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Abstract

This paper focuses on the way graphical forms of representation mediate collaborative learning. We present and compare the results of two different studies in which students worked together on a diagram. In both studies the group task was meant to promote conceptual understanding in a domain that contains abstract concepts and relationships. In the first study high school students had to make a concept map within the domain of electricity. The students collaborated face-to-face in dyads. The concept map elicited and sustained elaboration and co-construction. In the second study university students had to make an argumentative diagram in Belvédère, a synchronous network-tool. The students communicated by chat. Although a great part of the messages focused on technical and planning aspects, the thematic talk contained many constructive activities. The diagram helped to maintain a shared focus and to balance positively and negatively oriented arguments. We compare the results of the studies and draw some general conclusions about the role of visual and shared forms of representation and their potential to provoke and support elaboration and argumentation. Based upon the results of the study we also give some recommendations for the design of tasks and tools for collaborative learning.

Introduction

Student interaction during a collaborative learning task is partly shaped by the tools that are available. Wertsch (1991) describes the study of learning as the study of people in action using tools. Artefacts that are the residue of cultural behaviour can enable, constrain and shape ways of thinking and acting. Tools can offer exploration and manipulation possibilities (for instance materials to perform an experiment), but they can also structure and sustain communication. 

The way tools represent information (in words, graphs, pictures or animation), and the way this information is organised can affect the discourse of students who collaborate on a task. Roschelle (1992) showed, for example, that diagrams can be social tools for achieving convergence of meaning in a discourse, because they can support individual reasoning and facilitate negotiation of meaning. Roth and Roychoudhury (1993) showed that students who co-construct a relation between two physics concepts not only use verbal and non-verbal mediation but also use diagrams, pictures, texts and experimental materials to reach agreement. Diagrams were used to ascertain that they were talking about the same thing. Sometimes passages in a textbook sustained students in explaining their understanding of a concept during controversy, or functioned as an extra source of feedback. 

Crook (1998) states that most analyses of student talk in the context of collaborative learning neglect the importance of how a collaborative learning situation is resourced. He argues that collaborating students will benefit from referential anchors because they can support the construction of a shared understanding: “The more abstract the terms of the problem, the more helpful it may prove to have external representations that resource the construction of a shared understanding.”

In this paper we discuss two kinds of diagrams: the concept map and the argumentative diagram. The central question that we address is how these visual forms of representation can facilitate elaboration and argumentation in both face-to-face and electronic collaborative learning. First, we report the results of the study with the concept mapping task. Second, we report the results of the study in which students had to construct an argumentative diagram in Belvédère and a study in which the students used NetMeeting. Finally, we compare the results of these studies and draw some general conclusions.

Face-to-face communication among students constructing a Concept Map

Concept Mapping to improve conceptual understanding

An important claim that is made in most literature about the learning of scientific concepts, is that it requires deep processing or elaborate activities, such as the active use of prior knowledge, the recognition and acknowledgement of problems and attempts to look for meaningful relationships (Elshout-Mohr & Van Hout-Wolters, 1995; De Jong & Ferguson-Hessler, 1993). In our study we chose to work with a concept mapping task because we hypothesised that such a task could provoke such elaboration in collaborative learning groups. 

Concept maps are diagrams indicating interrelationships among concepts and representing conceptual frameworks within a specific domain of knowledge (Novak, 1990). A concept map represents the main concepts and relations within a domain. It is a network in which the nodes represent concepts, the lines linking the nodes represent relations and the labels on the lines represent the nature of the relations. Several studies have shown that concept mapping results in meaningful learning (Horton, McConny, Gallo, Woods & Hamelin, 1993). Roth and Roychoudhury (1993, 1994) argue that concept mapping as a collaborative activity promotes communication and negotiation about meaning. Figure 1 shows an example of a concept map. 
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Figure 1 Example of a Concept Map

Method

In three experimental studies we used a concept mapping task and analysed the quality of student interaction and learning outcomes. In these studies the concept mapping task was the start of a new curriculum unit about electricity and was meant to improve the understanding of electricity concepts. In this paper we will only discuss the results concerning our first experimental study in which students constructed a concept map or a poster (for more details see Van Boxtel, 2000 and Van Boxtel, van der Linden & Kanselaar, 2000). 

We compared the student interaction of dyads that constructed a concept map with the student interaction of dyads that constructed a poster. In the concept mapping condition (10 dyads) students had to make a concept map on a large paper using ten given electricity concepts, such as current strength, voltage and resistance. Related concepts had to be connected and the links that represent the relations between concepts had to be labelled precisely. The students were asked to also map the symbols, formulas and graphs that they associate with the concepts and the relations, thus integrating multiple representations. Because the task was meant to stimulate the students to verbalise and discuss their own understanding of the concepts, no additional tools other than paper, pencils and the post-it notes labelled with the electricity concepts were provided. 

