
Representational Tools in
Computer-Supported Collaborative

Argumentation-Based Learning:
How Dyads Work With Constructed

and Inspected Argumentative Diagrams

Marije van Amelsvoort, Jerry Andriessen,
and Gellof Kanselaar

Research Center of Learning in Interaction
Utrecht University, The Netherlands

This article investigates the conditions under which diagrammatic representations
support collaborative argumentation-based learning in a computer environment.
Thirty dyads of 15- to 18-year-old students participated in a writing task consisting of
3 phases. Students prepared by constructing a representation (text or diagram) indi-
vidually. Then they discussed the topic and wrote a text in dyads. They consolidated
their knowledge by revising their individual representation. There were 3 conditions:
Students could use either (a) the individual texts they wrote, (b) the individual dia-
grams they constructed, or (c) a diagram that was constructed for them based on the
text they wrote. Results showed that students who constructed a diagram themselves
explored the topic more than students in the other conditions. We also found differ-
ences in the way collaborating dyads used their representations. Dyads who engaged
in deep discussion used their representations as a basis for knowledge construction.
In contrast, dyads who engaged in only shallow discussion used their representations
solely to copy information to their collaborative text. We conclude that diagrammatic
representations can improve collaborative learning, but only when they are used in a
co-constructive way.
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INTRODUCTION

We probably all use argumentation in our daily lives. Whenever people have differ-
ent opinions on an issue, they use argumentation to convince, to clear the air, or
maybe just to have fun. This article focuses on collaborative argumentation with
the goal of learning. Collaborative argumentation-based learning (CABLE) is in-
creasingly used in education because current practice—at least in The Nether-
lands—values peer collaboration and construction of knowledge. Through argu-
mentative interaction, students exchange views and arguments, collaboratively
constructing their knowledge of the space of debate (Baker, Quignard, Lund, &
Séjourné, 2003; Kanselaar et al., 2002).

Using argumentation for collaborative learning can be difficult (e.g., Baker,
1996, 1999). Some researchers have suggested that representational tools can be
used to facilitate argumentative learning (e.g., Suthers & Hundhausen, 2003). A
tool that is often used is an argumentative diagram. Argumentative diagrams visu-
alize the domain that is being discussed. However, researchers do not know exactly
how such diagrams contribute to learning or how they should be used by learners.
For example, is it enough for learners to merely inspect argumentative diagrams, or
should they actively construct such diagrams to facilitate learning? The present
study aimed to contribute to researchers’ understanding of the way in which repre-
sentational tools can be used for learning by investigating argumentative diagrams
in collaborative learning in high schools.

CABLE

People learn from argumentative interaction because it involves reasoning instead
of merely retrieving information from memory (Andriessen, Baker, & Suthers,
2003). In argumentation they have to make their thoughts explicit, which can aid
learning through the self-explanation effect (Chi & VanLehn, 1991). They also
need to look at information from different sides, searching for causes and relations
in the topic under discussion (Veerman & Treasure-Jones, 1999). Argumentative
discussion may thus lead to a broader and deeper understanding of the space of de-
bate, which represents all possible positions and arguments regarding a certain
topic. The space of debate can be finite, for example when students have to solve a
problem in physics. In such cases, there are relatively stable ideas about what is
correct and what is not, which limits the exploration of the space of debate. In our
view, there is more to be gained from argumentation when students work on open
problems.

In argumentative problems without unique solutions, such as the desirability of
genetically modified organisms, the space of debate is constructed by discussing
different positions, ideas, and values. This space of debate is infinite. Learning is
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then defined as collaboratively broadening (i.e., using multiple viewpoints and
subtopics) and deepening (i.e., using more elaborate arguments) the space of de-
bate by constituting and transforming concepts and arguments. A broader and
deeper understanding of the space of debate may lead to conceptual changes or at-
titude changes regarding the topic (Coirier, Andriessen & Chanquoy, 1999; Baker,
1996, 1999)

Several studies have found positive learning effects of collaborative argumenta-
tion. For example, Kuhn, Shaw, and Felton (1997) found that dyadic discussion by
adolescents on the topic of capital punishment improved reasoning about that
topic. Erkens (1997) found that collaborative argument significantly improved 10-
to 12-year-old children’s ability to solve problems. Finally, Reznitskaya et al.
(2001) found that discussion by high school students promoted individual reason-
ing in writing persuasive essays. Students in the discussion condition wrote essays
that contained more arguments, counters, rebuttals, formal argumentation, and ref-
erences to text information than students in the control condition who did not en-
gage in collaborative discussion. These studies suggest that argumentation pro-
motes learning, but such effects do not arise spontaneously.

Although argumentation is fairly often used in daily life, many people have dif-
ficulties constructing “good” arguments. For example, Stein and Miller (1993)
found that 3-year-old children are already capable of using arguments, but produc-
ing a well-substantiated argument is still very difficult for adults. Kuhn (1991) did
an extensive study in which she asked adults to individually present and explain
causal theories for societal issues. She found that people were apt at giving and ex-
plaining their opinions but that only a third of them could come up with alternative
views or counterarguments for their own views. Weighing different theories was
seen even less often. When people discuss a topic together, they exchange views
and arguments that can be used to construct knowledge. Unfortunately, people
tend to ignore information or ideas that do not fit their own ideas (Chan, 2001;
Wason, 1960). Additionally, social factors come into play in discussion. People
may be afraid to lose face or to get into a fight. For effective argumentation, people
have to be willing to argue, and they need to have some common ground to make
discussion possible. Taken together, these findings constrain the effectiveness of
argumentation for learning.

REPRESENTATIONAL TOOLS

Representational tools have been suggested to support CABLE and alleviate many
of the problems with argumentation. Representations can guide, constrain, or even
determine cognitive behavior (Zhang & Norman, 1994). Suthers and Hundhausen
(2003) showed different effects on learners’ discourse in the area of science. For
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example, matrix and diagram representations prompted students to discuss eviden-
tial relations more than a plain text.

Diagrams have been argued to have specific advantages as representational
tools for argumentation-based learning. Argumentation can be visualized in dia-
grams by putting arguments in boxes and relations between them in arrows. Dia-
grams may benefit both construction and communication of arguments for many
reasons, such as clarifying relations (Suthers, 2003); illustrating the structure of ar-
gumentation (Schwarz, Neuman, Gil, & Ilya, 2000); giving an overview (Larkin &
Simon, 1987); helping to maintain focus (Veerman, 2000); and promoting reflec-
tion on alternative perspectives, solutions, and critiques (Kolodner & Guzdial,
1996). Thus, a diagram could be an important tool in supporting CABLE. How-
ever, until now there have been only a few studies showing that diagrams actually
do support collaborative learning in the classroom (e.g., Toth, Suthers, & Lesgold,
2002; Van Drie, Van Boxtel, Jaspers, & Kanselaar, 2005).

In our view, there are at least three important questions to be answered about
the conditions under which diagrams can be supportive for CABLE. The first
question is the following: What are the specific advantages of diagrams over
other representational tools? The most frequently used alternative for diagrams
is a textual representation of arguments. A salient difference between text and
diagram is linearity. A text is a linear representation, meaning that arguments are
presented in a sequential fashion. In contrast, a diagram is nonlinear because it
displays arguments and argumentative relations in a two-dimensional space. It is
exactly this two-dimensional space that has been argued to have specific advan-
tages, because argumentation is in essence not linear (Coirier, Andriessen, &
Chanquoy, 1999; McCutchen, 1987). In addition, a diagram allows for multiple
relations between arguments by linking boxes with more than one arrow. Al-
though text has many devices for expressing complex relations, such as advance
organizers and argumentative connectives that usually indicate a single relation
between the previous and the following phrases (e.g., but or because), relations
in a diagram are more salient (Suthers & Hundhausen, 2003). The text has to be
processed sequentially when building a model of nonlinear relations, whereas in
a diagram this can be seen through parallel visual processes. Another advantage
of diagrams over texts is that the limited space of boxes constrains the detail of
the argument, allowing a clear overview; more topics can be represented with
less detail. Also, diagrams may be easier to refer to in collaboration than text,
via deixis (Suthers, Girardeau, & Hundhausen, 2003). In spite of the theoretical
advantages of diagrams for CABLE, texts may be easier to construct for people
who are used to a narrative way of thinking (Chinn & Anderson, 1998). Al-
though argumentation in itself is not linear, argumentative interaction happens
through a linear dialogue. It may be difficult for students to represent their linear
dialogue in a two-dimensional diagram. Thus, the first focus of the studies in
this article was on how the proposed differences between argumentative texts
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and diagrams contribute to broadening and deepening the space of debate in
CABLE.

