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Abstract

Computer-supported collaborative learning (CSCL) aims at enhancing and supporting peer
interaction and the joint construction of products through technology. This study investigated
the effects of the joint construction of external representations on the collaborative process and
the learning outcomes. By providing representational guidance, the study aimed at promoting
co-elaborated and domain-specific reasoning. Since it is assumed that the representational
format may be of influence on the collaborative process and outcomes, three representational
formats, namely an argumentative diagram, an argument list and a matrix, were compared
with a control group. Sixty-five student pairs from pre-university education collaborated on
a historical writing task in a CSCL environment. The analyses included analyses of interaction
processes in the chat, the quality of the co-constructed representation, the quality of the essay
and the scores on the individual posttest. The results indicated that each representational
format has its own affordances and constraints. For example, Matrix users talked more about
historical changes, whereas Diagram users were more focused on the balance in their argumen-
tation. However, this did not result in differences in the quality of historical reasoning in the
essay, nor in outcomes on the posttest.
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1. Introduction

Current trends in the field of learning and instruction stress the importance of
active knowledge construction and collaborative learning. Technology can play a
major role in implementing these new trends in education (Kanselaar, De Jong,
Andriessen, & Goodyear, 2000). Technology can support the construction of knowl-
edge by representing learners’ ideas and understandings and it can function as a so-
cial medium to support learning by dialogue. Computer-supported collaborative
learning (CSCL) aims at enhancing and supporting peer interaction and the joint
construction of products by the use of technology (Lipponen, 2002). The key factor
that determines the success of CSCL can be found in the quality of the interaction
processes students engage in. After all, meaningful learning in a collaborative envi-
ronment is related to the quality of the interaction processes (Van der Linden, Er-
kens, Schmidt, & Renshaw, 2000). Although research in the field of CSCL has
resulted in positive learning outcomes (Lethinen, Hakkarainen, Lipponen, Rahikai-
nen, & Muukonen, 2001), the use of CSCL is no guarantee for a productive dialogue
(Kirschner, 2002; Stahl, 2002; Veldhuis-Diermanse, 2002). More research is needed
to reveal under which conditions CSCL can lead to the intended knowledge con-
struction. Important questions in this respect are: what kind of interaction processes
promote collaborative knowledge construction and sow can such interaction be
provoked and supported?

Studies on collaborative learning processes are conducted from different perspec-
tives. A distinction can be made between a domain-specific, an elaboration, and a co-
construction perspective (Van Boxtel, 2004). The domain-specific perspective focuses
on the propositional content and quality of the discourse. From this perspective an
important question is whether the students make progress from their everyday rea-
soning towards a deeper understanding and more scientific ways of reasoning on the
topic at hand. Types of talk that are of interest from a domain-specific perspective
are the explication of one’s own conceptions, the comparison of these conceptions
with new information and interpretations of others, and the search for meaningful
relations.

The elaboration perspective focuses on the types and quality of the cognitive proc-
esses during group work. Elaborative activities — such as the verbalization of prior
knowledge, questioning, and the creation of meaningful relations by giving exam-
ples, using analogies, reformulating or referring to previous experiences — are consid-
ered important ingredients of a productive student interaction. From this
perspective, it is important in a collaborative learning situation to promote elabora-
tive talk. Elaborative talk is often constituted by the asking and answering of ques-
tions and through the elaboration of controversy by providing justification and
argumentation.

The co-construction perspective puts the contingencies of the actions of both
partners and the mediational role of tools in the centre. From this perspective,
an important question is whether knowledge is really shared and co-constructed.
In many groups participants do not equally contribute. Sometimes one of the par-
ticipants does almost all of the talking and work, while the others passively watch
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and wait. Kumpulainen and Mutanen (1999) distinguished different modes of so-
cial processing. The individualistic mode implies that students work individually
in the group and do not share ideas or try to co-construct meanings, the dominative
mode reflects unequal participation, and the collaborative mode reflects joint mean-
ing making. Co-construction of knowledge implies that meanings are extended,
deepened or transformed because participants build on each other’s contributions
(Van Boxtel & Van Drie, 2003). Joint meaning-making and co-construction of
knowledge requires a shared focus and coordination on the task content level,
the meta-cognitive level and the socio-communicative level (Erkens et al., 2003).
In many studies one of the perspectives prevails, whereas a multi-perspective
approach may have advantages in order to make progress in the design of collab-
orative learning environments. In the study reported here, a multi-perspective
approach is adopted to investigate the role of representational tools for supporting
historical reasoning in a computer-based collaborative inquiry and writing
environment.

2. The potential of external representations

As has been stated before, using a CSCL environment does not automatically re-
sult in knowledge construction. This was confirmed in a previous study (Van Drie,
Van Boxtel, & Van der Linden, in press), where a CSCL environment that enables
students to collaboratively engage in a historical inquiry task and the collaborative
writing of an essay was used. Students used a shared text processor, a private note-
pad, and had access to information sources. All communication between the collab-
orating students took place in an integrated chat facility. A writing task was used for
several reasons. Previous research has shown that a writing task can deepen students’
knowledge and understanding (Klein, 1999; Tynjild, Mason, & Lonka, 2001) and
may result in deeper historical understanding (Boscolo & Mason, 2001; Voss & Wi-
ley, 1997). Moreover, collaborative writing can trigger critical reflection, externaliza-
tion of thinking and immediate feedback (Gere & Stevens, 1989). Especially writing
an argumentative text may result in a productive discussion, for learners may have
different views or use different confronting arguments (Giroud, 1999; Veerman,
2000). Finally, small group inquiry task in which students jointly write an essay
are more often used in current Dutch history education. The results of this study
indicated that although students learned from the task and were engaged in histor-
ical reasoning in their chat discussions, the reasoning episodes were often very short
and of poor quality. Furthermore, the collaboratively written essays did not show
the quality that was expected.

Based on these results, different ways to promote and raise the level of historical
reasoning both in chat and essay were considered. A possible way to support and
improve collaborative learning in a computer-supported learning environment is
by using representational tools. In the following sections, the potential of the collab-
orative construction of external representations in a historical writing task in CSCL
is considered. The focus is on the way the construction of an external representation
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may support historical reasoning, elaboration, and co-construction in student
interaction.

2.1. Supporting historical reasoning

From a domain-specific perspective it is important to know whether tools in a
CSCL environment can promote thinking and reasoning within the domain at hand.
In this study the focus is on the domain of history. Historical reasoning can be con-
sidered as a key aspect of building historical knowledge. Historical reasoning is al-
ways constructed in relation to a historical question or hypothesis. It implies that
the learner situates historical phenomena in time, uses historical concepts, and
organizes information to describe processes of change and continuity, to explain a
historical phenomenon or to compare historical phenomena. Moreover, it implies
supporting claims with arguments, making use of historical sources, and taking into
consideration the trustworthiness, representativeness and usefulness of the sources
(Van Boxtel & Van Drie, 2004). Historical events, processes, and structures need
to be organized to build an interpretative historical case (Leinhardt, Stainton, Virji,
& Odoroff, 1994).

This study investigated how the construction of an external representation influ-
ences the process of historical reasoning. The format used to display information is
an important dimension of external representations (De Jong et al., 1998). Suthers
and Hundhausen (2003) argue that the cognitive and social affordances of a repre-
sentation depend on the representational notation. Different representational for-
mats may support particular components of historical reasoning. For example, the
construction of a causal diagram may provide guidance when learners are asked
to explain a historical phenomenon, whereas a matrix can be a useful format to
organize aspects of change and continuity. Furthermore, the representational arti-
fact constructed in a representational tool can function as a writing aid. Experimen-
tal studies of Suthers et al. showed that representational notations can have
significant effects on learners’ discourse during the collaborative construction of
external representations in the area of science. They compared the construction of
three types of external representations: text document, matrix and diagram. In their
study, students worked together behind one computer. The matrix group represented
significantly more evidential relations; the empty cells in a matrix seemed to have
prompted users to fill in all available evidential relations.