In the poster condition (9 dyads) the students had to explain the working of an electric torch using given concepts (the same concepts that were used in the concept mapping condition). A simple drawing of an electric torch was already provided on the poster. Students could draw an electric circuit inside the electric torch and could link the electricity concepts to parts of this circuit. They had to focus on principles underlying the working of the electric torch. In both conditions the students could work together for a maximum of 45 minutes. 

The student interaction of all dyads was videotaped. Transcripts of the video recordings were used to categorically describe the nature of the students’ verbal interactions. On the utterance level the analyses focused on the communicative functions of utterances (statements, arguments, evaluations, questions etc.) and on the content level on utterances in which the students say something about the meaning or the relations of electricity concepts (propositions). Inter-rater agreement for the communicative functions categories reached .89 (Cohen’s kappa) and for the content categories .83. To identify contingencies reflecting elaboration, the transcripts were analysed on an episodic level. Since elaboration is likely to occur in questioning, conflict and reasoning episodes, these three types of episodes were distinguished. Elaborated answers were defined as answers that contain more information than just yes, no or an alternative. A conflict was considered elaborated when one student explains or justifies his or her statement (individual elaboration) or when both students contribute to the resolution of the conflict through argumentation about the solution (collaborative elaboration). A reasoning episode was defined as a sequence of utterances in which definitions, observations or hypotheses about electricity concepts (propositions) are related to each other. An individually constructed reasoning was defined as a reasoning that contains arguments of only one student. In collaborative reasoning the reasoning is co-constructed by contributions from both participants. The proportion of agreement between two coders was 79% for the episodic categories.

Results

The results showed that there was hardly off-task talk. The interaction of students working on the concept map contained a mean of 0.17% (SD = .09) off-task utterances and the interaction of students working on a poster 1.56% (SD = 2.17). 

It appeared that students who made a concept map talked more intensely about the electricity concepts than the students who made a poster (see Table 1). A closer examination of the transcripts revealed that working on a poster resulted in more and longer phases in which students were writing or drawing. Some dyads spent considerable time drawing an electrical circuit inside the electric torch, whereas the concept map only required short sentences describing the relations between the concepts.

Table 1 Mean ratio’s and standard deviations of propositions and episodic categories and the p-values of the ANOVA’s.

	Categories
	Concept Map

(n = 10)
	Poster

(n = 9)
	p

	
	Ratio
	Sd
	Ratio
	Sd
	

	Propositions
	3.81
	1.27
	2.38
	1.22
	.02*

	Elaborated answers
	.11
	.09
	.14
	.09
	.55

	Elaborated conflicts

-collaborative elaboration

-individual elaboration
	.16

.09

.07
	.09

.06

.07
	.08

.03

.05
	.07

.04

.05
	.06

.03*

.46

	Reasoning

-collaborative reasoning

-individual reasoning
	.28

.18

.10
	.16

.09

.10
	.14

.10

.04
	.14

.11

.04
	.04*

.09

.06


* p < .05

Ratio: frequency divided by the time the students worked at the group task in minutes (the time that dyads spent on the task differed).

Another difference was, that the interaction of students who made a concept map contained more collaboratively elaborated conflicts. The students who had to make a concept map may have experienced a stronger need to resolve a conflict then the students who made a poster. Talking about relations between certain physical quantities these students often have to choose between two opposite alternatives. For example, two concepts are related or not, or the current strength is directly or inversely proportional to resistance. The concept map requires an explicit answer. On the poster students can write a short story about each concept and its link to a part of the electric torch, whereby it is easier to combine different points of view. 

The kind of product that was asked also had an effect on the amount of reasoning. In dyads that made a concept map students more frequently constructed a reasoning (collaborative and individual reasoning taken together). 

In sum, especially the concept map provoked talk about the electricity concepts, elaborate talk and co-construction. 

The following example shows a conflict that is elaborated (only a part of the elaboration is given). Tom and Mike disagree about the question of whether a wire is a resistor or a conductor. This conflict is provoked by the task to relate the given electricity concepts. Tom grouped the concepts current strength, sort of material, length and cross-section of the wire. Mike wants to relate the sort of material to resistance. During the start of the conflict both Tom and Mike point to the concepts that are on the paper. This illustrates how the concept map facilitates their discussion about the abstract concepts and helps them to create a shared focus and to maintain a common ground. Further, the example shows collaborative elaboration of a conflict. Tom and Mike have different points of view and elaborate on both perspectives trying to re-establish common understanding.