The second question regarding the use of diagrams in CABLE is about the situ-
ations in which a diagram would be conducive to learning processes (i.e., What
processes and activities do diagrams foster, and when?). A clear distinction should
be made between construction and inspection of diagrams (Cox, 1999). For exam-
ple, the alleged benefits of showing the structure of argumentation may only arise
if students actively construct diagrams themselves. In contrast, giving an overview
or helping to maintain focus may be promoted most when students inspect a dia-
gram. The question of how to use a diagram is closely related to the question of
when to use a diagram. For example, when students construct a diagram during
discussion, it becomes a medium through which they discuss and build on one an-
other’s ideas (Suthers et al., 2003; Van Drie et al., 2005). Constructing a diagram
before discussion activates prior knowledge and helps students to structure and re-
late information about the topic. The advantage of individually constructed repre-
sentations before discussion is also based on the hypothesis that people will argue
more when they clearly see the things on which they differ (De Vries, Lund, &
Baker, 2002). During the discussion, diagrams form the basis for discussion if they
present a clear and concise overview of the space of debate or an individual point
of view (Kanselaar et al., 2003). The differences between constructing and inspect-
ing a diagram during CABLE have become more important in recent years, be-
cause new technologies make it possible to automatically present students with an
argumentative diagram of the discussion they are engaged in. The linear, argumen-
tative discussion is automatically put into a two-dimensional structure. This was
also a goal for the SCALE project (Internet-Based Intelligent Tool to Support Col-
laborative Argumentation-Based Learning in Secondary Schools), of which this
study was a part. Thus, the second focus of our studies was the question of whether
it would help if someone else (e.g., an automatic system) represented argumenta-
tive texts as argumentative diagrams for later use during a discussion between stu-
dents, compared to diagram construction by the learner. Because there was no au-
tomatic system available yet, the researchers changed texts into diagrams by hand
(for more information, see the Method section).

The third question is how learners actually use diagrams. Although research has
shown that different representations (e.g., diagrams and texts) provoke different
learning activities (Suthers & Hundhausen, 2003; Zhang, 1997), representations
do not determine learning activities. Perceived task goals, personal goals, and abil-
ities may influence the realized benefits of argumentative diagrams as learning
tools. For example, Postigo and Pozo (2000) described how a presented visual
(mathematical) graph was only helpful for learning when interpreted globally. Lo-
cal inspection led only to a focus on explicit elements, whereas global inspection
required establishing conceptual relations based on an overall analysis of struc-
ture. Similarly, the benefits of the argumentative diagram in an open domain may
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only arise when students recognize its overall structure. It is in relating different ar-
guments that co-construction and transformation of knowledge can take place.
Therefore, it is also important to know whether students use the representations to-
gether or individually. Whereas individual use of an argumentative diagram might
lead to a simple accumulation of arguments, collaborative use can lead to concep-
tual change (see, for example, Roschelle, 1992, on convergent conceptual change).
Our third question therefore aimed at a qualitative exploration of what students ac-
tually do with the representations when exploring the space of debate. We in-
spected when students looked at representations, what they did with them, and
what they said about them to their partners.

The present study addressed all three aforementioned questions. We examined
the quality of an open-ended discussion in terms of breadth and depth of the space
of debate, and we related this to the use of external representations. More specifi-
cally, we (a) compared a text and a diagram that students individually constructed
before and after discussion, (b) compared the collaborative use of a diagram stu-
dents constructed themselves with a diagram that was made for them by the re-
searcher based on students’ own texts, and (c) investigated how students actually
used these representations during collaboration.

Because research in this domain is fairly new, our study is prospective in nature.
The differences between texts and diagrams in terms of linearity, space, and ability
to indicate relations could lead to different processes of broadening and deepening
the space of debate. For example, a diagram may be a good tool to broaden the
topic under discussion, whereas a textual representation may lead to more deepen-
ing in detail. A diagram provided to the students may lead to the broadest and
deepest discussion, because students benefit from both linear detail they wrote in
text and from the structure and relations shown in the given diagram. However, if
construction is more important than the modality of the representation in itself,
then students do not benefit from this given diagram.

METHOD

Participants

Students from seven classes in four high schools (pre-university) in The Nether-
lands participated (N = 195). Schools in The Netherlands have been working since
1999 to implement an innovation in which active acquisition and collaborative
construction of knowledge in project-based settings are emphasized (Stuurgroep
Profiel Tweede Fase Voortgezet Onderwijs, 1994), and students need to learn to
work with and through information and communication technology (ICT) applica-
tions to reach educational goals (Stichting ICT op school, 2001). The participating
schools volunteered to participate after a survey on these innovations answered by
77 schools, because they felt a need for research and support on implementation of
the innovations (SCALE Team, 2002b).
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The students were 15 to 18 years old. A questionnaire given before intervention
showed that collaboration in groups of two or more students was a fairly common
practice, as was (individually) writing an argumentative text; students indicated
having done this at least 1 to 5 times in the previous year. Seventy-five percent of
the students used computers to chat with other people but did not use them in
school tasks. Half of the students indicated experience with collaborative work via
the computer for school, but the other half said they had no experience with group
work on the computer. Students were randomly divided into three groups accord-
ing to condition (text, diagram, or given diagram made from text), and were put in
dyads of students who differed in viewpoints and/or arguments. Due to absentee-
ism, the number of dyads that were actually available for analysis (N = 58) was
much smaller than the total number of dyads (N = 96), but dropout rates were about
equally divided across conditions.

Design of the Study

We used a computer-mediated task consisting of three phases (see Figure 1). In the
first phase, students individually wrote a text or constructed a diagram to reflect
their own opinion on the topic of genetically modified organisms (GMOs). In the
second phase, pairs of students discussed via chat and wrote an argumentative text
together. During collaboration, the students could inspect their own and their part-
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FIGURE 1 Design of the study.
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ner’s individual text or diagram or a diagram constructed by the researcher of their
texts. This given diagram was based on students’own ideas. It was a diagram made
from the texts students wrote themselves, not a diagram made of an expert’s ideas
to show the “perfect” space of debate. In order to illuminate differences in con-
struction versus inspection of diagrams for learning, the diagrams should be com-
parable in terms of structure and content. Therefore, the given diagrams repre-
sented learners’ own ideas instead of an expert’s ideas. In the third phase, students
individually revised the texts or diagrams they had created in Phase 1.

In short, the study included between-group differences in constructed represen-
tations before and after discussion (text, diagram) and in inspected representations
during discussion (text, diagram, diagram made from text), and within-group dif-
ferences comparing individual representations in Phases 1 and 3.

Computer Environment

The computer environment that was used was Text Composer, Computer Sup-
ported & Collaborative (TC3), developed at the Department of Educational Sci-
ences in Utrecht to support collaborative argumentative writing in dyads (Jaspers
& Erkens, 2000). For the present study we developed an individual and a collabo-
rative version of TC3. When the individual version of TC3 was started, a user saw
three windows: a chat window (disabled), a window to write a text, and an infor-
mation window. An extra feature was a diagram (Figure 2), which popped up when
the Diagram button was clicked. The information window consisted of nine tabs
containing the task assignment, a manual, criteria for assessment, and six informa-
tion sources on the topic of GMOs. We searched for information about GMOs on
the Internet, in newspapers, and in magazines. Sources were chosen that reflected
diverse standpoints and arguments (see SCALE Team, 2002a). In the individual
version, students used either the text window or the diagram, depending on the
condition they were in.

The main windows in the collaborative version were the same as those in the in-
dividual version of TC3 (chat, text, and information; see Figure 3 with boxes num-
bered for easy reference). Students needed a number to log on, which enabled the
program to link two computers. The chat window (1 in Figure 3) could then be
used to chat with the partner the student was linked to. It had three parts: On the
bottom, a student could type his or her lines, in the middle one could see what the
other one was typing, and at the top the chat history was shown. The chat history
was saved for all sessions. The text window (2), used for collaborative text writing,
could only be accessed in turns. Turn taking was done by using the traffic light (4).
The information window (3) did not contain information sources on GMOs any-
more, because we wanted students to make use of the information they had put in
their individual representations instead of the information in the official sources to
see what they thought was important themselves. The TC3 manual, information on
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the assignment, and assessment criteria were still available. Students had access to
individually made texts or diagrams to look at their own standpoint and arguments
or see their partners’ representation. The representations were shown when a stu-
dent clicked the buttons in the lower bar (5). All of these windows could be ac-
cessed at all times; there was no specific order in which the task had to be carried
out. Students could see on their own screen when their partner was chatting or writ-
ing text, but not when their partner was looking at the representations or the task in-
formation. There was no shared pointer to refer to things; students could only refer
in language.