2.2. Supporting elaboration

From an elaboration perspective it is important that students are stimulated to
engage in elaborate activities. Zhang and Norman (1994) state that external repre-
sentations guide, constrain or determine cognitive behavior. Much research on the
use of external representation focuses on the (individual) use of presented external
representations. However, in a CSCL environment students are supposed to actively
engage in the construction of their own knowledge, which implies that students
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themselves should (co-)construct representations. Cox (1999) claims that the self-
construction of external representations may help to translate information from
one type of representation to another, thus supporting deeper understanding of
the underlying concepts and situations. Moreover, the collaborative construction
of an external representation can promote verbalization of own conceptions, the
(re-)ordering of information, and can provide perceptual assistance. A graphical rep-
resentation, for example, can make information explicit and can direct attention to
central problems and relations and help to distinguish core issues from more periph-
eral ones (Suthers & Hundhausen, 2001).

2.3. Supporting co-construction

An important condition for the co-construction of knowledge is that group mem-
bers participate and contribute more or less equally and that they coordinate their
activities. In face-to-face collaboration coordination is partly constituted by gestur-
ing and using facial expressions (Schegloff, 1991), whereas the lack of these impose
certain constraints on the coordination processes in electronic communication. In an
electronic discourse via a chat facility it is important to coordinate and maintain fo-
cus on the main issues (Veerman, 2000). From a co-construction perspective the
question is whether external representations can contribute to the construction
and maintenance of a shared understanding and a joint problem space between
co-learners (Crook, 1998; Veerman & Treasure-Jones, 1999). According to Suthers
and Hundhausen (2003), an external representation can increase the conceptual com-
plexity that can be handled in group interactions and facilitate elaboration on previ-
ously represented information. From this perspective, the representation can
facilitate the co-construction of meanings through building on each other’s
contributions.

While reasoning within a domain, elaboration and co-construction are inter-
twined. Collaboration can stimulate the articulation of task-related knowledge and
information. This verbalization makes it possible for ideas to be questioned, criti-
cized and elaborated, and thus generates explanations, justifications and a search
for new relations, which are important aspects of elaboration, historical reasoning
and co-construction of knowledge.

3. Aim of the study

This study aims at supporting historical reasoning in a writing task in CSCL by
providing representational guidance. The collaborative construction of external
representations may support collaborative knowledge construction in a CSCL envi-
ronment through the facilitation of (domain-specific) cognitive and communicative
processes. Moreover, external representations may be helpful for organizing availa-
ble information in the preparation of the co-authoring of an essay. The main ques-
tion of this study is whether and how the co-construction of an external
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representation influences the collaborative process of knowledge construction and
have an effect on the learning outcomes with respect to reasoning and learning in
the domain of history. To examine the influence of the representational format, three
different representational formats will be compared. The focus is especially on the
appearance and quality of domain-specific reasoning, elaboration, and co-construc-
tion, for these processes are believed to constitute positive learning outcomes of
collaborative learning.

4. Method
4.1. Design

The study consists of a pretest—posttest design with four conditions. In the exper-
imental groups, students were asked to co-construct an argumentative diagram with
arguments pro and contra (Diagram condition), a list of arguments pro and contra
(List condition) or a matrix in which changes can be described and characterized
(Matrix condition). In the control condition, no representational tool was available
and students did not receive instruction to co-construct an external representation.
The experiment was conducted in two phases: in the first year the experiment was
conducted for the Diagram and List condition, in the next year for the Matrix
and Control condition.

4.2. Participants

Participants in this study were 157 students from six history classes in secondary
(pre-university) education, aged 16-17. Three classes from two schools participated
over a period of two years (same schools, teachers and level). The experiment took
place at school, during the history lessons and lasted for six lessons in two weeks
time. The students worked in pairs, each behind a computer and the pairs were di-
vided over two computer labs. Pairs in which one of the students missed more than
one lesson were excluded. The analyses included 130 students (65 pairs). Within their
class, the students were randomly assigned to pairs and to one of the two conditions.
In the first year of the experiment, 16 student pairs participated in the Diagram con-
dition and 14 in the List condition. In the second year 18 student pairs participated
in the Matrix condition and 17 in the Control condition. So, in each year the condi-
tions were randomized over classes and schools.

4.3. Task and learning environment

Students performed a historical inquiry task that involved studying historical
sources (such as texts from textbooks, different interpretations of historians, photos,
tables, and interviews) and writing an essay of approximately 1000 words. The task
was about the question of whether the changes in the behavior of the Dutch youth in
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the nineteen sixties were revolutionary or not. Students worked for six lessons (of 50
min) on the task and did not receive instruction on the subject in advance. Students
in the experimental conditions were instructed to collaboratively construct an exter-
nal representation, for which they could use the historical sources. After finishing the
construction of the representation, they could start co-writing the text, for which
they could use the constructed representation and the sources. Students in the con-
trol group performed the same task, without the instruction to construct an external
representation.

Students worked in a CSCL environment called Virtual Collaborative Research
Institute (see http://edugate.fss.uu.nl/veri; Jaspers & Erkens, 2002). VCRI is a group-
ware program that enables students to work collaboratively on an inquiry task and
essay writing. Each student works at one computer, physically separated from the
partner. Communication takes place by means of chat. Fig. 1 shows the main screen
of VCRI in the diagram condition. Information about the task and relevant histor-
ical sources can be found in the database menu. The upper left window contains a
chat facility and the chat history. The lower left window contains a shared text proc-
essor that can be used by taking turns. The upper right window contains a private
notepad. In the lower right window, the representational tool is shown (in this figure
the diagram). The representational tools in the experimental conditions are all

VCRI versie 0.4.1 [_[=]x]
File Bronnen Opdracht-info

Mariska van Maanen
wie zitten nu bijna op de 700 woorden en dan heb ik nog 2 stukjes in
notes, dus we komen wel aardig op schema

t de oudere zag het gedrag van hun kinderen als

09:32 Mariska van Maanen een indicatie van toekomstige ontwikkelingen. Sommige mensen denken
dan zal ik ff kijken of we alles wat beter kunnen laten aansluiten zelfs dat de generatiekloof in Nederland kleiner was dan in andere landen,
09:34 Mariska van Maanen omdat de ouderen de jongeren de ruimte gaven die ze verdangden
je heb het al wel aardig goed verandert zo dat het beter aansiuit
09:37 Bertine Bos Bron 23
gajij maar fi, misschien is het handig als je jou argument bij het voor: In de jaren zestig gingen ouders en kinderen veel cpener met elkaar
argument plakt dat jongeren meer onderwijs volgden
09:37 Bertine Bos

en dus mondiger werden
Tegen: Het beeld dat de meeste mensen van de jongeren in de jaren '60

hadden. was geidealiseerd. De jongeren werden zouden anders zijn. moreel
su[peneur. zonder frustraties.

B Diagram
Standpunt

Zr kwamen meer
wmijetijdsbesteding,

1 De revolutionaire jeugd van de jaren zestig

neer geld, meer de positie van
2 Owver de jaren zestig is veel bekend. Hetwaren roerige jaren metveel -onsumptiegoedere |Dn§eren De jaren zestig |
politieke en maatschappelijke veranderingen. Met dit onderzoek 1. Door auto en eranderde al i de lals een afsluiting

bekjken we de vraag of het gedrag van de jongeren in de jaren zestig sromfiets werd de jiaren vilftig wet leen revolutionai

ook zo met de veranderingen van die tjd meeging. We geven dus nobiliteit groter. dg betreftgeld. Ze ijdperk worden

antwoord op de onderzoeksvraag: Waren de jaren zestig revolutionair, B kregen meer geld ezien

als je kijkt naar de veranderingen in het gedrag van de jeugd? zelfter beschikking,
g = \

3 Als aatste tagenargument zou je kunnan 2aggen dat da 37 Sncpi 724 Voorargumant dk¥oote

weranderingen van het gedrag maar bij een relatief klein aantal van de o=

jongeren plaatsvindt Hetis niet reeel als je zegt dat de jongeren gua De jaren zestig P flages 2N gigen haai
gedrag veranderden. waren revolutionair, Praree dealen ruziek envoel
4 Ook de ontzuiling speelt hierin een niet te miskennen factor. Niet alleen als je kijkt naar de \van hun ouders. anke

veranderingen van =
g?ﬁg..d-ﬁ....-.. rl-....-r: =4 =
4

»
[ Chat IDmgmm Text | Notes IAnmnlwnnmen 13:46: J?JDD,US'SE stmma Bos

sommige jongeren veranderden qua gedrag, de hele maatschappij
beleefde een radicale ommekeer. \Waar de mensen vioeger een eigen

Fig. 1. The main screen of VCRI for the diagram condition.
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shared tools. In the control group, no such shared tool was available. Below the rep-
resentational tools that were used in the experimental conditions will be described.