Example 1
Collaborative elaboration of a conflict

Tom
look current strength has to do with the sort of material (points), with length (points), cross-section of the wire

Tom
I’m sure

Mike
the length of what? (points)

Tom
the length of the sort of material (points)

Mike
yes

Tom
of the wire

Mike
yes, a wire is also a resistor

Tom
a wire is not a resistor, a copper

Mike
because it goes through it

Tom
a copper wire is not a resistor

Mike
of course it is

Mike
copper is resistance

Mike
it has to go through it, doesn’t it?

Tom
copper is not a resistor, it is a conductor

Mike
a conductor is also

Mike
when I put two wires through a plate of copper, what is it then?

Tom
a conductor

Mike
a resistor, current has to go through it and it has difficulty with that, even if it conducts?

…

Electronic communication among students constructing an Argumentative Diagram 

Argumentation

Academic knowledge must not be understood as something fixed that can be transmitted from experts to students. To participate fruitfully in academic discourse, it is crucial for students to understand the nature of scientific knowledge as a process of permanent negotiation. Therefore, argumentation has an important role in academic learning (Petraglia, 1997). Argumentation can be considered one of the main mechanisms that can promote collaborative learning (Dillenbourg & Schneider, 1995; Baker, 1994). The purpose of collaborative argumentation tasks is to have students externalise, articulate and negotiate alternative perspectives, including reflection on the meaning of arguments put forward by peers as well as experts. When students add, explain, evaluate, summarise and transform information they can (co-)construct new knowledge. We consider these activities as constructive activities. The study focused on the potential of an electronic environment in which students can make an argumentative diagram to provoke and support argumentation and constructive activities. The study is described in more detail in Veerman (2000).

Method

The participants of the study were students in Educational Sciences who followed a course on developing computer-based learning programs. Eight student groups (4*2 students; 4*3 students) had to construct learning goals for an educational computer program and discuss their claims on the pedagogical strategies and the sequence of learning activities in Belvédère. 

Belvédère is a synchronous network-tool developed by the Learning Research and Development Center at the University of Pittsburgh (1996). The working screen of the program displays private and shared windows. With a text-based chat box a student can communicate with a partner. Messages will be displayed, linked with the writer’s name, in the shared chat-history. The diagram can only be constructed by using predefined boxes (‘hypothesis’, ‘data’, ‘unspecified’) and links (‘for’, ‘against’, ‘and’) that are accessible through the menu bar. Students, nevertheless, are free to fill in boxes with any information they like. Links can be given a thickness reflecting a participant’s confidence in the information. The thicker the line, the more certain the student is about the input. An electronic coach (the ‘bulb’) is available to give help on demand. The coach gives advice on how to improve the argumentative structure of a diagram. In this study, the coach was not used due to language differences (english-dutch). Figure 1 shows the interface of Belvédère.

The eight student groups produced 13 chat discussions and 13 diagrams in total. The chat discussions were analysed on the focus of messages (technical/off-task talk, planning talk and thematic talk). Inter-judge reliability showed a Cohen’s Kappa of 0.74 for the focus variable. Messages focused on thematic talk were analysed in more detail on types of dialogue moves, including argumentation (Cohen’s kappa 0.83) and on the presence of constructive activities (Cohen’s kappa 0.78).  Constructive activities only included messages in which information was added, explained or evaluated since summaries and transformations hardly occurred.

All diagrams were analysed on the number of themes, statements and links, the organisation of thematic information and on information put into the boxes that overlapped with the content of chat messages. There was a perfect inter-judge agreement on organisation measurements, the kappa for overlapping information was 0.82.


Figure 1
The interface of Belvédère.

Results

The results showed that of all messages sent in the chat discussion a small majority was focused on technical / off-task issues and planning aspects (see Table 2). The rest were thematic. Thematic messages mostly contained statements, then checks, counter-arguments and then challenges. Constructive activities comprised about 20% of the total number of the messages sent in the chat discussions; however it is 48% of all thematic messages sent.

Table 2 Means and standard deviations of categories of Belvédère chat discussions (n = 13 chats).

	Categories
	Mean
	Sd

	All messages sent
	99
	50

	-technical and off-task issues
	29
	18

	-planning aspects
	28
	16

	-thematic messages
	42
	29

	
	
	

	Dialogue moves

(thematic messages)
	
	

	-statements
	16
	11

	-checks
	9
	7

	-challenges
	4
	4

	-counters
	8
	7

	-others
	5
	4

	
	
	

	Constructive activities

(thematic messages)
	
	

	-addition of information
	9
	5

	-explanation of information
	3
	3

	-evaluation of information
	8
	6


All information boxes put into the diagram window contained thematic information (mean = 15 boxes) and were linked to different themes. The mean number of links was 21. The mean percentage of selected information from the chat discussion that overlapped with the information boxes was 58%.  