Procedure

The study consisted of six sessions of 50 min. Students were asked to discuss and
write about the controversial topic of GMOs. Because the topic of GMOs and ar-
gumentation are both part of the curriculum in upper secondary education, the ex-
periments could be conducted during (six) regular hours in classes of Dutch lan-
guage or biology.
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FIGURE 2 An example of a diagram in the individual version of TC3 (translated from Dutch to
English).
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The six sessions were divided into three phases: (a) the individual preparation
phase, about 80 min long; (b) the discussion and collaborative writing phase, about
150 min long; and (c) the individual consolidation phase, about 30 min long (see
also Figure 1).

In the instruction we emphasized that many viewpoints on GMOs are possi-
ble, that there are no right or wrong ideas, and that it was important to discuss
these ideas. Students were instructed to try to reach agreement, not to play a
win/lose game, in order to elicit more discussion (Veerman, 2000). Students
were told that we would rate both the collaborative text and the chat.

In the first phase, students individually gained initial knowledge on the issue of
GMOs by reading information sources. They formed their opinions, supported
with arguments and counterarguments, and put the opinions in a diagram or text.
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FIGURE 3 Screen dump of the collaborative version of TC3 (translated from Dutch to English). 1 =
chat window; 2 = text window; 3 = information window; 4 = traffic light; 5 = bar allowing students to
view representations.
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This was both a preparation for the students and a first individual assessment for
the researchers.

Between the first and the second phases, the researchers formed dyads of stu-
dents based on the individual representations that the students had constructed in
Phase 1. Students with different opinions and/or different arguments were put to-
gether in order to provoke discussion between students with different ideas on
GMOs. Not all dyads were comparable in terms of breadth and depth of the indi-
vidual representations, but there were no differences in (in)equality of dyads
across conditions.

For the given diagram condition, the researchers constructed diagrams of the
texts students had written. Diagrams contained sentences from the texts in boxes,
and linguistic markers were used to construct arrows. Sentences in text were sum-
marized in diagram to fit the boxes. Appendix A shows an example of a text that
was represented in a diagram (translated from Dutch into English).

In the second phase, dyads chatted about GMOs and wrote an argumentative
text together reflecting their opinion. Writing gives direction and meaning to the
discussion and may further broaden and deepen the space of debate. Information
sources were not available anymore, but two individual texts, two diagrams, or two
diagrams made by the researcher of the texts were. We decided to take away the in-
formation sources because we wanted students to use the individual representa-
tions they had created from the information sources instead of the information
sources themselves. Dyads consisted of students from the same class. They were
either put in two different classrooms or seated as far apart as possible in one class-
room. They were not allowed to talk to each other during sessions. Students could
have discussed the task in between sessions. However, students normally do not
talk about the task in between sessions. If they do so at all, they talk about what
they thought of the task, but not about the task itself. The protocols did not give any
indication that students discussed the task in between sessions.

In the third phase, individual students went back to their individual diagrams or
texts and revised these to represent what they thought and knew about the topic af-
ter debate. This revision was used to evaluate students’ individual knowledge and
ideas after working in dyads.

Methods of Analysis

The process of collaborative discussion and writing was analyzed with MEPA
(Multi Episode Protocol Analysis; Erkens, 2001). MEPA automatically divides the
protocol into separate activities. The chat was separated by students pressing <En-
ter>; the text was separated by students taking turns. Every push of a button was
separately logged, and the log file could be used to replay the whole process. The
unit of analysis for chat followed MEPA’s division of activities, except when stu-
dents cut their sentences in chat or put different argumentative moves in one sen-
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tence. In Phases 1 and 3 we did not analyze the process but the product of the
phase. The unit of analysis for the individually constructed texts and diagrams was
a sentence, except when students put more argumentative moves in one sentence.

Rainbow. The Rainbow framework (Baker, Andriessen, Lund, Van Amelsvoort,
& Quignard, in press), developed in the SCALE project, defined students’ general
collaborative activities into seven categories. These seven categories distinguish
outside (Category 1) from inside (Categories 2–7) activity, and task-focused activ-
ities (Categories 4–7) from non-task-focused activities (Categories 2–3). The last
three categories (Categories 5–7) include argumentative activities. A description
of each of the categories can be found in Table 1. Together, they reflect the richness
and diversity of a real-life discussion in a certain task environment. The categories
can only be applied in their context, because activities derive their meaning within
the collaborative process. The framework is descriptive, not normative, and pro-
vides information on both frequencies and sequences of activities. For example, it
showed how many of students’ activities were aimed at exploring the space of de-
bate. Because the categories are indicated with the seven colors of the rainbow, the
sequence of activities can be easily viewed visually in an analyzed protocol. More-
over, the Rainbow framework could be applied to all activities students carried out
in the collaborative environment, revealing the mix of activities in chat, writing,
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TABLE 1
Rainbow Categories

Category Explanation Example

1 Outside activity All interactions that do not have
anything to do with the task

“How was the party yesterday?”

2 Social relation All remarks about the social
relation

“You are doing well!”

3 Interaction
management

All remarks about
communication, such as
checking presence or checking
understanding

“Hello, are you there?”

4 Task management All remarks and actions for
managing the task

“It’s your turn to write now.”

5 Opinions All statements about students’
opinions

“I am in favor of genetically
modified organisms.”

6 Arguments All arguments and
counterarguments students use
to support or rebut a statement

“Because of genetically modified
food hunger in the third world
will be banned.”

7 Explore and deepen All remarks that explore and
deepen the (counter)arguments

“But hunger in the third world is
not due to lack of food in the
world, but to unequal division
of food.”



representations, and the computer environment. Interrater agreement on 10 proto-
cols was .82 (Cohen’s kappa).

Breadth and depth of the space of debate. Whereas Rainbow told us about
general activities in chat and writing, breadth and depth of the space of debate told
us about the extent to which the topic was explored. Breadth and depth of the space
were based on Categories 5, 6, and 7 of the Rainbow framework, because these cat-
egories comprise argumentative content. This was done first because we wanted to
elaborate upon students’ argumentative activities, the main concept in our studies.
Second, the analysis of breadth and depth of the space of debate could be applied to
both the individual representations and the collaborative discussion and writing,
enabling us to view development of the space of debate in the three phases. The
Rainbow framework, in contrast, was developed for the processes of collaborative
activities only.

The breadth of the space of debate was defined as the number of topics and
subtopics mentioned. The debate on GMOs includes a variety of epistemological
points of view (biological, agricultural, political, economical, ethical) and a vari-
ety of social actors in the debate (grain producers, researchers, citizens, farmers,
politicians, nongovernmental organizations). When students broaden the space of
debate, they may look at GMOs from the view of Greenpeace, but also from the
view of the government, or they may move from talking about consequences of
GMOs for health to consequences for the environment. We distinguished five main
topics in the GMOs issue, namely health, environment, affluence, worldview, and
other. These topics were further divided into 14 subtopics (such as affluence—
hunger/food; affluence—costs/benefits). Interrater reliability of breadth between
two judges was .75 (Cohen’s kappa).

When students deepen the topic under discussion, they relate different concepts
and elaborate upon their arguments. For example, students do not only say that
GMOs are bad for the environment, but they also argue why this is the case and
give an example. For the analysis of the depth of the debate, we developed a scor-
ing system in which all content-related utterances were analyzed in their immedi-
ate context. The scheme consisted of four categories that received different
weights: (a) stating an argument, (b) giving an example or explanation of an argu-
ment, (c) stating a support or rebuttal, and (d) providing an explicit explanation of a
relation between different arguments. We looked at episodes of content-related ac-
tivities. For example, a support or rebuttal could only be scored if an argument had
been scored first. In the statistical analyses these categories were used separately.
Hence, there were four scores that students could get for depth. However, because
deepening the space of debate is shown by a line of argument, we also looked at the
total depth to which the scores on the separate categories were added. Table 2 gives
an example of a scored protocol. The interrater reliability of the depth of the space
of debate was .77 (Cohen’s kappa).
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One of the strengths of this analysis is that it can show the process of explora-
tion. The concepts of breadth and depth do not judge the correctness of arguments,
nor do they follow logical argumentation, because students are engaged in collabo-
rative explorations of the space of debate (Nonnon, 1996). Rather, they indicate to
what extent students incorporate different topics and actors in the debate (broaden-
ing) and to what extent they go into these topics and ideas of actors in the debate
(deepening).