4.3.1. Argumentative diagram

The task requires students to take a point of view on a historical issue and support
it with arguments. In an argumentative diagram, a point of view and arguments pro
and contra can be graphically represented. Fig. 2 shows the diagram tool that was
used in the study. Standpoint, arguments pro, arguments contra and examples can
be represented in text-boxes, each with their own color. All text-boxes can be linked
to each other by arrows. Furthermore, students can refer to the source from which
the argument or the example derives in each box.

4.3.2. List

Whereas an argumentative diagram organizes and links arguments in a two-
dimensional graphical way, the list organizes arguments in a linear way. In the List
condition a list tool as is shown in Fig. 3 was used. In this window, students can put
together arguments pro and arguments contra.

4.3.3. Matrix
The argumentative diagram and list focus on the process of argumentation, and
do not pay explicit attention to more domain-specific aspects of the argumentation
process required by the task. The task is about historical change. Historical change
gl

Ele fronnen  Opdracht-info

& Diagram

1 'Vnu-g—l 'sv.-;-uu-ml gmum 20 Tagenasgumen)
Weikends pngeren In 1960 steeg de i e jren 60 stigt de 2 mesda heel an ds
Van de opstand,
hoslden geld rest of 1o mwﬁm tot individuele welvaart van 150 voorgespiegeld d w:mnn:;:w;g:uw
;l:moun X m*'ZL 41%. De jonges de nedevlandse burger. adicale vurardelll] In te merken. De bevolkin
steadden 6t asn wue\denwmerdewfde ze ortwikkeingen fhoorde heel weirdg van
Jﬂummu e lseficimaat. 2 een lbijzondst mes. ovo's. Aleen in Aldam
5 Jwaar iedereen voodbep
waren de jongeren snd
6 Voor idanin hel land

ron:
In de jaren 50 i & iog bid 22 Tegenargument
oot een speletie. In de
jaren 60 s de hechie
fameband

4 Standpunt

misschien
revolutionar en radicaal le
geweest, masl zowel

verdwenen,
ﬂeJe\&ﬂ 2t zich of tegen

yeugd in de jaren 60 ware

Tz
[ ferg tevolulionan dit kviam jdeologisch s wat INaar mening van de
In de‘aen 50 was de [ dani doe 0o fworteide e beweong iy
messderheid van de Iwaten de origesen et
forpeten gezagegeliouw, fechnische 0 teving in het verlecen. | |17 S ETRR
ot vesardets in de jaren fomtvkkefingen. Door die Ibewrid van slerlei
£0. drgs lnsstatie's &n zsten nist

phe we nu

7 Ivarzetsprekend vinden

12 Voorargument. Lafkomsbig it de jaren
shg

ion:
Doot de tv. de in de jaren
60 een belangrike rol gng
spelen. werd de
mastschappeiike horizion
van de jongeren
vesbreedt. In 1962 kwam
zelfs de esuite naskle
Wiouw op tv, eerst zorgde
dit voor schokkende

Bron:12
van de viouw kwamen &
meer in de belangsteling lalleen maar een p -
le staan, doot de Tweede metkvisardige reainters
Femrinatischa Go. [Velgens hem zaten
fenigeren n die tid in de

20aks eke jonge

lknoop
ldat van deze tid dost

De jeugd werd een
belangsike factor in de

gote invioed gehad op de mastchappd, Ze waten
politieks en cuturele leen doslgroep voor de
vetanderngen in de jaren Icommercie. Dit kvam

zeslig

‘u° V.?“;"'“""‘ vooral door d opkonet
Provo-Jongeren van de popriziek

14 Voororgument | 7m0 T 17 Voorarument
i

Legend: Standpunt = standpoint; Voorargument = argument pro;
Tegenargument = argument contra; Voorbeeld = example

Fig. 2. Example of a diagram constructed by one of the dyads (in Dutch).
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I
Elo Brocren Qpdrachi-info

Zel hisin e standpur,
Zel bi ok aigument voorbeekd i weke bron bt kel

tagen Geel vis pas

ARGUMENTS FRO

# Through the improvement of the financial situation the youth didn't have
to hand over all money they earned to their parents anymore. This meant for
the youth getting less social control, and a whole new recreational culture
was created (source 2).

# The changes are rather revolutionary. More changes arrive that make the
narket attractive for the youth. De car and motorcycle, the tv and popular
music are new ingredients of the new recreational culture. Especially the
youth grabs these new opportunities (source 3).

# In the fifites close family ties were still clearly present, in the
seventies these disappeared and a generation gap occurred between the youth
and their parents (source 4).

ARGUMENTS CONTRA

# By for not all youth started to live so exuberant. Research studies form
that period showed that many girls were calm and serious and saw a happy
marital life as an ideal (source 6).

* It wasn't revolutionary everywhere, when you look at it form the country
as a vhole. There were differences between the country side and the city.
In the city the behavior of the youth was rather revolutionary. In the
country side the youth was really lagging behind (source 19).

. S
[ [0 [Avgaments [Ten [Hetes [Rantel woceden [11:08.48 007302 [

Fig. 3. Example of a list constructed by one of the dyads (translated from Dutch).

can occur in very different areas, for instance beliefs, economic situation or family
life. In describing and evaluating processes of change, historians often distinguish
between political, economic, social, and cultural changes. Furthermore, they charac-
terize changes according to their tempo and impact. A matrix is a format in which
historical changes can be characterized using several columns. Fig. 4 shows the
matrix tool used in the study. The matrix consists of a table format that can be filled
in by the students. In the second column the number of the source can be added, in
the third column students can describe the historical changes (or aspects of continu-
ity) and in the fourth whether they think the change can be defined as revolutionary
or not (yes or no). The last column contains a “sort” function. Students can catego-
rize the changes in the way they choose. When they push on the sort button, all the
changes are sorted. For example, the students who made the matrix in Fig. 4 cate-
gorized the changes as cultural, political and economic. After sorting, all changes
with the same label are listed.

4.4. Instruments and analyses

The analyses focused on the process of collaboration as well as on the products as
outcomes of the collaboration. All actions taken during working on the task were
logged. The analyses included the interaction processes in the chat protocols, the
jointly constructed representations, the collaboratively written essays, and the results
of the individual pretest and posttest. The analyses of the processes focused on



ARTICLE IN PRESS

10 J. van Drie et al. | Computers in Human Behavior xxx (2004) xxx—xxx

Descripti RE_‘.’” A Sort
L change? |
5 00 Old ways of living, traditions and cultures were partly lost, secularization YES Cultirs
and decline of the youth movement
6 00 h!lerﬁ:n:nce by the government decreased during the 1950s but did not NO Politics
disappear
74 00 strong demand for fundamental changes during the 1960s YES Politics
9 02 Youngsters ea}'ned more money, so they did not need to give up their YES Bistioiy
complete earnings to their parents
8 03 New types of leisure activities due to increasing wealth No Economy
10 04 Parents had more time to spend time with their families NO Culture
1 los Bec.aust? the number of people pursuing an education increased rapidly, YES Edcaiiin
social differences between people diminished.
13 lo7 Nozems were not accepted by society. They were considered hopeless NO Politics

cases.

The influence of television grew strongly during the 1960s, a structural
12|08 depillarization took place, although depillarization was still visible in YES Culture
broadcasting

The rise of new music was widely noticeable. Young people in particular

; Yes Culture
were attracted by it.

Youth culture changed significantly between the 1950s and the 1960s; as
14 |10 became visible through the rise of popular idols, and a tendency to revolt | YES Culture
against grownups.

Fig. 4. Example of a matrix constructed by one of the dyads (translated from Dutch).

historical reasoning, elaboration, and co-construction. Below the different analyses
will be described in more detail.

4.4.1. Chat protocols

The interaction processes in the chat protocols were coded by using MEPA, a
computer program for Multiple Episode Protocol Analysis (Erkens, 2002; see
http://edugate.fss.uu.nl/mepa). The interaction processes in the chat were coded on
the level of utterances and were first analyzed on the dimension of Task Acts. Five
main categories were distinguished: utterances related to the content of the task at
hand (Task), to procedures to perform the task (Procedures), talk about the techni-
cal functioning of the computer-program (Program), social talk (Social), and greet-
ings at the start or ending of a working period (Greetings). The categories Task and
Procedures were divided in subcategories. Task utterances in which students say
something about the past, give an interpretation of the past, or of the merit of
sources, were coded as Historical reasoning.