The study with Belvédère was conducted in line with an earlier study about the NetMeeting system, a software system of synchronous basic chat discussion (Veerman, Andriessen & Kanselaar, 2000). Although tasks and assignments differed, considering the chat analyses on focusing, argumentation and the production of constructive activities, some comparisons can be made. Compared with NetMeeting discussions the Belvédère discussions were more strongly focused on the meaning of concepts, more information was countered and a higher percentage of information was found to be constructive. But comparable to the NetMeeting system, student groups needed a high amount of effort to co-ordinate their communication. Whereas the chat discussion tool was used for all sorts of interaction, students used the diagram window solely for organising thematic information and argument construction. Despite the many focus shifts between thematic and technical and planning talk, students did not tend to lose track of their thematic discussions and arguments.

Conclusions

Forms of representation that are visual and shared

In both studies the product in the process of formation functioned as a tool to communicate and negotiate meaning and supported the co-construction of meanings and reasoning. The visual form of representation and the fact that the product is a joint product that can be shared are important aspects of the mediation role of the diagrams.

In the concept mapping study the requested product forced students to pay attention to key principles in the domain. The cards with the physics concepts that had to be used encouraged student to really talk about the meaning of these abstract concepts and their relations and to use the concepts in their reasoning. The students frequently pointed to parts of the map while they were trying to verbalise and negotiate. The concept mapping tasks stimulated the asking of questions (for example, ‘what is voltage’?; ‘is there a relation between current strength and voltage’?). The concept mapping task also stimulated the elaboration of conflicts, because the product asks for clear statements. 

The study with Belvédère showed that the argumentative diagrams had a supportive role in essential cognitive processes during collaborative argumentation: the critical checking of new information, exploration of multiple perspectives and (varied) elaboration. The visual diagram can stimulate a continuous focus on the thematic content. Not maintaining a shared focus is one of the main problems leading to missed opportunities to build on each other contributions (Baker & Bielaczyc, 1995). The diagram can beneficial to keep track and keep an overview of complex questions or problems under discussion (see also Veerman & Treasure-Jones, 1999). Belvédère provides students with a shared overview of their arguments. Showing arguments graphically in a ‘persistent’ window stimulate students to balance positvely and negatively oriented arguments and elaboration. Due to the visual form of representation the diagram makes it easier to identify gaps and conflicts in the argument. In its most basic form, an argument can be seen as an organised structure of a claim and evidence oriented for and against the claim. This structure is essentially not linear, hence graphical representation is more optimal for supporting and representing such a structure. The diagram is particularly supportive if it is used in a manner closely linked to the chat and serves to trigger discussion about arguments that are still unclear, or not yet stated, discussed or justified.

The differences that were found between the concept mapping and poster condition add to the evidence of Bennett and Dunne (1991) for the assumption that tasks that require a lot of concrete activities (for example drawing and writing) elicit less ‘abstract talk’. Although the joint production of visual forms of representation may provoke and support elaborate talk, it seems to be important to constrain the need of many secondary activities, such as drawing and writing.

Face-to-face versus electronic communication

An important difference between the verbal interaction of students constructing a concept map and students constructing an argumentative diagram, was the amount of talk that was related to the content of the task. In the concept mapping dyads there appeared almost no off-task talk, and students formulated a lot of statements about the electricity concepts. In the Belvédère study the students produced a lot of messages that were related to technical and planning aspects. In electronic learning environments an immediate and shared interpretation of information sometimes may be more difficult to be achieved than in face-to-face situations because of the lack of non-verbal cues such as pointing and nodding (see also Moore, 1993). This can be especially harmful for maintaining a shared focus in argumentative dialogues. It  may result in a stronger need to plan and co-ordinate activities, and consequently generate more talk about these aspects at the cost of talk about the content of the task. On the other hand, the lack of physical and psychological cues such as physical appearance, intonation, eye contact, group identity sometimes may lead to democratising effects (Smith, 1994; Steeples et al., 1996). Critical behaviour, therefore, is expected to be less biased towards a tutor or a dominant peer student.

Recommendations for the design of collaborative learning tasks and tools

Based upon the results of the two studies we conclude with some recommendations concerning the design of tasks and tools for collaborative learning that aim at provoking and sustaining elaborate talk and argumentation. 

First, tasks and tools must be designed on the basis of the kind of student talk that is thought to be productive. This requires a clear idea about the activities in which the students need to be engaged. 

Second, the group product that is asked for has an important role in shaping the quality of student interaction. Group products that can be shared, that contain visually represented information and that do not require many concrete activities such as drawing, writing and typing that elicit talk about ‘technical’ issues seem to have a greater potential to provoke and support the activities that the students need to be engaged in, such as elaboration and argumentation. 

To realise a productive student interaction the students need to keep a shared focus on the task and communciation process, to ask each other critical questions, to engage in argumentation processes and to co-construct knowledge.
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