The fact that breadth and depth do not judge the correctness of arguments can
also be considered a limitation. It is possible that students broaden and deepen the
space of debate with arguments that do not make sense. We chose not to consider
the correctness of arguments because arguments that are not logical or correct may
still contribute to the learning process. They may help students come to other con-
clusions, for example. Moreover, we are talking about open domains for which
multiple “solutions” exist. However, broadening and deepening would not be the
best measure of correct information learned (i.e., whether arguments are correctly
attributed to certain stakeholders, or whether genetic modification as a concept is
correctly understood).
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TABLE 2
Example of Scoring Breadth and Depth of the Space of Debate

Content of Argument Who From Where Breadth What Happens Depth

I am pro, because it is good
for the 3rd world, they
can use extra vitamins

Maria own diagram Health—
nutrients

argument and
explanation

1 + 2

No, the 3rd world cannot
afford GM, it is only
meant for the rich West,
and then nobody will buy
products from the 3rd
world anymore

Tom new Affluence—
division

rebuttal, explicit
relation and
explanation

3 + 4 + 2

But the rich countries will
help the poor countries
with money and funding

Maria new Affluence—
division

rebuttal and
explanation

3 + 2

That happens already
(funding), but with
GMOs nobody will buy
things from the 3rd world
and they will become
even more poor

Tom new Affluence—
division

rebuttal and
further
explanation of
argument #2

3 + 2

Total 22



Use of individual texts and diagrams during collaborative phase. The
representations (text, diagram, and given diagram made from text) were available
for inspection during the second phase of discussion and collaborative writing.
The analysis presented here addresses the third research question of how these rep-
resentations were used by the students in collaboration. We as researchers and de-
velopers may have ideas on how representations should be used, but that may not
be what students actually do. Students can use the representations in a local way
(i.e., to copy elements) or in a more global way (i.e., as a starting point for a con-
structive discussion that leads to constituting or transforming knowledge). More
specifically, we distinguished seven ways in which students used the representa-
tions during the collaborative phase: (a) to look at each other’s representation and
compare; (b) to remember their own opinion or arguments; (c) to copy, to find ar-
guments, as a source of information; (d) as a trigger to talk or write about; (e) as a
starting point, followed by individual construction of new or transformed knowl-
edge; (f) as a starting point, followed by collaborative construction of new or trans-
formed knowledge; (g) unclear. These seven ways of using the individual repre-
sentations were derived from the protocols, by looking at what students actually
did during chatting and collaborative text writing. Like the other two analyses, this
analysis can only be derived in its context. For example, the protocol showed that a
student first clicked the button to view her own representation, then clicked the but-
ton to view her partner’s representation, and then chatted: “We are both in favor of
GMOs.” This episode could then be categorized as (a).

RESULTS

The description of the results follows the task phases. First we describe the individ-
ual breadth and depth of texts and diagrams in Phase 1. Then we look at how dyads
worked in the collaborative chat and text writing (Phase 2). In Phase 2, we also take
a more in-depth look at how students used the representations in their exploration
of the topic of GMOs. Finally, we look at the breadth and depth of individual texts
and diagrams in Phase 3 and their improvement over time.

Phase 1: Individual Construction of Text or Diagram

Our first research question dealt with differences in breadth and depth of two types
of constructed representations: texts and diagrams. Students individually con-
structed either a text or diagram in Phase 1. We conducted independent-samples t
tests on the breadth and depth scores between text and diagram conditions. There
were no significant differences in breadth of the space of debate between texts and
diagrams, t(58) = 1.20, p = .24. Results also showed no significant differences for
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any of the measures of depth (arguments, explanations/examples, supportives/re-
buttals, explicit relations). This means that students in both conditions started their
collaborative Phase 2 with similar individual spaces of debate.

Phase 2: Collaborative Discussion and Text Writing

The second research question was aimed at understanding differences in explora-
tion of the space of debate when students had a text, a diagram, or a given diagram
available for inspection. We first analyzed the collaborative discussion and writing
(i.e., Phase 2) within the Rainbow framework to characterize the activities students
performed in general. From these general activities, we isolated the argumentative
content actions and analyzed them on breadth and depth of the space of debate.

Activities in chat and writing in dyads: Rainbow. Results of Rainbow anal-
yses are shown in Table 3. A one-way analysis of variance (ANOVA) was per-
formed on the means of the Rainbow categories between the three conditions. We
did not find significant differences for any of the Rainbow categories. Only Rain-
bow Category 5 (Opinions), F(2, 27) = 3.17, p = .06, showed an almost-significant
difference; the percentage of opinions in the T condition was higher than in the
other two conditions. Therefore, we talk about the means of percentages over all
three conditions (adding and dividing the three columns in Table 3) in the remain-
der of this section. Overall, less than 4% of students’ activities were outside activ-
ity, indicating that they were focused on the task. Most striking in the results was
the fact that students invested a large amount of their activity (66%) in managing
the task, specifically the writing task. For example, the students discussed who was
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TABLE 3
Mean Frequencies (SDs) and Percentages of Rainbow Categories

Category

Text Diagram Provided Diagram

Frequency, M
(SD) %

Frequency, M
(SD) %

Frequency, M
(SD) %

1 Outside activity 6.40 (7.09) 1.2 23.10 (33.96) 4.6 30.40 (26.74) 5.4
2 Social relation 21.50 (18.86) 4.5 18.20 (10.68) 4.0 31.00 (31.50) 5.0
3 Interaction

management
46.80 (29.07) 9.6 47.70 (19.36) 10.1 49.00 (30.94) 9.0

4 Task
management

298.30 (102.12) 65.0 318.10 (88.72) 67.5 341.70 (102.32) 66.4

5 Opinions 27.50 (8.91) 6.5 18.00 (6.87) 3.9 24.00 (10.00) 4.7
6 Argumentation 19.20 (8.46) 4.5 20.00 (10.36) 4.2 17.50 (7.88) 3.7
7 Explore and

deepen
35.40 (20.66) 8.8 25.10 (12.63) 5.7 29.50 (17.15) 5.7

Total 455.10 100 470.20 100 523.10 100



to write, counted the words of their text, looked at their individual texts or dia-
grams, or worked on structure or spelling of the text. About 16% of all activity was
spent on content interaction (Categories 5, 6, and 7), chatting and writing about
GMOs. This percentage was consistent with findings in other argumentative tasks
(e.g., Van Boxtel, 2000; Veerman, 2000).

Content-related argumentative interaction in chat and writing. ANOVAs
of breadth and depth in the collaborative phase showed a significant difference be-
tween dyads in the diagram and text conditions for both broadening, F(2, 27) = 5.82,
p < .05, and deepening, F(2, 27) = 3.48, p < .05, the space of debate. Post hoc tests in-
dicated that dyads broadened more in the diagram condition than in the text condi-
tion and the given diagram condition and also deepened more in the diagram condi-
tion than in the given diagram condition. The text condition did not differ from the
diagramand thegivendiagramconditionsondeepening thespaceofdebate.Thesig-
nificant difference in depth was due to a difference in examples and explanations,
F(2, 27) = 7.96, p < .05, with the diagram being deeper (M = 18.4, SD = 5.9) than the
text (M = 11.6, SD = 4.9) and the given diagram (M = 10.2, SD = 3.8).

In short, students in the diagram condition broadened and deepened the most.
The given diagram condition did not benefit from constructing text and inspecting
diagram. Students in the given diagram condition broadened and deepened the
space of debate less than dyads in the other conditions.

Broadening and deepening the space of debate in the collaborative Phase 2 was
doneviachat andviacollaborativelywriting theargumentative text, both indifferent
windows. We therefore split chat and writing (see Figures 4 and 5). Correlations
werenot significantbetweenchatand text ineitherbreadth (r=–.25,p=.18)ordepth
(Mr= .13ondepthmeasuresseparately,p>.05), indicating that therewasnostraight-
forward relation between dyads’ exploration in chat and in collaborative writing.
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FIGURE 4 Mean depth of the space of debate per condition. dia = diagram; repr = representa-
tions.

http://www.leaonline.com/action/showImage?doi=10.1207/10508400701524785&iName=master.img-003.png&w=245&h=133


In chat, a trend toward significance for broadening the space of debate in
chat, F(2, 27) = 3.07, p = .06, was seen, with dyads in the diagram condition
broadening the most (Mchat = 8.8, SD = 2.4) and dyads in the given diagram con-
dition broadening the least (Mchat = 6.1, SD = 2.6). There was no significant ef-
fect in chat for deepening the space of debate between conditions, F(2, 27) =
0.80, p = .46.