Utterances coded as Historical reasoning were further analyzed on a episodic
level. An episode is defined as several subsequent historical reasoning utterances
which belong to the same type of historical reasoning. These analyses are related
to the three perspectives described above: domain-specific, elaboration and
co-construction, and can be found in Table 1. With regard to the domain-specific
perspective, six types of historical reasoning episodes were distinguished, namely
episodes in which (1) historical phenomena are situated in time, (2) the past is
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Table 1

Coding definitions of historical reasoning episodes

Category Description
Type Content of the historical reasoning
episode is related to:
Time Historical time
Description Describing the past
Change Describing changes
Explanation Giving explanations
Source Interpretation and evaluation of sources
Standpoint Providing a point of view and arguments
Elaboration Extended historical reasoning episode, which starts with a:
question Question
conflict Negation, counter-argument or critical question
reasoning Statement

No elaboration

Degree of co-construction
Co-constructed
Dominated
Individual

Co-elaborated
historical reasoning

Historical reasoning episode that does not
contain extended reasoning

Degree to which the episode is co-constructed:
Both students contribute equally to the reasoning
One student dominates the reasoning
only one student contributes to the reasoning

Extended historical reasoning episode to which both
students equally contribute

described, (3) changes (or continuity) are described, (4) the past is explained, (5)
the sources are discussed, and (6) a point of view is taken and supported with
arguments. The historical reasoning episodes were next analyzed on the appear-
ance and type of elaboration. Three types of elaboration were distinguished: ques-
tion, conflict and reasoning (Van Boxtel, 2000). Episodes that did not contain an
elaboration, were coded as No Elaboration. Furthermore, the degree of
co-construction in the historical reasoning episodes was analyzed. Inspired by
the modes of social processing of Kumpulainen and Mutanen (1999) the following
distinction was made: individual reasoning, reasoning dominated by one of the
students, and co-construction.

Historical reasoning episodes were coded as co-elaborated historical reasoning
whenever the reasoning reflected both elaboration and co-construction. Table 2
shows an example of co-elaborated historical reasoning (Van Drie et al., in press).
In this example Paula and Wendy discuss their point of view on the question of
whether the sixties were revolutionary or not. Paula and Wendy co-construct their
meaning on this subject. First, they talk about which point of view they are
taking, and whether they both agree on this. They ask questions which elicit elab-
oration, such as “What is our opinion?”’, “Why?”, and “Which arguments pro are
we going to use?”’. They both, in turn, add arguments to support their meaning,
and they elaborate upon the reasoning of the partner, as is shown in lines 16
and 17.
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Table 2

Example of co-elaborated historical reasoning (fragment of chat protocol, translated from Dutch)

1 Paula But what is our opinion?

2 Wendy To start with, what is your opinion?

3 Paula The sixties were revolutionary.

4 Wendy Why?

5 Paula Because the consequences are still noticeable now.

6 Wendy Okay, that is true.

7 Paula But it already started in °50.

8 Wendy That’s true too, but that's got little to do with the
revolutionariousness, so the sixties were indeed revolutionary!?

9 Paula If you think so too.

10 Wendy Yes, sure I do too.

11 Paula Okay.

12 Wendy Which arguments pro are we going to use?

13 Paula That young people became a group, and
that they had their own opinion.

14 Wendy The depillarization® went on strongly.

15 Paula Yes, and the consumptive society arose.

16 Wendy People started to think more flexible about sex, which meant
greater freedom for young people.

17 Paula Yes, young people had more freedom anyway, because of their being
financially independent they were able to leave their parents more
early and they were independent of their parents.

18 Wendy Exactly.

19 Paula Okay.

# Depillarization refers to the breakdown of the strict division in socio-religious groups or pillars
(Protestants, Catholics, Socialists, and Liberalists) that existed in Dutch society since the beginning of the
twentieth century.

For all categories mentioned in this section (with the exception of asymmetry for
that was calculated on the basis of information that was logged by the computer) the
inter-rater reliability was measured by two coders (the first and second author) over
four randomly chosen chat protocols from a pilot study. The agreement varied
between 83% and 98%, and Cohen’s k varied between 0.69 and 0.95.

4.4.2. External representations

The external representations the students produced in the experimental conditions
were scored on the number of arguments pro and contra. The inter-rater reliability
(Cohen’s k) over 12 randomly chosen representations was 0.89 for the arguments pro
and 0.78 for the arguments contra. The number of sources referred to in the repre-
sentation, the total number of arguments used (arguments pro plus arguments con-
tra), and the balance of arguments pro and contra were also included in the analyses.
The balance refers to the difference between the number of arguments pro and the
arguments contra. A higher score on this measure means less balance. It should be
noted that based upon the sources that were provided, more arguments pro could
be identified compared to arguments contra. In sum, sixteen arguments pro could
be identified from the sources and ten arguments contra.
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4.4.3. Essays

Essays were scored on six aspects of historical reasoning: time references, changes
and continuity, explanations, use of sources, argumentation, and the use of historical
concepts. The scoring took into account both amount and quality. For example, the
number of explanations given, and the quality of the explanations given. Further-
more, a score was given for the structure of the complete essay. The maximum score
on the essay was 60 points. The inter-rater reliability between two coders on ten es-
says, turned out to be 0.59 (Cohen’s k; agreement 72%). This outcome is considered
sufficient, since assessing texts is highly interpretative. However, it was decided to
score all essays independently by two coders, compare the results, and discuss differ-
ences until agreement was reached.

4.4.4. Pretest and posttest

The pretest and posttest focused on subject knowledge about the sixties, since the
aim of the task was to improve subject-matter knowledge. The test contained seven
open answer questions and one multiple-choice question. The items were constructed
in line with the different aspects of historical reasoning (see Table 3).

The pretest and the posttest consisted of the same questions, only for some items
different historical sources (for example a different picture or text) were used. The
maximum score on both tests was 79. The inter-rater reliability of the scoring, on
ten randomly chosen tests, varied between 0.70 and 1.00 (Cohen’s ). After excluding
item la, in which the students had to give associations on the fifties, the item homo-
geneity (Cronbach’s «) turned out to be acceptable (pretest 0.72; posttest 0.64).

Table 3
Description of the items of the pre- and posttest and maximum scores

Item Description Components of Max score
historical reasoning

la Associations fifties* - 7
1b Associations sixties * 7
2 Situating historical phenomena in time® Time 10
3 Giving a definition of four concepts Concepts 8
4 Giving examples of four concepts Concepts 8
Sa Giving characteristics of the youth in the fifties Change 4
Sb Describing changes in the behavior Change 4
of the youth in the sixties
6a Giving causes for the changes in the behavior Explanation 10
of the youth in the sixties
6b Indicating the most important cause Explanation 2
Ta Giving arguments pro the given statement Standpoint 6
7b Giving arguments contra the given statement Standpoint 6
8a Interpretation of a source Source 2
8b Interpretation of a source Source 2
8c Evaluating the trustworthiness of both sources Source 3

& Association item: item in which students are asked to give associations on the fifties and the sixties in
a mind map.
® Multiple-choice items. The answers were correct or false.
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4.4.5. Questionnaire
After finishing the assignment the students were asked to fill out a questionnaire
that contained evaluative questions about the task and the computer environment.

4.5. Hypotheses

In this study the influence of the co-construction of an external representation in a
writing task in CSCL is investigated. Three different representational format (a dia-
gram, list and matrix) are compared to a control group, which included the same
task without the collaborative construction of an external representation. It is ex-
pected that compared to the control group, the experimental conditions (Diagram,
List and Matrix) would show more co-elaborated historical reasoning in the chat,
would produce better essays and would have higher scores on the posttest. In order
to verify the assumption that the amount of co-elaborated historical reasoning, the
quality of the constructed representation, the quality of the essay and the scores on
the posttest are positively related, the correlations between these variables will be
calculated.

Based upon the characteristics of the different representational formats used,
differences between the three experimental conditions in historical reasoning, the
constructed representations and the written essays are expected. Historical change
and argumentation are important elements of the task used in this study. It is
hypothesized that the chat protocols in the Matrix condition, compared to the
Diagram and the List, would show more talk about historical changes, for the col-
umns in the matrix direct attention to describing historical changes and deciding
whether each of these changes can be considered revolutionary or not. In addition,
for the Matrix condition higher scores on the aspect of historical change in the essay
and on the posttest are expected. The List and Diagram both focus on the process of
argumentation and it is therefore expected that students in these conditions would
show more discussion about their standpoint in the chat, and have higher scores
for argumentation in the essay and on the posttest. Moreover, it is expected that
the graphical format of the diagram would have more potential to promote balance
in the representation of arguments pro and contra than a linear format. The balance
between arguments pro and contra is more salient in a diagram, since one can easily
see whether it is even or uneven.

