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Abstract: Collaborative multimedia learning is a scenario that places various demands on 
the learners. On the one hand, individuals have to interrelate multiple external 
representations mentally, in order to understand the representations and the underlying 
concepts; on the other hand, learners acquire representational knowledge during 
collaboration and have to use multiple external representations to exchange conceptual 
knowledge. In this paper, the development and experimental evaluation of a tool is 
presented that is intended to simultaneously support both individual and collaborative 
learning processes during collaborative multimedia learning. 
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Introduction 
 
Translating between multiple external representations and mentally integrating them is an 
important but difficult challenge for learners. While integrating multiple representations is, 
in the end, an individual process, the acquisition and exchange of knowledge about external 
representations often occurs during collaboration [1], which places additional demands on 
learners [2]. However, tools and instructional tasks that support learning with multiple 
representations usually focus on the individual. A main requirement in developing a tool 
that supports collaborative learning with multiple external representations is the 
simultaneous consideration of both individual and collaborative processes. In this paper the 
development and experimental evaluation of such a tool is presented. 
 
 
1. Learning with multiple external representations 
 
Multimedia learning materials commonly comprise differently coded external 
representations, such as texts, formulas, and diagrams, in order to encourage learning in 
various ways [3]. However, learners are frequently not able to detect relevant structures 
within representations and relate multiple external representations systematically to each 
other [1]. In addition, simultaneous processing of differently represented information can 
require a considerable part of a learner’s working memory capacity [4]. As a consequence, 
learners often concentrate on surface characteristics instead of thematically relevant 
structures of the external representations and, therefore, do not recognize the strengths of 
particular representations, resulting in disjointed mental representations. 
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In order to enable learners to take advantage of the potential of differently represented 
information, several methods have been suggested that try to support translation processes 
between representations by reducing visual search processes, such as presenting text and 
pictures in a spatially integrated format [4], or linking multiple representations by various 
symbolic conventions, such as using the same color for corresponding entities in different 
representations [4; 5; 1]. While these instructional suggestions have the potential to reduce 
cognitive workload, they do not directly support learners in active and constructive 
integration processes. Therefore, Bodemer and colleagues tried to initiate meaningful 
mental activity by enabling learners to systematically and interactively integrate different 
representations in the external environment, which improved learning significantly [6; 7]. 

 
 
2. Collaborative multimedia learning 
 
External representations are beneficial not only for individual learning. They can perform 
important functions during collaborative learning that exceed supporting individual 
knowledge acquisition. For example, research has shown that by means of external 
representations individual contributions can be illustrated and objectified [8], but also 
coordinated and interrelated [9]. Moreover, it has shown that the type of a shared external 
representation can influence the focus of the learning partners’ activities [10].  

Most CSCL tools use shared external representations in any way. However, there is 
only little research on collaborative learning with complex multimedia learning material. 
Most of the existing studies focus on collaborative learning with animations or simulations 
[11; 12; 8; 13; 14; 15]. Those studies that focus on the representational code of the learning 
material showed that learners can potentially interrelate their knowledge and construct 
shared meaning on the basis of multiple external representations [16; 17]. 

Moreover, studies on collaborative multimedia learning have concentrated on 
face-to-face scenarios and neglected net-based learning, although spatial distribution of 
learners is a main potential of CSCL. One reason for this might be the high complexity of 
such learning situations that combine the demands of multimedia learning and net-based 
knowledge communication. As previously mentioned, learning with multiple 
representations is demanding even in individual learning settings. During distributed 
knowledge communication learners encounter additional difficulties, such as  
(1) establishing references between external content and collaboration content [18],  
(2) constructing a mutual understanding and a common ground [19] and – associated 
therewith – constructing a representation of the learning partner’s knowledge or beliefs [20], 
as well as (3) interacting with each other in a structured and goal-oriented way [21]. 

 
 

3. A collaborative integration tool for supporting collaborative learning with multiple 
external representations 

 
In order to facilitate collaborative net-based multimedia learning, a tool has been developed 
that is intended to support learners in meeting the various demands. A main requirement in 
developing such type of tool is the simultaneous consideration of both collaborative and 
individual learning processes. We based this tool on the previously mentioned active 
integration task [6] that has repeatedly been shown to foster individual integration processes 
during multimedia learning. This task has several characteristics that enable it to be used in 
a collaborative scenario as well. Regarding the difficulties specified in this paper, (1) it  
constrains content information in a way that allows the interrelation of information gathered 
from the learning material and from the learning partner, (2) it provides information about a 
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learner’s knowledge that can be easily compared to represented information about a 
learning partner’s knowledge, (3) it structures learning processes implicitly and adaptively 
by externally representing assigned and unassigned information. 