In collaborative writing, there was a trend toward significance for broadening
the space of debate, F(2, 27) = 2.94, p = .07, with dyads in the diagram condition
broadening the most (Mwriting = 9.5, SD = 1.4) and dyads in the text condition
broadening the least (Mwriting = 7.6, SD = 2.0). For deepening, we found a signifi-
cant effect between conditions, F(2, 27) = 4.95, p < .05. Students in the diagram
condition (M = 10.9, SD = 2.2) used significantly more examples and explanations
than students in the text condition (M = 5.7, SD = 1.8) and the given diagram condi-
tion (M = 5.4, SD = 1.9), F(2, 27) = 24.04, p < .01. The number of arguments used
in writing showed a trend toward significance, with the diagram condition deepen-
ing with more arguments (M = 11.9, SD = 5.5) than the given diagram condition (M
= 8.5, SD = 3.9) and the text condition (M = 8.0, SD = 2.4), F(2, 27) = 2.66, p = .09.
Figures 6 and 7 display the subcategories for depth and breadth separately in chat
and in writing.

To summarize, dyads in the diagram condition deepened their collaborative
writing more than dyads in the other two conditions, mainly due to the number of
explanations and examples they used. Although the difference in broadening was
not significant, the effect sizes were high, indicating that this difference might have
become significant with a larger sample size. Students in the given diagram did not
benefit from both text construction and diagram inspection; they never scored
higher than students in the other two conditions on either breadth or depth of the
space of debate.
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FIGURE 5 Mean breadth of the space of debate per condition. dia = diagram; repr = repre-
sentations.
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How students used the representations in exploring the space of debate.
The third research question was concerned with variations between dyads in how
they used the representations in their collaborative effort to broaden and deepen the
space of debate. As can be seen from the results described above, standard devia-
tions were rather high. This means that there were substantial differences between
dyads in one condition. In this section a qualitative exploration of different types of
dyads is presented in order to illustrate the sources of variation in the use of repre-
sentational tools.

When we take a closer look at the differences in broadening and deepening for
each dyad, we can distinguish three types of dyads. Some dyads broadened and
deepened the space of debate very much in chat, compared to their individual rep-
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FIGURE 6 Frequencies of depth and breadth in chat, split for the three conditions. 1 = argu-
ments; 2 = examples and explanations; 3 = counters/rebuttals; 4 = explicit relations. dia = dia-
gram.

FIGURE 7 Frequencies of depth and breadth in collaborative writing, split for the three con-
ditions. 1 = arguments; 2 = examples and explanations; 3 = counters/rebuttals; 4 = explicit rela-
tions. dia = diagram.
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resentations, but not in writing. We call these the Mountains, because their broad-
ening and deepening scores can be visually represented as a mountain (Ë), namely
relative low score on individual representations, high score in chat, and low score
in collaborative writing. For other dyads the opposite was true: These groups were
the Valleys (V); and a third group of dyads that showed a shallow individual repre-
sentation, followed by a somewhat broader and deeper chat, and an even broader
and deeper collaboratively written text (the Rising Slopes, /). Figure 8 displays
scores of a Mountain, Valley, and Rising Slope pair to visually show how they re-
ceived their names. The scores of all dyads can be found in Appendix B. Two
dyads could not be classified. From Appendix B it can be seen that the Rising
Slopes were found more in the diagram condition (5 times) than in the other two
conditions (2 and 3 times); the other types were about equally divided over condi-
tions. Note that in reality, chat and collaborative writing can be done in parallel;
students do not have to use chat first and text later.

Below an example is given of a dyad that can be defined as Mountain (text con-
dition). After exchanging greetings and some initial viewpoints, they chatted as
follows:

Joleen: why are you in favor?
Mary: because I think it could solve a lot of problems in the world, e.g. famine

[telling from own individual text]
Mary: I think it is not necessary in the West, we already have enough [new]

Joleen: And little farmers won’t have any chance when gm-food is made by
other companies [telling from own individual text]

Mary: Indeed, I also think we should still have natural food [telling from own
text]

Joleen: Indeed, gm is ok, but there are boundaries [telling from own text]
Mary: It is important that it is safe for humans [new]
Mary: You shouldn’t die after eating gm-food [transforming]
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FIGURE 8 Visual display of a Mountain, a Valley, and a Rising Slope. dia = diagram.
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From this excerpt, all done in chat, it can be seen that students explored their
space of debate in chat. Mary answered Joleen’s question first with an opinion that
she had already put in her individual text, but then elaborated on her own opinion
with a restriction that GMOs would not be necessary in the West. Joleen implicitly
agreed with her on restrictions by giving another argument against GMOs. Giving
arguments from the two individual texts combined with elaborations and transfor-
mations, these two students negotiated a joint standpoint with arguments in chat
that they later put almost exactly in their collaborative text. The beginning of their
collaborative text is displayed below:

We are in favor of genetic modification, if we keep boundaries.
We think that especially in the West genetic modification should not be used,

because we already have more than enough here. Here in the West we often have
food in abundance, so genetic modification wouldn’t help us.

In the third world, genetic modification can be a solution to famine.…

The next example is of a Valley (given diagram condition). This excerpt dis-
plays the start of their collaboration. Note the immediate focus on writing the text:

Bill: Hi Colin, let’s write!
Bill: You were against, weren’t you?

Colin: I am against applications that haven’t been researched yet. I am in favor
of applications that have proven to be useful [telling from own individual
diagram]

Bill: Me too
Colin: See Colin’s product

Bill: [writes in text:] We are in favor of GMOs, only if the applications have
been researched and proven [telling from chat and partner’s diagram]

These two excerpts of chat and writing are typical of their categories. Valley
dyads were focused on writing; they saw the collaborative text they had to write as
the goal of the task. Chat was used mostly to manage the writing task. For example,
the dyad from the excerpt above was aimed at managing the task (Rainbow Cate-
gory 4) in chat 86% of the time. Only 6% of their chat was aimed at argumentative
interaction (Rainbow Categories 5–7). The Mountain dyads were much more fo-
cused on exploring the space of debate before they started writing. However, their
collaborative text was not as broad or deep as their chat. A Rising Slope dyad
showed characteristics of both Mountains and Valleys: Some focused on discus-
sion in chat, and some focused on broadening and deepening in text.

How were individual representations used in Phase 2, the discussion
phase? While students are discussing and writing together, they had access to
the individual texts or diagrams they had made. We logged the frequency and tim-
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ing of students’ looking at the individual representations. Unfortunately, due to an
error in the log file, we cannot be certain which representation was a student’s own,
and which was the partner’s. However, we can distinguish between the two repre-
sentations. During collaboration, students looked about 16 times at one representa-
tion (M = 15.67, SD = 12.03), and 18 times at the other representation (M = 17.67,
SD = 11.74), for about 20 s at a time. An ANOVA revealed no overall differences in
how often, F(2, 27) = 0.39, p = .68, or how long, F(2, 27) = 1.13, p = .34, students
looked at the individual representations between conditions. However, when we
distinguished Mountains, Valleys, and Rising Slopes, dyads defined as Mountains
checked their individual representations significantly fewer times (M = 23.0, SD =
18.2) than Valleys (M = 44.5, SD = 16.1) or Rising Slopes (M = 46.2, SD = 24.3),
F(2, 23) = 3.78, p < .05.

Dyads defined as Mountains, Valleys, or Rising Slopes differed not only in fre-
quency of using their individual representations, but also in the way in which they
used these representations during the collaborative phase. In chat, Mountains as
well as Rising Slopes used the individual representations more often than Valleys
as a starting point for discussion, leading to a constructive collaborative discussion
(Mmountains = 1.7; Mrisingslope = 1.5; Mvalley = 0). In writing together, Mountains
showed less telling from individual representations than Valleys or Rising Slopes
(Mmountains = 0.7; Mrisingslope = 4.3; Mvalley = 3.7). Mountains made less use of the in-
dividual representations during writing overall (Mmountains = 1.7; Mrisingslope = 6.5;
Mvalley = 5.7).