5. Results

In this section, the results of the analyses of the interaction processes, the collab-
oratively constructed products and the individual learning outcomes are presented,
as well as the outcomes of correlational analyses. To test differences between the con-
ditions, both univariate and multivariate analyses of variance were carried out. First,
the conditions were compared on students’ subject knowledge about the nineteen six-
ties, measured by the pretest. A one-way ANOVA revealed that the scores were



ARTICLE IN PRESS

J. van Drie et al. | Computers in Human Behavior xxx (2004) xxx—xxx 15

significantly different for the four conditions on the individual level (F(3,126) = 16.17,
p < 0.00). Also at the level of pairs (for which the average score of both students was
taken) a one-way ANOVA yielded a significant difference between the conditions
(F(3,61) = 14.03; p < 0.00). Post hoc tests (Dunnett’s C) indicated that the stu-
dent-pairs in both the Diagram (M =27.8; SD=2.7) and List condition
(M =27.9; SD = 4.6) scored significantly higher on the pretest (p < 0.05), than the
student-pairs in the Matrix (M =21.8; SD=5.2) and Control condition
(M =18.7; SD = 6.1). Therefore, the average pretest-score of the dyads was used
as a covariate in the univariate and multivariate analyses. To indicate differences
between the conditions simple contrast analyses were carried out. Differences are
considered significant when p < 0.05. When different analyses were conducted, this
will be explicitly mentioned.

5.1. Co-elaborated historical reasoning in the chat protocols

The mean length of protocols was 361.4 utterances (SD =171.5). ANCOVA
revealed that the length of the protocols (see Table 4) was significantly different

Table 4
Mean frequencies and standard deviations of task acts in chat protocols (N = 65)
Task acts Diagram List (N = 14) Matrix (N = 18) Control
(N =16) (N=17)
M SD M SD M SD M SD
Task” 77.3 (30.6) 102.1 (52.5) 128.2 (60.7) 153.2 (72.6)
Historical reasoning* 16.4~ (14.3) 17.6~ (11.0) 34.3* (23.4) 35.2* (35.3)
Representation 19.8" (14.2) 8.6~ 6.7) 13.9 (10.5) 4
Text construction” 11.57° (6.9) 22.0" (13.1) 22,67 (14.4) 39.2° (22.3)
Revision” 437° (3.8) 12.17 (15.6) 9.17% (12.1) 17.7° (16.9)
Goal 8.2 (5.7) 134 (14.2) 17.3 (13.0) 13.9 (10.9)
Resources 3.0 (3.8) 7.1 9.1) 7.6 (8.8) 6.5 (7.2)
Evaluation task” 8.5 (4.8) 10.17 (8.3) 14.87 (11.1) 22.8" (13.0)
Word count” 5.4~ (3.6) 10.17 ©.1) 114~ (8.5) 18.4" (13.9)
Procedures” 121.4 (60.6) 132.4 (80.0) 187.3 (65.7) 1922 (81.7)
Coordination 75.6 (44.9) 90.5 (53.0) 91.6 (349) 106.0 (58.4)
Task approach” 18.6~ (10.6) 20.7" (8.6) 51.4% (30.4) 53.1% (25.2)
Planning 7.3 (4.6) 7.6 (7.3) 13.3 9.0) 15.3 14.7)
Turn taking” 17.7- (15.5) 16.1° (13.8) 28.5" (15.8) 15.07 (12.6)
Evaluation 2.3 2.7) 2.6 (3.9) 2.5 (3.6) 2.9 (3.8)
Program 17.6 (15.3) 28.0 (28.6) 13.3 (13.1) 124 (13.8)
Social 359 (43.0) 29.3 (25.2) 35.1 (56.4) 41.1 (43.3)
Greeting 19.5 (8.5) 23.1 (8.8) 19.1 (7.8) 27.5 (8.0)
No Code 0.4 (1.8) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Total 271.9 (108.5)  320.7 (170.2) 384.0 (137.9) 426.5 (180.1)

Note. Means are unadjusted means.

Post hoc analysis: * sign. > 7; * sign. > °.
% In the control group no representational tool was used.
* p <0.05.
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for the conditions (F(3,60) = 4.47; p < 0.01). Simple contrast analyses indicated that
the Control condition produced more chat-utterances than Diagram and Control,
and that the Matrix produced more utterances than the Diagram. Thus, although
all students had worked for 6 h on the task, the students in the Control and Matrix
condition produced more utterances in the chat.

All utterances in the chat protocols were first coded on the level of Task Acts and
are presented in Table 4. In general, the analyses of the Task Acts showed that most
of the Task Acts were directly related to the assignment: 46% of the utterances were
related to Procedures and 33% to Task. About 21% of the utterances was about the
technical functioning of the program (Program), social talk (Social) and Greetings at
the beginning or the end of a session. Furthermore, it worth noting that a relatively
high percentage of utterances was coded Coordination (26%).

A MANCOVA, with the average pretest scores of the pairs as covariate, was
used to test whether there were differences between the conditions for the subcate-
gories of the variable Task and the variable Procedures. First, a MANCOVA for
the variable Task was conducted. The subcategory Representation was left out,
since the Control condition had no representation and therefore no Task Acts
related to Representation. An overall effect was found (F(21,158)=2.68;
p < 0.00), with significant differences for the subcategories: Historical Reasoning
(p <£0.01), Text Construction (p < 0.00), Revision (p < 0.00), Task Evaluation
(» <£0.01), and Word Count (p < 0.05). It was expected that the Experimental con-
ditions would show more historical reasoning compared to the Control condition,
however, the results indicated differently. Both the Control and Matrix condition
scored higher compared to Diagram and List on Historical Reasoning. In addition,
the Control condition scored significantly higher compared to the other tree condi-
tions on Text Construction, Revision, Task Evaluation, and Word Count. The
Matrix condition scored higher than the Diagram on Text Construction and Revi-
sion. In other words, the Control condition scored higher on those variables that
were directly related to the process of text-writing. An ANCOVA was carried
out on the subcategory Representation, which yielded a significant difference be-
tween the three experimental conditions (F(2,44)=3.97; p < 0.05). Significantly
more utterances were related to Representation in the Diagram, compared to the
List condition.

Next, a MANCOVA was conducted on the subcategories of the variable Proce-
dures. An overall effect was found (F(15,164) = 2.30, p < 0.01), with significant dif-
ferences for the subcategories: Approach (p < 0.01), and Turn Taking (p < 0.05).
Both in the Control and Matrix condition the students talked significantly more
about the approach of the task, compared to the students in the List and Diagram
condition. In the Matrix condition significantly more utterances were related to Turn
Taking compared to the other three conditions.

As shown above, both the Control and Matrix condition scored higher compared
to Diagram and List on the amount of historical reasoning. Historical reasoning
episodes were also analyzed on the type of historical reasoning, the amount of elab-
oration and the degree of co-construction. The results of these analyses are shown in
Tables 5 and 6. Notice, that instead of the number of episodes, the number of utter-
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Table 5

Mean frequencies and standard deviations of historical reasoning in chat protocols and the results of
analyses of variance (N = 65)

Historical Diagram (N =16) List (NV=14) Matrix (N=18) Control (N=17) F 4
reasoning

Time 0.4 (1.1) 1.3 (2.8) 127 (3.0) 5.1% (6.5) 377 0.02°
Description 3.4~ (4.9) 237°(32)  52°(5.9) 6.8% (11.1) 287 0.04°
Change 3.4 (5.0) 297 (4.2) 14.17 (15.4) 6.1 (11.8) 457 001"
Explanation 0.4 (1.3) 0.9 (2.7) 1.2 3.5) 0.8 (2.9) 037 0.78
Source 0.7 (1.8) 0.1 (0.5) 1.4 (5.2) 0.9 (3.0) 0.55  0.65
Standpoint 8.4 (6.6) 10.1 (7.1) 11.2 (11.5) 15.5 (17.1) 261 0.06

Note. Means are unadjusted means. Post hoc analysis: * sign. > 7; * sign. > °.
* p<0.05.
" p <0.01.

