional group projects, in group discussions or debates, or in other kinds of 

ǿƻǊƪ ƎǊƻǳǇǎ ƻǊ ǇŜŜǊ ǘǳǘƻǊƛƴƎ ŘȅŀŘǎΦέ  WƻƘƴǎƻƴ ϧ WƻƘƴǎƻƴ όмффсΣ ǇΦмлнмύ ŀŘŘ ǘƻ ǘƘƛǎ ǘƘŀǘ 

ά¢ƘŜ ǊŜǎŜŀǊŎƘ όΧύ Ƙŀǎ ŀƴ ŜȄǘŜǊƴŀƭ Ǿŀƭidity and a generalizability rarely found in the social 

ǎŎƛŜƴŎŜǎΦέ  .ƻǘƘ {ƭŀǾƛƴ όмффсύ ŀƴŘ WƻƘƴǎƻƴ ϧ WƻƘƴǎƻƴ όмффсύ ƘŀǾŜ ǎǘǳŘƛŜŘ ƘǳƴŘǊŜŘǎ ƻŦ 

studies focusing on collaborative learning. Their meta-analyses are very clear as to the high 

potential of collaborative learning, but at the same time, the authors also indicate that 

collaborative learning does not automatically result in a positive impact. Johnson & Johnson 

όмффмΣ ǇΦпспύ ǎǳƳƳŀǊƛȊŜ ǘƘƛǎ ŀǎ ŦƻƭƭƻǿǎΥ ά!ǎ ȅƻǳ Ŏŀƴ ǎŜŜΣ ŎƻƻǇŜǊŀǘƛǾŜ ƭŜŀǊƴƛƴƎ ƛǎ ƴƻǘ ǎƛƳǇƭȅ 

a process 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 

classmates. 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 

ƴŜŎŜǎǎŀǊȅ ŦƻǊ ƛǘΦέ  

 

On the base of their meta-analyses, these authors have extracted 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 focus - as an example - 

on two of these preconditions. Two basic cƻƴŘƛǘƛƻƴǎ ǎǘǊŜǎǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ΨǇƻǎƛǘƛǾŜ 

ƛƴǘŜǊŘŜǇŜƴŘŜƴŎŜΩ ŀƴŘ ΨƛƴŘƛǾƛŘǳŀƭ ŀŎŎƻǳƴǘŀōƛƭƛǘȅΩΦ tƻǎƛǘƛǾŜ ƛƴǘŜǊŘŜǇŜƴŘŜƴŎŜ ƛƳǇƭƛŜǎ ǘƘŀǘ 

team members need each other to succeed. Individual accountability refers to the 

measurement of whether or not each group member Ƙŀǎ ŀŎƘƛŜǾŜŘ ǘƘŜ ƎǊƻǳǇΩǎ ƎƻŀƭΦ ¢ƘŜ 

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, which stiƳǳƭŀǘŜ ƭŜŀǊƴŜǊǎΩ ƛƴǘǊƛƴǎƛŎ ƳƻǘƛǾŀǘƛƻƴ ŀƴŘ ŎƻƭƭŀōƻǊŀǘƛǾŜ 

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 to individual 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 

ƎǊƻǳǇ ŀƴŘ ƎǊƻǳǇ ƳŜƳōŜǊ ŀƴŘ ƪŜŜǇ ǘǊŀŎƪ ƻŦ ǎǘǳŘŜƴǘǎΩ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ ǘƘŜ ƎǊƻǳǇΩǎ ǿƻǊk, 

assessing both the quality and quantity of individual contributions (Johnson et al. 1998). 

 

 
Figure 2: Critical conditions, guaranteeing a positive impact of collaborative or cooperative 

learning. 
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The list of preconditions also indicates that ς in order to foster productive interactions in a 

collaborative setting ς there is clearly a need for student assistance (Lazonder, Wilhelm, & 

Ootes, 2003). 

 

Collaborative learning with ICT: Computer Supported Collaborative Learning 

 

The former implies that collaborative work in an ICT setting will inherits automatically the 

potential but also the critical  preconditions set above. Though available research 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 moved beyond the 

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, Lockhorst et al. 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 the discusǎƛƻƴ Ǉƻƛƴǘǎ ƻǳǘ ǘƘŀǘ ǇŀǊǘ ƻŦ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ƛǎ ǊŀǘƘŜǊ άŦƭŀǘέΦ ¢Ƙƛǎ 

means that group members simply submit their messages without reacting to one another. 

!ƴƻǘƘŜǊ ǇŀǊǘ ƻŦ ǘƘŜ ŘƛǎŎǳǎǎƛƻƴ ǘƘǊŜŀŘ ƛǎ ƳƻǊŜ ǇǊƻƳƛǎƛƴƎ ŀƴŘ ǊŜŦƭŜŎǘǎ ŀ ƳƻǊŜ άƛƴǘŜǊŀŎǘƛǾŜέ 

process. Learners react to one another and this results in a jagged discussion thread. 

 

 
CƛƎǳǊŜ нΥ 5ƛǎŎǳǎǎƛƻƴ ǘƘǊŜŀŘ ƻŦ ŀ ǇŀǊǘƭȅ άŦƭŀǘέ ŀƴŘ ǇŀǊǘƭȅ άƛƴǘŜǊŀŎǘƛǾŜέ ŘƛǎŎǳǎǎƛƻƴΦ 

 

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 a ς 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. 

 

 

 
Figure 3: Processes and variables that are expected to play a conditional or mediating role in 

CSCL 

  

In the remainder of this article, we review a series of empirical studies that ς step-by-step ς 

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 

face-to-face groups, it is clear that small groups are to be preferred (3-5 group members), 

but does the same apply to CSCL?  To test the differential impact of group size in a CSCL 

ǎŜǘǘƛƴƎΣ ŀ ƭŀǊƎŜ ǎŎŀƭŜ ǎǘǳŘȅ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ ŎƻǳǊǎŜ άƛƴǎǘǊǳŎǘƛƻƴŀƭ ǎŎƛŜƴŎŜǎέΣ ŀǎ ŀ ǇŀǊǘ ƻŦ ǘƘŜ 

first year program for psychology and educational sciences (Schellens & Valcke, 2006). All 

first-year students (N=850), registered for this 7-credit course could ς next to the weekly 

face-to-face sessions ς 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 discussion groups 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 13 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 coders, reflecting 

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 according 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.  

 