Below some examples are given of how students used the representations while
they were discussing the topic of GMOs. The first excerpt (diagram condition, Val-
ley) is an example of how students used the individual products to remember their
viewpoints and arguments and to compare their representations. They first looked
at the diagrams they had made individually and checked their partner’s representa-
tion. Then they started discussing each other’s work. This often happened at the
start of the collaborative phase or at the start of a new lesson.

[Vincent and Katie both start by looking at each other’s diagram, then chat]

Katie: Your point of view is neither for, neither against [deduction from part-
ner’s diagram]

Vincent: Yours is definitely in favor, wait, I’m going to read it carefully [deduc-
tion from partner’s diagram]

[Vincent opens Katie’s diagram]

Katie: Ok

[Katie opens Vincent’s diagram]

Vincent: Your text* is good, how is mine?
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Katie: Also good, but I think you are more in favor than against
Vincent: Yes, that’s right
Vincent: Then let’s write a text that is pro, but also has some aspects of against

Katie: A little in favor, a little against
Vincent: exactly

…
Katie: Uhm … GMOs are good for society? [transforming]

[Vincent opens own diagram, Katie opens Vincent’s diagram]

Vincent: Genetic modification of food is good, as long as there are no harmful
consequences? [telling from own diagram]

*Vincent refers to Katie’s diagram as text.

Sometimes the individual representations could give rise to a discussion that
moved beyond what was written in the representations and led to an elaboration of
ideas and arguments. In the discussion, this was mostly a collaborative activity,
whereas during collaborative text writing, the elaboration was also often done by
the individual who was writing. In the example below (given diagram, Mountain),
Aisha and Odin exchange greetings first and then spend some time looking at both
individual representations. Then Aisha summarizes their two individual given dia-
grams by saying that she thinks they agree. Odin agrees with her finding but then
elaborates on his own ideas with a more subtle opinion that he didn’t mention in his
representation. This gives rise to new arguments, such as the one from Aisha at the
end of the excerpt:

[After exchanging greetings and looking at both individual representations]

Aisha: I think we agree for a large part
Odin: indeed
Odin: Actually, I’m both in favor and against [new]

Aisha: How?
Odin: I think we should adjust our food production to the world population, or

even more people will die from hunger [telling from own diagram]
Aisha: Exactly, but we cannot use it to make it easy for ourselves [new]

During text writing, individual representations were often used to find argu-
ments and put them in the collaborative text, more or less literally. Students also
occasionally looked at the individual products when their partner was writing,
communicating found arguments to the other person by chat or using them later
when they wrote a part of the collaborative text, as in this example (text, slightly
Rising Slope):
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[After almost an hour of collaborating, Nelly is writing the introduction of the col-
laborative text, while Kim is looking at her individual text]

Kim: Shall I write something about diversity? [topic from her individual text]
Nelly: I’ll do that, so you can look at my introduction and finish that

In summary, our qualitative analyses showed that three strategies could be dis-
tinguished in CABLE, namely Mountains, Valleys, and Rising Slopes. These strat-
egies determined how dyads of students used representational tools. Students who
displayed a deep discussion in chat (the Mountains and Rising Slopes) used their
representations mostly to start a co-constructive discussion, whereas students who
displayed a shallow discussion in chat (the Valleys) mostly copied information
from their representations directly into their collaborative text.

Phase 3: Individual Revision of Text or Diagram

In Phase 3, after discussion, students revised their individual texts or diagrams
from Phase 1. We first compared texts and diagrams in the third phase. Then we
compared the revised representations from the third phase with the constructed
representations from the first phase to get an indication of individual learning. Ta-
ble 4 presents the means and standard deviations for breadth and depth of texts and
diagrams in the first preparation and the third consolidation phase.

Texts versus diagrams in Phase 3. An independent-samples t test revealed
no differences in either the breadth of the space of debate between the diagram and

508 VAN AMELSVOORT ET AL.

TABLE 4
Means (SDs) of Breadth and Depth in Individual Representations

Text Diagram

Phase Type M SD M SD

Phase 1: Individual
preparation

Breadth 5.9 1.9 6.4 2.1
Depth 1

2
3
4

6.5
2.0
4.0
0.3

2.8
1.3
2.3
0.6

5.7
3.6
3.1
0.0

1.8
2.3
2.4
0.0

Phase 3: Individual
consolidation

Breadth 6.8 2.1 7.6 1.7
Depth 1

2
3
4

7.6
3.4
4.4
0.3

3.1
1.8
2.6
0.7

8.3
4.2
3.5
0.1

2.0
2.3
2.2
0.2

Note: Depth: 1 = arguments; 2 = examples and explanations; 3 = counters/rebuttals; 4 = explicit
relations. There were no significant differences between the text and diagram conditions.



the text conditions after discussion, t(57) = 1.55, p = .13, or in the depth of the
space of debate. This means that there was no difference between texts and dia-
grams in breadth and depth of the space of debate after discussion.

Learning with texts or diagrams. Comparison of the revised representations after
discussion with the ones constructed before discussion gave us an indication of what
individual students learned from discussion and collaborative writing, and whether
theformatof therepresentationshadaneffect.Toexamine theeffectsof theformatof
the representations on learning, an ANOVA was performed on the diagrams and
texts made before and adapted after discussion. The design of the analysis was for-
mat (diagram, text) as a between-subjects factor, with the repeated measure of time
(before discussion, after discussion). Analysis revealed a significant effect of time,
F(1, 57) = 45.54, p < .001, for breadth, indicating that all students had broadened
their space of debate after discussion. However, there was no interaction with for-
mat, F(1, 57) = 0.95, p = .33. There was also a significant effect of time, F(1, 58) =
60.83, p < .001, for depth, indicating that all students had deepened their space of de-
bateafterdiscussioncompared tobeforediscussion (seeFigures9and10).Asignifi-
cant interaction with condition, F(1, 58) = 4.07, p < .05, was found. This was due to a
significant difference in number of arguments. Before discussion, the number of ar-
guments was lower in the diagram condition than in the text condition (Mtextbefore =
6.45; Mdiagrambefore = 5.65), but after discussion this relationship was reversed
(Mtextafter = 7.63; Mdiagramafter = 8.25). To interpret the size of the difference, we used
Cohen’s d to calculate difference scores before and after discussion in both condi-
tions. Cohen’s d made students’scores directly comparable, regardless of individual
differences in breadth and depth. We found a mean effect size of 0.95 for depth, and
1.69 for breadth. These scores are considered to be large effects (Cohen, 1988), indi-
cating that students improved their space of debate considerably. Almost 20% indi-
cated a change of opinion in their revised representation.
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FIGURE 9 Frequencies of depth of the space of debate (i.e., arguments, examples/explana-
tions, supportives/rebuttals, relations) before discussion, split for diagram and text conditions. 1
= arguments; 2 = examples and explanations; 3 = counters/rebuttals; 4 = explicit relations.
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In summary, all students learned significantly in terms of breadth and depth of
the space of debate. Closer inspection of the representations revealed that students
did this by adding boxes or sentences in their representations rather than changing
existing texts, boxes, or relations. There were no differences between texts and dia-
grams in the third phase, but students in the diagram condition deepened their
knowledge more than students in the text condition from Phase 1 to Phase 3.

Although all students had individually made and revised either a text or a dia-
gram, there was the extra condition of a given diagram made from a student’s text
by the researcher (see Figures 9 and 10).

Working with the given diagram might have affected the revised texts in a dif-
ferent way than working with the self-made texts. Therefore, we also performed an
analysis in which the revised texts were split: revised texts from students who in-
spected their own text, and revised texts from students who inspected a given dia-
gram from their text. T tests showed no significant differences in depth, except for
the number of arguments, t(38) = 2.09, p < .05, with the number of arguments in
the revised text from the students who inspected their own text being higher (M =
8.60, SD = 2.72) than that from students who inspected the given diagram (M =
6.65, SD = 3.16). This difference was not present in the preparation phase. The
breadth was also significantly different for revised texts, t(37) = 2.60, p < .05, be-
tween students who inspected their own text (M = 7.55, SD = 1.87) and students
who inspected the given diagrams (M = 5.89, SD = 2.11). Unfortunately, this dif-
ference was already present in the preparation phase, indicating an unwanted dif-
ference in students’ placements into conditions.