Based on these assumptions, we developed a collaborative integration tool that 
enables two spatially distributed learning partners to simultaneously integrate components 
of multimedia learning material on computer screens. Learners are provided with a shared 
visualization that contains the current state of integration of both learning partners. While 
interactively integrating different sources of information is intended to support individual 
elaboration processes by means of external and mental structure mapping, there are other 
supporting functions that address the collaborative scenario.  

As learners can assign multiple representations independently of each other, the 
collaborative integration tool visualizes information about each learner’s knowledge. 
However, as the tool displays corresponding assignments of both learners side-by-side, it 
additionally visualizes information about group knowledge [22], such as which part of the 
learning material is covered by at least one of the group members. Furthermore, the spatial 
contiguity of assignments allows the comparison between both learners for each subset of 
representations. With regard to this comparison, four cases of knowledge distribution can be 
distinguished that are visualized by the tool (cf. Fig. 1): None of the learning partners has 
assigned a subset of representations (OO), only one learner has assigned it (XO), both 
learners have performed the same assignment (XX), learners have performed different 
assignments (XY). 

 
 

Figure 1: Collaborative integration of multiple external representations during learning statistics. Two learning 
partners simultaneously drag algebraic components onto drop areas adjacent to the visualization (learner A’s 
assignments on the left side of each drop area, learner B’s assignments on the right side). The four cases of 
knowledge distribution are highlighted. 

 
 
The visualization of the learning partner’s knowledge in the collaborative integration 

tool has the potential to support collaborative learning in several ways. Basically, it may 
reduce grounding costs, as each learner is provided with information about the learning 
partner’s assumptions. More specifically, the learning discourse can be structured on the 
basis of the four cases of knowledge distribution. If learners have assigned a subset of 
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representations identically, they can easily recognize that there is probably no need to 
deeply discuss the underlying concept. On the other hand, if a subset of representations 
could not be assigned by any of the learners individually, a joint problem-solving process 
might help to solve the integration task. If only one learner has assigned a specific subset of 
representations, it is apparent that the learner who is not knowledgeable with regard to this 
subset might benefit from explanations by the learning partner. In this case, the visualized 
awareness information can also help in the formulation of questions and answers that are 
adapted to the difference in knowledge between the learning partners. A very important case 
with regard to knowledge construction occurs if both learners have assigned different 
representation components. Such conflicting issues are supposed to be especially fruitful for 
the learning discourse [23]. It is assumed that learners benefit much more from discussing 
conflicting issues than from repeating issues they both agree on. 

In order to evaluate the potential benefits of a collaborative integration tool, an 
experimental study has been conducted that compared this collaborative integration tool to 
the active integration task investigated by Bodemer and colleagues [6]. As we assume that a 
collaborative integration tool can facilitate individual as well as collaborative learning 
processes during collaborative multimedia learning, we anticipate both higher individual 
learning outcomes and more beneficial discussion processes if learners are supported with 
this type of tool. 

 
 

4. Experimental study 
 

In this experiment, dyads learned spatially separated in two consecutive learning phases. (1) 
In an individual learning phase, they were individually provided with paper-based learning 
material about various statistics concepts underlying the one-way analysis of variance. The 
learning material differed within the dyads in an interdependent way in order to prompt 
different perspectives on the learning subject that go along with the representational code 
the material focuses on. While one learner is provided with algebraic and rather quantitative 
information, the other learner is provided with visual and rather qualitative information. (2) 
In a collaborative learning phase, dyads were provided with a computer-based integration 
tool that comprised corresponding algebraic and visual information. In this phase learning 
partners were able to communicate by means of a chat tool.  

 
4.1 Design 
Two experimental groups were compared that differed with regard to the visualization of 
the learning partner’s knowledge. One experimental group was provided with an individual 
integration tool that enables learners to interactively integrate algebraic and visual 
components. The other experimental group was provided with a collaborative integration 
tool that additionally visualized the current state of integration of the learning partner. 

 
4.2 Participants 
Forty psychology students (33 females and 7 males) of the university of Tübingen, aged 
20-29 years (M = 22.63, SD = 2.43), were randomly assigned to the two experimental 
groups. They were paid for their participation or given course credits. All students had 
attended courses in introductory statistics but were largely unfamiliar with the specific 
statistics concepts and visualizations addressed in this experiment. 
 