Table 6
Mean frequencies and standard deviations of elaboration, co-construction and co-elaboration in historical
reasoning episodes in chat protocols and the results of analyses of variance (N = 65)

Diagram List Matrix Control F P
(N=16) (N=14) (N=18) (N=17)

Elaboration 12.27 (12.7) 11.87 (10.4)  20.9* (18.2) 27.17 (32.4) 531 0.00™
— Question 6.17 (9.1) 7.27 (8.4) 10.5% (9.0) 13.27 (12.2) 415 001"
— Conflict 0.9 (3.0) 1.4 (4.0) 2.0 (6.1) 0.9 (2.7) 0.80  0.50
— Reasoning 517 (5.3) 317 4.3) 8.4 (11.7) 13.0" (21.7) 331 0.03

No elaboration 4.6 (4.8) 5.9 (6.1) 13.4 (16.8) 8.1 (5.5) 204 0.12

Degree of
co-construction
— Co-construction 7.6~ (10.5) 10.37 (9.8) 22.8% (20.0) 28.4% (31.1) 536 0.00"

— Domination 34 (5.1) 22 (4.1) 42 (7.1 3.3 (4.2) 0.83 048
— Individual 5.8 (4.9) 5.0 (5.9) 7.3 (7.4) 3.5 (4.1) 139 026
Co-elaboration 6.77°(10.0) 9.6 (10.3)  13.47%(13.7) 23.9(30.4)" 547  0.00”

Note. Means are unadjusted means. Post hoc analysis: " sign. > ~; * sign. > °.
* p<0.05.
* p<0.01.

ances that are part of the different types of historical reasoning episodes are men-
tioned in this table. In this way, the length of the episodes can be taken into account.

With respect to the different components of historical reasoning, the results indi-
cated that most historical reasoning was about historical changes in the sixties and
the point of view students take (see Table 5). Both of these aspects were central to
the task at hand. It was expected that the Matrix condition would show more talk
about historical changes, and that the Diagram condition would show more utter-
ances reflecting students’ point of view regarding the historical issue at hand. A
MANCOVA on the components of historical reasoning revealed an overall effect
(F(18,161) = 2.06; p < 0.01). Significant differences between the conditions were
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found for the categories Time (p < 0.05), Description (p < 0.05), and Change
(p < 0.01). Simple contrast analyses revealed that students in the Matrix condition
talked significantly more about historical changes compared to students in the Dia-
gram and List condition, which is in line with the expectations. Furthermore, stu-
dents in the Control condition made more time-references compared to the
students in the other three conditions. Both the Control and Matrix condition scored
significantly higher on Description compared to the List condition, and the Control
condition also scored higher compared to the Diagram for this category.

The mean frequencies of utterances that were part of an elaborated historical rea-
soning episode are given in Table 6. Most elaboration was related to the asking and
answering of questions. An ANCOVA revealed a significant difference between the
conditions for the total amount of elaboration (p < 0.01). Both the Matrix and Con-
trol condition scored significantly higher on Elaboration compared to the Diagram
and List condition. With regard to the type of elaboration the analyses showed a
significant difference for Question (p < 0.01) and Reasoning (p < 0.05). Both the
Control and Matrix condition scored higher on Question compared to the Diagram
and List condition. The Control condition scored also higher on Reasoning
compared to the Diagram and List.

Table 6 also presents the results for the degree of co-construction in historical rea-
soning. An ANCOVA revealed a significant effect Co-construction (p < 0.01). Simple
contrast analysis indicated that both the Control and Matrix condition scored higher
on Co-construction compared to the Diagram and List condition. In addition, it was
expected that the conditions with a representational tool would show more co-elab-
orated historical reasoning than the Control condition. However, the results indicated
the contrary. Analysis of variance showed a significant difference between the condi-
tions for the amount of co-elaborated historical reasoning (p < 0.01; see Table 6). The
Control condition showed significantly more co-elaborated historical reasoning com-
pared to the Diagram, List and the Matrix. Moreover, the Matrix showed more
co-elaborated historical reasoning compared to the Diagram.

5.2. Constructed representations

In the experimental conditions, the students collaboratively constructed a repre-
sentation. The question now arises as to whether the three representational formats
resulted in differences in the number of represented arguments, the balance between
arguments pro and contra, the number of sources used and the equality of participa-
tion in the construction of the representation. The results of an ANCOVA, presented
in Table 7, confirm an effect of the conditions on the total number of arguments
(» £0.01), the number of arguments pro (p <0.01) and arguments contra
(» < 0.01). Simple contrast analyses revealed that in both the List and in the Matrix
condition more arguments were used compared to the Diagram condition. The Ma-
trix scored significantly higher on Arguments Pro compared to both the List and
Diagram, whereas the List scored higher than the Diagram. With regard to Argu-
ments Contra both List and Matrix scored higher compared to Diagram.



ARTICLE IN PRESS

J. van Drie et al. | Computers in Human Behavior xxx (2004) xxx—xxx 19

Table 7
Mean scores and standard deviations of the representation for the experimental conditions and results of
analysis of variance (N = 48)

Diagram (N = 16) List (N = 14) Matrix (N = 18) F P

Total arguments 13.57 (3.7) 17.6% (3.1) 18.6* (2.0) 13.60 0.00""

— Arguments pro 8.97° (2.4) 10.97* (1.6) 12.5% (1.2) 17.10  0.00"

— Arguments contra 4.6 (1.9) 6.7 (2.5) 6.1% (1.7) 4.64 0.01™"
Balance pro and contra 437 (2.3) 427 (2.8) 6.4 (2.1) 4.78 0.01™"
Sources used 14.37° (4.8) 20.97* (4.5) 25.1%(0.7) 36.89 0.00""
Note. Means are unadjusted means. Post hoc analysis: " sign. > ~; * sign. > °.

*p < 0.05.

" p<0.01.

Additionally, the balance between the arguments pro and contra was analyzed
(see Table 7). The balance was computed as the difference between the number of
arguments pro and the number of arguments contra. A larger score means less bal-
ance. An ANCOVA revealed a significant difference between the conditions. Simple
contrast analyses indicated that the Matrix showed less balance compared to the
Diagram and List. Table 7 also shows the number of sources used in the representa-
tions. In sum, 26 sources were available. In the Matrix condition almost all sources
were used and in the Diagram condition students used the least number of sources.
An ANCOVA revealed a significant difference between the conditions (see Table 7)
and simple contrast analyses showed that this difference was significant between all
three conditions.

How did the students experience working with the representational tool? In the
questionnaire, the students were asked to give their opinion about working with
the representational tool. About 80% of the students who worked with one of the
representational tools (N = 96) thought it a useful way of working. They thought
that the tool helped them to select important information for the essay and to struc-
ture this information. About 15% (5% was missing) was less positive and considered
the construction of the representation as extra work, or preferred their own way of
working instead of the structure offered by the representation they used. The stu-
dents who worked in the Control group were asked whether they preferred the
way they worked, or the way the other group of students in their class worked (they
used the Matrix). One third of the 30 students who filled out the questionnaire did
actually prefer to work with the matrix tool, for they thought it would be a useful
way to select and organize the information.

5.3. Learning outcomes
5.3.1. Essays

As to whether the construction of different representations resulted in differences
in learning outcomes, the results of the collaboratively written essays were first exam-
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Table 8

Mean scores, standard deviations and maximum scores for the essay (N = 65)

Quality of Diagram List Matrix Control Maximum
the essay (N=16) (N=14) (N=18) (N=17) score
Time 4.8 (0.8) 5.4 (0.7) 5.0 (0.8) 5.4 (0.9) 6
Concept” 6.9 (1.2) 6.47°(1.1) 6.9% (1.3) 7.3% (1.6) 12
Change 6.1 (1.1) 6.5 (0.9) 6.8 (1.2) 6.6 (1.1) 9
Explanation 4.4 (0.8) 4.1 (1.6) 4.6 (1.3) 4.4 (0.9) 9
Standpoint 8.5 (2.5) 10.2 (2.0) 8.8 (2.2) 92 (2.2) 15
Source” 397 (1.1 4.17 (1.0) 397 (1.1 4.4%(1.2) 6
Structure 1.9 (0.8) 1.9 (0.7) 1.9 (0.7) 1.9 (0.6) 3
Total 36.7 (5.1) 38.6 (4.9) 38.1 (5.3) 39.2 (4.6) 60

Note. Means are unadjusted means. Post hoc analysis: * sign. > ~; * sign. > °.
" p<0.05.

ined. In Table 8 the scores for the categories that were used to describe the quality of
the essays are presented.