In line with our expectations, all students learned from the discussion and col-
laborative writing. We found that the self-made diagrams were deepened more
than the texts after discussion compared to before discussion. This was mainly due
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FIGURE 10 Frequencies of depth of the space of debate (i.e., arguments, examples/explana-
tions, supportives/rebuttals, relations) after discussion, split for diagram and text conditions. 1 =
arguments; 2 = examples and explanations; 3 = counters/rebuttals; 4 = explicit relations.
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to the increase in number of arguments. Students in the diagram condition learned
the most, and students in the given diagram condition the least (dautodia = 1.4; ddia =
2.0).

DISCUSSION

This study began with the premise that supporting CABLE with diagrams would
be beneficial for learning. Research on diagrammatic support for CABLE left us
with questions about exactly when and how to use diagrams. Below several impor-
tant factors are uncovered to answer these questions.

Diagrams and Texts

Benefits of diagrams for CABLE as described in the literature and discussed in our
introduction were found in our study. Diagrams functioned as input for the discus-
sion phase and gave rise to a broader and deeper discussion. In this sense, they both
stimulated and guided CABLE (Suthers, 2003). The diagrams students made be-
fore discussion helped to maintain focus during discussion (Veerman, 2000). For
example, when students were finished talking about one topic, or when they did
not know what to write anymore, they looked at their diagrams to find something
new to discuss or write about. Students also sometimes reflected on alternatives
when discussing the representations (Kolodner & Guzdial, 1996). However, all of
these findings were seen not only with diagrams but also with text, indicating that
the benefits of a diagram for CABLE are generalizable to texts as well.

No differences between diagrams and texts were found in the way students indi-
vidually explored the topic of GMOs in breadth and depth before they engaged in
discussion. The fact that there were no individual differences in breadth and depth
between the conditions does make them more comparable for the collaborative
phase.

We have to be careful in interpreting the above-mentioned findings. Argumen-
tative diagrams, unlike most diagrams, are verbally oriented, display a lot of infor-
mation, and are not very spatial (see Lohse, Biolsi, Walker, & Reuter, 1994, on
classification of visual representations). Although the very essence of diagrams is
supposed to ensure a nontemporal, noncausal way of thinking in premises and con-
clusions, we suggest that students designed the diagram in a narrative way. They
focused on the content of the boxes, less on structure of the diagram or on relations
between the boxes. This enhances the similarities between texts and diagrams.
Whether it is the nature of argumentative diagrams or students’ lack of experience
in working with them that caused these similarities needs to be further explored.

The similarity of texts and diagrams in terms of breadth and depth of the space
of debate implies that students could write an argumentative text equally as well as
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construct an argumentative diagram when they were asked to individually repre-
sent their own space of debate. However, the students who constructed and revised
a diagram before and after discussion broadened and deepened their space of de-
bate more than the students who wrote and revised a text. This result implies that
students in the diagram condition learned more during discussion and collabora-
tive writing. The discussion about diagrams may have stimulated students to
gather more arguments. It may be easier to collaboratively broaden and deepen the
topic of GMOs when inspecting diagrams than when inspecting texts, because the
diagrams give a quick overview and are easier to compare and refer to. Another
possibility is that students in the diagram condition learned from the translation
they had to make from the collaborative text to revision of the individual diagram
(Ainsworth, Bibby, & Wood, 2002). The cognitive effort that is involved in transla-
tion from a collaborative linear text to an individual two-dimensional diagram
might have been what triggered learning to take place. Students also collaborated
via chat, which is text based. This means that the difference in the conditions was
not only diagram versus text, but also multimodality versus text alone. It also may
be the case that text writing affects broadening and deepening of the space of de-
bate negatively as opposed to the creation of diagrams, which affects it positively.
It may be more difficult to integrate two individual texts from Phase 1 into one
linearized collaborative text in Phase 2 than it is to integrate two diagrams that are
less linear and therefore easier to linearize into one collaborative text. Figures 4
and 5 show that the diagram and the given diagram conditions showed an increase
in breadth and depth from individual product to chat and text, and a decrease when
revising their individual product in Phase 3. In the text condition, this decrease
started when writing the collaborative text in Phase 2, which corroborates this idea.
If linearization is a possible cause, two lists should be easier to integrate than two
complete texts. However, if this is the case, we would expect the given diagram
condition (in which students received a diagram made by the researcher from their
individual texts) to have better results than the text condition, which was not the
case. Moreover, we did not find negative effects of text writing; students in all three
conditions improved if we compare their individual products before and after col-
laboration. To rule out alternative explanations, we suggest further studies in
which more conditions are used, such as diagram only or creating lists in the prepa-
ration phase.

Construction and Inspection of Diagrams

Construction and inspection of diagrams clearly served different functions in our
study. Students constructed diagrams individually in Phase 1 to indicate the extent
of their space of debate. Although students’knowledge of the space of debate need
not be complete in their representation, the activity of constructing an argumenta-
tive representation can support and shape students’ reasoning (Bell, 1997; Stern,
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Aprea, & Ebner, 2003). The inspection of the diagrams during collaboration in
Phase 2 supports this finding. Dyads inspected their representations to reason from
them. The construction of the diagram thus helps explication and activation of
knowledge, whereas the inspection of the diagram is good to support the discus-
sion.

In this study, students inspected a text or diagram they had made themselves, or
a given diagram that had been made by the researcher from a text students had writ-
ten themselves. Students inspected these representations in all conditions as fre-
quently, but the inspection of the self-made diagram led to the most broadening
and deepening of the space of debate, especially during collaborative writing (as
opposed to chatting together). Sometimes (e.g., in the revision phase and in chat)
the constructed diagrams provide better results than the texts, indicating an effect
of kind of representation that is constructed, whereas other times (e.g., in the col-
laborative writing task) the constructed diagrams provide better results than the di-
agrams made for the students, indicating an effect of constructed versus presented
representation. Active construction of a diagram is important; the given diagram
made from text did not lead to a broader and deeper space of debate. The text stu-
dents made themselves and the diagrams they received seemed to be two unrelated
things for them. Only once in our data did we see a student saying to his partner,
“Look, they made nice diagrams from our texts!” No other talked about the texts
being transformed into a diagram. Moreover, the diagrams were sometimes re-
ferred to as text (“Your text is good, how is mine?”). This indicated a focus on the
sentences (content) in the boxes and not on the structure of the diagram. We return
to this finding below.

Construction of diagrams cannot be easily compared to inspection of (given) di-
agrams, because the construction was an individual activity whereas the inspection
was a collaborative activity. In another article we compared the two kinds of dia-
grams in the same task (i.e., construction of a diagram together vs. inspection of a
diagram together; Munneke, Van Amelsvoort, & Andriessen, 2003). We found that
the collaboratively constructed diagram led to more task management, aimed at
constructing this diagram together. The inspected diagram led to more discussion
on opinions, probably because the differences in opinion were clearly visible in the
diagrams (Baker, 2003). Students also broadened the space of debate more when
inspecting diagrams. However, it is hard to say how construction of a diagram sup-
ports the discussion, because the discussion is not an activity solely done in chat
anymore but partly shifts to the diagram (Suthers et al., 2003; Van Drie et al.,
2005).

How Students Make Use of Argumentative Diagrams

The three representations in our study (diagram, text, and given diagram made
from text) did indeed lead to differences in broadening and deepening the space of
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debate, but different approaches to the task were at least equally as important. We
identified three kinds of strategies dyads used in their exploration of the space of
debate. Mountains had a broad and deep discussion in chat but not in writing, Val-
leys had a shallow discussion in chat but were broad and deep in writing, and Ris-
ing Slopes had a medium discussion and a somewhat broader and deeper writing.
Mountains may have added their individual texts together and then come to con-
sensus, whereas Valleys did not really discuss the details but mainly worked apart
from each other in text. Difference in strategy was related to difference in the use of
the individual representations. Dyads that used their representations as informa-
tion sources for their collaborative text showed a shallow debate. Dyads that used
their representations as a starting points for discussion showed a deep discussion
and went beyond what was written in their individual representations to collabor-
atively construct or transform that knowledge. Apparently, students’ strategies in-
teract with the affordances and constraints of different representational tools in de-
termining the extent to which they collaboratively explore the space of debate,
largely irrespective of the format of the representation.