4.3 Materials and Procedure 
The study consisted of five phases: (1) training phase (2) individual learning phase, (3) 
knowledge test 1, (4) collaborative learning phase, and (5) knowledge test 2. 
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(1) At the beginning of the experiment, all participants were spatially separated and 
received a general introduction into the experimental environment on the computer where 
they could exercise dragging and dropping objects in a neutral domain.  

(2) In the individual learning phase all participants were provided with the 
interdependent instructional material for 20 minutes in which they learned about the 
application domain. It consisted of various statistics concepts and principles underlying the 
one-way analysis of variance (ANOVA), such as the concepts of error and squared error, the 
principle of least squares, the method of partitioning the sums of squares, and the effect of 
outliers. The learning material differed within the dyads, giving one learner algebraic and 
rather quantitative information, while the other learner was provided with visual and rather 
qualitative information of the concepts. 

(3) Knowledge test 1 consisted of eight multiple choice questions, which can be 
classified into four different categories: (a) basic understanding questions, referring to the 
basic information given in both kinds of learning material, (b) visual understanding 
questions, which required the information of the visual learning material and thus the 
interpretation of the graphical elements, (c) algebraic understanding questions, which 
required the information of the algebraic learning material and hence the interpretation of 
the formula elements, and (d) transfer questions, which required the integration of both, 
visual and algebraic information leading to more interrelated concepts. 

(4) In the collaborative learning phase, dyads were provided with a chat tool and an 
integration tool that comprised corresponding algebraic and visual information. Learners 
had 40 minutes to interactively integrate the information and to gain an understanding of the 
statistics concepts. In this phase, the two types of integration tools have been implemented. 
One group was provided with an individual integration tool that enables learners to 
interactively integrate algebraic and visual components. The other group was provided with 
a collaborative integration tool that additionally visualized the current state of integration of 
the learning partner. 

(5) Finally, the participants took knowledge test 2, which consistent of 32 multiple 
choice questions. While the first test comprised two questions of each type, the second test 
comprised eight questions each. 

 
4.4 Results 
Learning outcome. With regard to knowledge test 1, a two-tailed t-test revealed a 
significant difference between the two experimental groups (t(38) = 2.11; p < .05). In the 
condition individual integration a higher level of previous knowledge was measured. This 
difference was unexpected, as no experimental variation had taken place before. However, 
further analyses showed no significant influence of this difference on any other dependent 
variable. 

Regarding knowledge test 2 a one-tailed t-test exposed no significant effect 
(t(38) = -.28; p = .389): Learners performed nearly equal in knowledge test 2 no matter if 
they had an additional external representation of the partners actions and knowledge or not. 

In order to take into account the unexpected (pre-) knowledge difference, another 
t-test regarding the learning gain (difference between the relative learning outcomes of both 
knowledge tests) has been conducted. It revealed a marginally significant effect 
(t(38) = -1.32; p = .097, one-tailed). As we assumed, the individual learning gain was, on 
average, higher with the collaborative integration tool than with individual tool-support 
only.  
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Further analyses regarding the types of questions demonstrated that the benefit of the 
collaborative integration tool especially appeared in the most demanding category of the 
knowledge test, that is transfer knowledge (t(38) = -1.89; p < .05, one-tailed). Table 1 
presents the means and the standard deviations for performance in the knowledge tests and 
for learning gain transformed to relative frequencies.  
 
 

Table 1. Means and standard deviations of knowledge test performance and learning gain 
 

 Collaborative 
Integration 

Individual 
Integration 

Overall 

 M SD M SD M SD 
Knowledge test 1  .35 .12 .44 .16 .40 .15 
Knowledge test 2 .61 .17 .61 .18 .61 .17 
       
Learning gain (overall) .27 .22 .17 .24 .21 .23 
Learning gain (transfer questions) .36 .42 .12 .42 .24 .44 

 
 
 
 

Processes of collaboration. In order to gain first insights into the learners’ 
collaboration processes, we initially analyzed the learners’ manipulations within the 
integration tools conducted during the collaborative learning phase. We present the results 
of these analyses in the following. Presently, we additionally analyze the learners’ discourse, 
but can only give a glimpse of the first impressions of this analysis in the discussion. As the 
log-file of one dyad has not been recorded (due to technical reasons) the sample is 19 dyads 
for the following analyses.  

As previously mentioned the case of unequal assignments is particularly relevant for 
learning and can be differentiated into two sub cases: conflicting assignments (XY) and 
partial assignments (XO). Regarding the number of unequal assignments appearing during 
the collaborative learning phase, a two-tailed t-test showed no significant difference 
between the two experimental groups for neither the number of conflicting assignments  
(t(18) = .445 ; p = .331) nor the number of partial assignments (t(18) = -.284 ; p = .390). 
Hence, as we presumed, in both conditions nearly the same amount of unequal assignments 
appeared.  