A MANCOVA, with the mean pair scores on the pretest as covariate, revealed a
significant difference between the conditions for the quality of the essays
(F(21,158) = 1.70; p <0.05), for the categories Concept (p < 0.01) and Source
(p < 0.05). Simple contrast analyses showed that the Control condition scored higher
on Concept compared to both Diagram and List. The Matrix scored also higher
compared to List. With regard to the category Source scored the Control signifi-
cantly higher compared to all three other conditions. The results did not indicate dif-
ferences on the categories Change and Standpoint as was expected.

It was expected that the conditions in which the students had constructed an
external representation would show higher scores for the essays than the control
group. A possible explanation for the fact that this expectation was not met, might
be that the students who did not have to construct a representation could spend
more time on writing the essay. That the students in the Control group talked more
in the chat about aspects related to the writing of text (such as Text construction and
Revision), could point into this direction. To check this assumption, the time spent
on the different tools in the CSCL environment was distilled from the log files (see
Table 9).

Table 9
Mean time (in min) and standard deviations spent in the Chat, Notes, and Essay and the results of a one-
way ANOVA (N = 65)

Diagram (N =16)  List (N =14) Matrix (NV=18)  Control (N=17) F p
Chat 76.3 (34.8) 71.9 (22.9) 80.5 (18.4) 85.2 (25.8) 0.50  0.68
Notes  43.47 (25.6) 61.0" (35.6) 55.67 (31.3) 93.2% (36.4) 6.01  0.00"
Essay  49.0" (26.1) 47.17 (27.5) 55.6 (24.4) 68.8" (20.9) 279 0.05"

Post hoc analysis: * sign. > ~; * sign. > °.
* p<0.05.
" p <0.01.
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If the aforementioned explanation is true, the control group would have spent
significantly more time at the writing of the essay. A one-way ANOVA revealed
that the conditions differed significantly on this category (see Table 9) and that
the Control condition indeed spent significantly more time on writing the essay
compared to the Diagram and List (Dunnett’s C post hoc test). Moreover, the
Control condition spent also more time on working in the Notes box compared
to the other three conditions. In general, the Notes box was used by the individual
student (it is not a shared tool) to summarize important information from the
sources. However, the Notes box was also used to write (parts of) paragraphs
for the essay, when the partner was writing in the text editor (in which they could
not work at the same time). The fact that the students in the Control condition
spent more time making notes, could actually mean that they spent more time
on the writing of the essay, not only in the shared text editor, but also in their per-
sonal Note box. However, additional analyses on the content of the notes should
prove this.

The representational tool was added to support students in selecting and organ-
izing information from the sources in order to write the essay. This assumption pre-
supposes that the items mentioned in the representation will subsequently be used in
the essay. To test this assumption, the number of items in the representation and in
the essay was counted, as was the amount of overlap between them. The results of a
one-way ANOVA, presented in Table 10, and the post-hoc tests (Dunnett’s C)
showed that both in the List and in the Matrix more items were presented compared
to the Diagram. The students in the List condition also presented more items in their
essays, compared to the students using the Diagram. The number of overlap items
turned out to be significantly higher for both the List and Matrix condition in com-
parison to the Diagram condition. The percentage of items in the representation that
were also mentioned in the essay was also calculated. The List showed the highest
percentage and a significant difference with Diagram. In addition, the percentage

Table 10

Mean frequencies and standard deviations of number of items in representation and essay, number of
overlap, percentages overlap on total representation item, and on total essay items and the results of a one-
way ANOVA (N =48)

Diagram List Matrix F 4

(N =16) (N=14) (N=18)
Representation 13.17 3.7) 16.9" (3.0) 18.1" (3.6) 13.03 0.00"
Essay 10.87 (2.5) 13.9* (3.2) 11.2 (3.3) 4.77 0.01™"
Overlap 7.67 (2.5) 11.3" (2.4) 9.9* (2.5) 8.89 0.00""
Overlap: % of total items 53.87 (16.4) 68.3" (14.9) 55.2 (14.5) 4.07 0.02"
in representation
Overlap: % of total 69.9” (14.9) 82.8" (14.4) 84.7% (10.0) 6.14 0.00""

items in essay

Post hoc analysis: * sign. > ~; * sign. > °.
* p<0.05.
* p<0.01.
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of overlap on the total of items in the essay was calculated. It turned out that the
Matrix and List scored significantly higher compared to the Diagram. In other
words, the students in the Matrix and List added less new items in their essays (that
were not already presented in the representation), and that students in the Diagram
added more new items.

5.3.2. Pretest and posttest

In Table 11 the results of the individual pretest and posttest on the main items are
presented, as well as the maximum scores of the items. A paired samples 7-test
showed that the students improved on all items of the test (p < 0.05). The only excep-
tion was that the students in the List condition did not improve on their scores on the
Source item (interpretation and evaluation of the trustworthiness of two historical
sources).

As was mentioned before, the total score on the pretest turned out to be dif-
ferent for the conditions (F(3) = 16.17; p =0.00). The post hoc test revealed that
the score in the Diagram and List conditions was higher than the score in the
Matrix and Control condition. Therefore the individual score on the pretest was
used as a covariate in the analyses of the posttest. A MANCOVA with the pre-
test score as a covariate showed a significant effect of the conditions on the post-
test scores (F(21,353) = 1.76; p < 0.05). Significant differences at a 0.05 level were
found for the variables: Concepts (defining and giving examples of historical
concepts), Standpoint (providing argument for and against the statement that
the sixties were revolutionary) and Source (interpretation of sources and evalua-
tion of their trustworthiness). Simple contrast analyses revealed that both List
and Control scored higher than the Matrix on Concepts and that the Control
group scored higher than the Diagram and List on Standpoint and Source. Since
the students in the Matrix condition reasoned more about processes of change
and continuity in the chat, the Matrix condition was expected to score higher
on the items about Change. However, this expectation was not met. Nor was
the expectation met that the Diagram and List condition would score higher
on Standpoint.

Table 11
Mean scores and standard deviations of pretest and posttest for the conditions (N = 130)
Diagram (N = 32) List (N =28) Matrix (N = 36) Control (N = 34)
Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest
Associations 3.1 (1.4) 5.9 (1.0) 3.1 (1.6) 5.3 (1.4) 2.6 (1.9) 5.4 (1.1) 2.0 (1.3) 5.5(1.2)
Time 6.4 (1.6) 7.1 (1.5) 5.9 (1.8) 7.5 (1.3) 5.5(2.0) 7.3 (1.5) 4.9 (2.5) 7.5 (1.8)
Concept 8.1 (2.7) 11224 8127 12.1 (2.0)0 59 (2.5 9.6 (2.6) 5.4 (2.9) 11.2 (4.4)
Change 2.5 (1.3) 43 (1.4) 2.6 (1.5) 4.6 (1.5) 1.9 (1.4) 4.2 (1.3) 1.9 (1.3) 4.5(1.3)

Explanation 2.6 (1.9) 5127  25(1.8) 51(23) 14(1.7) 5025  08(L1) 5924
Standpoint ~ 1.7(1.2)  33(1.9) 21(1.2) 34(14) 17(14) 35(4) 1112  3.7(l4)
Source 34(L7)  42(L7) 3617  41(1.6)  3.0(1.8)  44(L7)  27(18)  4.6(19)

Total 27.8 (4.3) 41.1(7.2) 27.9(55) 42.1(59) 218 (6.5) 394 (7.6) 187 (84) 43.0(7.6)

Note. Means are unadjusted means.
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5.4. Correlational analyses

An important expectation of this research was that the collaborative construction
of an external representation will result in more co-elaborated historical reasoning in
the chat protocols and in higher scores for the essay and the posttest. As was shown
above, analyses of variance did not confirm this assumption. On the contrary, the
Control condition, which performed the task without a representational tool,
showed more co-elaborated historical reasoning. However, this leaves the question
unanswered whether more co-elaborated historical reasoning goes together with
higher scores for the essay and higher scores on the posttest, and whether the stu-
dents who constructed a representation of higher quality also wrote a better essay
and performed better on the posttest. Therefore correlations were computed for
the variables: co-elaborated historical reasoning, scores of the constructed represen-
tation, scores of the essay, and the scores on the posttest. Notice that the scores on
the test are individual scores, whereas the scores on the other three variables are
group scores. To calculate the correlations between the test scores and the other var-
iables, the pair score was ascribed to the individual students. This results in an
enlargement of the N. The results of the analyses showed no consistent outcomes
for the four conditions. Two significant correlations were found. In the Diagram
condition there was a significant correlation between the number of arguments in
the representation and the posttest scores (r = 0.49, p = 0.005, N = 32). In the Matrix
condition the number of utterances that belonged to co-elaborated episodes corre-
lated significantly with the score of the essay (r = 0.66, p = 0.003, N =18). More
co-elaboration went together with higher scores for the essay. In the other conditions
this result was not found.