The three strategies did not lead to much difference in students’ collaborative
writing process in terms of breadth and depth, but the chats were very different.
Some dyads discussed GMOs at length, whereas others used chat only to man-
age the writing task. Chat seems to be important for the amount and complexity
of knowledge construction, but it does not ensure a broader and deeper collabo-
rative text. With chat the topic can more easily drift, not only in analogy, but also
because the topics drift off the screen (into the conversation history). With col-
laborative writing, students constantly work together on the same artifact, which
may encourage convergence more. Additionally, in the development of our task
we started from the assumption that students first discuss the topic of GMOs in
chat and then write a text about it. We expected that the extent to which the topic
was discussed in chat would determine the breadth and depth in text (while also
taking into account that writing the text might broaden and deepen the space of
debate even more). This was probably a false assumption. We did not find any
correlation between chat and writing. A deeper space of debate does not neces-
sarily produce a deeper text. It is very possible that students see chat and text as
two unrelated tasks, or that they choose to communicate via either chat or text
and do not see the need to use both. Research on multiple representations has
shown that every representation has its own affordances and constraints and is
used for different (sub)tasks (e.g., Ainsworth et al., 2002; Grawemeyer & Cox,
2005). For future research, we would like to have students discuss and use repre-
sentations without having to write a collaborative text. This way they might be
focused on co-construction during chat instead of being focused on finishing the
writing task. Every task activity has to be meaningful to students. It appears that
a task that is supposed to support another task is not meaningful in itself for stu-
dents.
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CABLE With Diagrams

Argumentative effort in chat and writing leads to broadening and deepening the
space of debate. External representations such as a diagram support exploration of
the space of debate by providing a basis to talk about, a way to focus on differences
between partners, or an information source to tell from.

The diagrams students constructed themselves showed the best results in both
broadening and deepening the space of debate. Broadening and deepening are not
separate activities (at least not for the students); they both contribute to elaboration
of the space of debate. Our study suggests that a given diagram is not useful for
learning. The translation from the textual representation to the diagrammatic rep-
resentation is made for the students, whereas our results imply that the construc-
tion of the diagram is important to support learning. This is much more in line with
constructivist theories, in which people learn by actively constructing knowledge
instead of passively acquiring it (e.g., Bruner, 1990; Von Glaserfeld, 1989). An-
other explanation is that the given diagram distracts students. This is not very
likely, however, because students did not mention the fact that they had received
such a given diagram. We suggest that a given diagram (generated by either a per-
son or computer program) may only be helpful for learning when students have to
actively engage with it and can claim its authorship.

Close inspection of how students used the diagram when exploring the space of
debate showed that students did not go much beyond the local level of diagram in-
spection. Students explored only to a certain extent. The advantage of a diagram
over a text or a given diagram was mostly found in the number of arguments and
the number of examples and explanations given. This means that the diagram
deepened only in a shallow way, with arguments and examples (the first and sec-
ond categories of depth), but not with counterarguments, rebuttals, or explicit rela-
tions (the third and fourth layers of depth). It appears that almost all students failed
to look at the diagram in a global way; that is, they did not benefit from its overall
structure. There are relations in a diagram of course, as there are in text, but one
does not see arrows that specifically relate different subtopics or arguments to
weigh these. Those explicit relations are necessary to get a grip on the space of de-
bate and to reach conclusions. Instead, students discussed or wrote about each part
of the diagram (or text) separately. More research is needed into students’ ability
and motivation to pay attention to structure and relations in diagrams. They need to
be made aware of the possibilities a diagram has. The positive effects we found for
the diagram suggest that it can be a better tool for CABLE than the text or the given
diagram, but the differences we found in strategies suggest that these effects could
be much higher.

Our results imply that representational guidance (whether constructed or in-
spected) is not a matter of “plug and play.” Using a representation in CABLE does
not automatically lead to broadening and deepening the space of debate, because
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dyads work very differently with the representations. Representations are used to
put information directly from representations to collaborative text, to compare
viewpoints and arguments, or to transform the information from the representa-
tions into collaborative knowledge during discussion.

For research, this means that frequencies do not tell everything about when and
how to use diagrams for CABLE. Much more subtle processes, such as dyads’ us-
age of diagrams, contribute to the results students can obtain. Research into tool
support should therefore address not only effects, but also processes of tool use.

For school practice, our results give rise to the question of how to get students to
change strategies. Is it possible to help students make optimal use of tools? One
possible solution is to restrict tools and tasks in such a way that only certain strate-
gies are supported. However, a tool and task that can be employed to support dif-
ferent strategies, topics, and levels of expertise best support argumentation-based
learning in different situations and for different students. This greatly improves us-
ability in schools. Another idea is to put more emphasis on reflection. After using
the tool, students can be asked to look back at their collaboration and tool use and
to comment on it. This might enhance students’ insight into the affordances of the
tool. The teacher then plays a very important role in guiding students’ CABLE
with tools. To help students use diagrams to their full potential, a new study was
carried out (Van Amelsvoort & Ainsworth, 2007) in which we performed an inter-
vention to teach students how to optimize their diagrams using secondary notation.
Students who received the intervention created diagrams that were better struc-
tured than students who had not received the intervention.

At the moment, dyads explore topics only to a certain extent. They sometimes
seem to use the available tools as if they were trying to paste pieces together
with a hammer. When they start using their tools in a more effective way,
dyads could make a beautiful knowledge artifact together.
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APPENDIX A

I don’t oppose the genetic modification of food, as long as animals do not suffer
from it, and nature won’t be damaged.

By genetically modifying food there can be enough food for a large part of the
population. The population continues to grow, but without genetic modification
the amount of food will not increase enough. Thus, there won’t be enough food in
the long run and there will be famine.

Genetic modification will also ensure stronger and better food. Harvests will
less often fail and there will sometimes also be other substances (mostly with a
positive influence) in the food, such as more or other vitamins.

However, food that is not genetically modified should also remain in existence,
in order for people to be able to choose what kind of food they want, and to ensure
that certain substances that are not present in genetically modified food, but are
present in natural food, will not disappear. Because they might be important for hu-
man beings in the future.

It is also important that certain kinds of plants not disappear, because a large va-
riety of plants needs to be ensured.

If it is true that fewer pesticides are necessary because of genetic manipulation,
because they have become immune, then this is better for nature and that is a large
plus. Fewer chemical substances will be in the air, and this ensures cleaner air, and
thus also cleaner ground water and drinking water.

I do think that good tests with the food need to be done first to see whether it is
harmful, whether it can lead to allergies or diseases.
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APPENDIX B

Condition Dyad Type

Representation
Before Chat Text

Representation
After

Depth Breadth Depth Breadth Depth Breadth Depth Breadth

Diagram 1 1 18.5 5 73 9 43 9 21 5.5
2 1 22 4.5 103 13 40 7 23.5 5
3 3 13.5 4.5 39 7 48 11 23 6.5
4 2 32.5 9 4 7 73 11 33 9
5 3 32 8.5 29 5 60 11 33.5 9.5
6 3 30.5 8 36 8 57 8 35 8
7 1 26 7.5 96 12 65 11 31.5 8.5
8 3 23 6.5 37 8 62 9 31 7.5
9 5 15.5 7 14 10 52 9 22 8

10 3 5.5 3.5 48 9 51 9 17.5 8.5
Text 11 4 44.5 7 32 9 27 6 46 7.5

12 2 24.5 6.5 5 5 25 6 32.5 7.5
13 2 26 5.5 4 3 38 9 32.5 7.5
14 1 29 8 81 9 56 5 32 10
15 1 32.5 7.5 51 11 35 7 42.5 8.5
16 3 36.5 8.5 39 8 41 10 39.5 8.5
17 3 29.5 7.5 59 8 51 11 37 8.5
18 1 16.5 6 75 9 30 7 17 6
19 3 22.5 6 28 10 31 9 23 6.5
20 5 23.5 4.5 48 6 38 6 25.5 5

Given
diagram

21 2 24.5 5.5 14 5 47 6 29 6
22 5 22.5 4.5 49 7 45 8 23.5 5.5
23 2 28 6 0 1 46 11 28.5 7
24 3 21 6.5 22 6 63 8 30.5 8.5
25 2 9.5 2 3 3 48 11 9.5 2
26 1 25.5 5 45 9 12 7 32 6
27 1 27 5.5 48 8 30 6 29.5 7
28 3 18 5 31 6 38 10 21.5 6
29 5 20 4 71 7 33 7 22.5 4.5
30 1 21 4 54 9 18 5 22 4.5

Note: Type: 1 = Mountain, 2 = Valley, 3 = Rising Slope, 4 and 5 = other types not taken into account for
analyses.
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