With regard to the final assignments at the end of the collaborative learning phase, a 
one-tailed t-test (t(18) = 2.21; p < .05) revealed more conflicting final assignments (XY) in 
the group using the individual integration tool than in the collaborative integration group. 
Regarding the frequency of partial assignments (XO) at the end of the collaborative learning 
phase there was a marginally significant effect (t(18) = 1.55 ; p = .068). Hence, although the 
average number of unequal (conflicting and partial) assignments was nearly equal in both 
conditions, learners in the collaborative integration condition rather agreed at the end of the 
collaboration phase. In general this supports our expectations of a beneficial effect of the 
collaborative integration tool on processes during collaboration that are relevant for 
learning.  

This assumption is also supported by the results regarding the correctness of 
assignments at the end of the collaborative learning phase, revealing a marginally 
significant difference between the two groups (t(18) = -1.40; p = .089). Thus, learners 
provided with the collaborative integration tool made to some extent more correct final 
assignments than those using the individual integration tool. The means and standard 
deviations for all types of assignments are displayed in table 2. 
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Table 2 Means and standard deviations of the number of assignments 
 
 Collaborative 

Integration 
Individual 
Integration 

Overall 

 M SD M SD M SD 
during collaboration 

       
Conflicting assignments (XY) 3.40 2.99 4.00 2.87 3.68 2.87 
Partial assignments (XO) 13.20 5.79 12.56 3.78 12.89 4.82 
       

after collaboration 
Conflicting final assignments (XY) .20 .63 2.60 3.37 1.40 2.66 
Partial final assignments (XO) .20 .42 1.20 1.99 .70 1.49 
Correct final assignments 11.05 2.49 8.75 4.55 10.22 3.59 

 

 
 
5. Discussion 

 
This paper reports on the development and experimental evaluation of a CSCL-tool that is 
intended to support multimedia learning. The tool is based on an external integration task 
that proved in earlier studies to facilitate the individual mental interrelation and integration 
of multiple representations. The newly-developed collaborative integration tool enhanced 
the original version by visualizing the learning partner’s assignments as indicators for the 
partner’s conceptual assumptions or knowledge. 

An experimental study compared the collaborative integration tool to the individual 
version. We hypothesized that the collaborative integration tool supports both individual 
and collaborative learning processes to a greater extent during collaborative learning with 
multiple external representations. Thus, we expected higher individual learning outcomes as 
well as more beneficial collaborative learning processes. 

While the results of a post knowledge test couldn’t approve this assumption, the 
analysis of the learning gains – especially regarding to transfer knowledge – revealed better 
learning of the group provided with the collaborative integration tool. The benefits of the 
visualization of the partner’s knowledge on the learning process were analyzed by the 
number of unequal assignments during and at the end of the collaborative learning phase. 
Different assignments by the learners, as well as assignments that had been performed by 
only one of the learning partners, have both been resolved to a much greater extent during 
the collaboration process if learners were aware of the inequality of assignments. Moreover, 
more correct final assignments occurred in the collaborative integration group. 

With regard to our assumptions on the support of collaborative discussion processes, 
the analysis of unequal assignments as indicators for the emergence, discussion and 
resolving of conceptual conflicts can give some insight into the way a collaborative 
integration tool might structure a learning discourse. However, in order to gain a deeper 
understanding in the functionality of the tool the reported variables have to be completed by 
further quantitative and qualitative analyses. For example, it appeared that learners talked 
more about conflicting issues if they were supported by the collaborative integration tool, 
which would explain the better resolving of integration conflicts. Moreover, it seems that 
learners adapted their discussion behaviour to their awareness of knowledge constellations, 
which might emphasize the importance of visualizing cognitive conflicts. 

Furthermore, a detailed analysis of the learning discourse and a follow-up study could 
disentangle the structuring mechanisms of the collaborative integration tool. Some 
representational guidance [10] might be given by the empty drop areas; further guidance 
might be initiated rather information-based [22] as a result of the visualized knowledge of 
both learners. 
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Both guiding principles that underlie the tool we introduced in this paper have the 
potential to implicitly structure computer-supported collaborative learning processes, 
thereby saving cognitive capacities for additional individual and collaborative tasks. This is 
especially important during collaborative learning of complex concepts with multimedia 
learning material, but can be also helpful in many other areas of CSCL. 
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