5.5. Prior experience with CSCL

Some students participating in the Control and Matrix condition had prior expe-
rience with CSCL (they had participated in another research-project with a similar
kind of software tool), whereas none of the students in the Diagram and List condi-
tion had this kind of experience. To determine whether this experience may have influ-
enced the outcomes of this study, the students of the Matrix and Control condition
were divided in two new groups, the first group had experience with CSCL
(N =46, 23 pairs) and the other did not (NV = 24; 12 pairs). All pairs consisted of stu-
dents both with experience or both without experience. As mentioned before, the Ma-
trix and Control condition did not differ in the scores on the pretest, and therefore
t-tests for independent samples were used to test significant differences between the
two groups (p < 0.05). It turned out that no significant differences were found for the
following variables: (a) co-elaborated historical reasoning in the chat (Mexperience =
200: SDexperience = 233, Mno experience = 158: SDno experience = 250): l(33) = 048,
p= 063’ (b) the quahty ofthe essay (Mexperience = 3949 SDexperience = 407 Mno experience =
37.3, SDro experience = 0.3), #(33) = 1.20, p = 0.24, and (c) the scores on the individual
posttest (Mexperience =41 ~1> SDexperience = 79, Mno experience 41 '2’ SDno experi-
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ence = 1.7), t(68) = 0.04, p = 0.96. In other words, students with experience in
CSCL did not score differently compared to students without previous CSCL expe-
rience. So, experience with CSCL cannot be used to explain why the Control and
Matrix condition scored higher on the main variables.

6. Conclusions and discussion

In this article, the results of a study on the effects of the construction of external
representations on the collaborative construction of historical knowledge in a CSCL
environment are reported. The analyses focused on the collaborative process (histor-
ical reasoning, elaboration and co-construction in the chat), the constructed prod-
ucts (representation and essay) and individual learning outcomes (pre- and
posttest). The results of this study indicated that a collaborative writing task in a
CSCL environment is useful for promoting historical reasoning and the learning
of history. All students learned from the task, as the results of the pretest and the
posttest indicated. Moreover, the chat discussions and the constructed representa-
tions and essays reflected historical reasoning, although the amount of historical rea-
soning in the chat was less than expected. The main function of the chat in these kind
of complex tasks seems to be the coordination of activities (e.g., Erkens, Jaspers, &
Prangsma, 2001). Because typewritten utterances involve a lot of effort, students
might confine themselves to what is minimally necessary for the coordination of
the task instead of engaging in extended content-specific discussions.

It was hypothesized that the addition of a representational tool in the CSCL envi-
ronment would result in more co-elaborated historical reasoning in the chat discus-
sion. This expectation was not confirmed. An explanation might be that both the
representational tool and the chat are shared tools with (among others) the function
of sharing information. By adding an argument in the representational tool, the
argument is communicated to the other student and becomes part of the shared con-
text. Therefore, it is not necessary to also share this argument via chat. The sugges-
tion made by Suthers and Hundhausen (2003), that when one wishes to modify a
shared representation one feels the obligation to discuss this first with the partner(s),
was not confirmed here. The difference in communication between the two studies,
face to face in the study of Suthers et al., and chat in this study, might explain this
different finding. It might be too much effort to communicate each addition or mod-
ification in the chat, whereas this might be easier in face to face communication.
Thus, co-elaborated historical reasoning does not only take place in the chat discus-
sion, but also through the use of the representational tools. This suggests that the rep-
resentational tool does not only function as a cognitive tool that can elicit
elaborative activities, but also as a tool through which students communicate and
elaborate.

Furthermore, it was expected that the students who constructed an external rep-
resentation would score higher on the essay. This expectation was also not confirmed
by the results; the Control condition scored as well as, and sometimes even better
than the experimental groups. A possible explanation for this outcome might be that
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the students in the Control condition could spend more time on the writing of the
essay, since they did not have to construct a representation. The analyses of the Task
acts in the chat protocols, that indicated that the students in the Control condition
were more focused on the writing of the essay, point in this direction. Additional
analyses on the time spent in the different tools confirmed this explanation. The stu-
dents in the Control condition did not only spend significantly more time in the Text-
editor, but also in the individual Notes-box. The Notes-box was probably used to
write parts of the essay when the other student was working in the text editor, which
were then cut and passed in the essay. Further analyses on the content of the notes
should reveal whether the Notes-box was indeed used for writing parts of the essay
or for other purposes, and for which purposes the Notes-box was used in the other
conditions.

Another possible explanation for the fact that the experimental groups did not
score higher on the essays compared to the control group, might be that students
had not had enough experience with constructing an external representation, let
alone enough to use this representation for writing the essay. The large overlap be-
tween items of the representation and the essay in the List condition, indicated that
the list was easiest to use for text writing. The diagram seemed to be most difficult to
use; there was only a small amount of overlap between items of the representation
and the essay, and a lot of new items were used in the essays that were not repre-
sented in the representation. Moreover, the standard deviations for almost all the
variables were high, which indicates that the variation between dyads was large.
Probably, a lot of other aspects are of influence on students’ behavior and learning
results, such as motivation, text writing skills, and experience with CSCL. This last
was ruled out by the analyses presented on prior experience.

The comparison between the three different representational formats shows that
the representational notation effects the type of interaction in the chat. This finding
is in line with the findings of Suthers and Hundhausen (2003). The results of the anal-
yses show some important advantages and disadvantages of each form of represen-
tation. It was expected that the matrix would have more potential to support
domain-specific reasoning, in this study especially reasoning about historical
changes. This hypothesis was confirmed. The students in the Matrix condition talked
most about historical changes, a component of historical reasoning that was most
important for the task that we used. Moreover, in this condition the amount of
co-elaborated historical reasoning correlated positively with the total score of the
essay. In the matrix most arguments were represented and references were made
to almost all available sources. This finding is in line with results of the study of
Suthers and Hundhausen (2003) in which the matrix group represented the most evi-
dential relations. In this study, the matrix seems to have prompted students to fill in
all available changes and continuities for which they used almost all available
sources. However, this did not result in higher scores on the aspect Change in the
essay and the posttest. It might be possible that the scoring of the essay was not
detailed enough to catch the differences. Additional analyses of the essays showed
that the students in the Matrix condition more often categorized the historical
changes as political, cultural and economic, whereas students in the others
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conditions did less. However, this difference was not caught by our scoring of the
essay.

The results also indicated that a diagram is less suited for representing a lot of
information. The constructed diagrams contained significantly less arguments and
references to sources than the matrices and lists. A main advantage of an argumen-
tative diagram lies in the fact that it is possible to organize the arguments graphically
and to interrelate the arguments with links. However, a diagram might become too
complex and too hard to organize when a lot of information has to be represented. It
seemed that students in the Diagram condition had difficulties in selecting the most
important information they needed for the writing of the essay. First, there was not
much overlap in items in the representation and the essay and second they added a
lot of new items in their essays. The results of this study also showed an advantage of
constructing a diagram. In line with the expectations, in the diagrams students
reached more balance between arguments pro and contra. Unfortunately, this result
was not reflected in the essays or posttest.

To conclude, this study shows that a collaborative writing task in a CSCL envi-
ronment is a useful task to promote historical reasoning and the learning of history.
Moreover, the representational format seems to influence aspects of the collaborative
learning process in a CSCL environment. The representational format seems espe-
cially of influence on aspects of domain-specific reasoning. However, this did not re-
sult in differences in learning outcomes. The representational tools did not elicit more
domain-specific discussions in the chat, but were mainly used as tools through which
information was communicated and shared. Continued work in this area needs to
give us more insight into the support that representational tools can give, especially
with respect to the domain-specific reasoning that is asked for in the task. Further-
more, more research about the role of experience with a CSCL environment and of
experience with constructing and using external representations is needed.
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