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Abstract

The present study focuses on the use of two different types of scripts as possible ways to structure university students’ discourse in asynchronous
discussion groups and consequently promote their learning. More specifically, the aim of the study is to determine how requiring students to label their
contributions by means of De Bono’s Thinking Hats (script |) and Weinberger’s script for the construction of argumentation sequences (script 2) affects
the ongoing critical thinking processes reflected in the discussion. The results suggest that both scripts successfully facilitated critical thinking. The results
showed that the labeling condition (script |) surpasses the argumentation script (script 2) with regard to the overall depth of critical thinking in the
discussion, and the critical thinking processes during the stages of problem identification and problem integration in particular. Further, it can be argued
that students in the labeling condition are engaged in more focused, more critical, and more practically-oriented discussions.
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Os efeitos de dois roteiros de aprendizagem colaborativa baseada em com-
putador (ACBC) sobre o pensamento critico de estudantes universitdrios

Resumo

O objetivo desse estudo é enfatizar o uso de dois diferentes roteiros como possibilidades para estruturar o discurso de estudantes universitarios em
grupos de discussao assincrona e, conseqlientemente, promover o aprendizados dos mesmos. Mais especificadamente, esse estudo tém o objetivo de
ensinar alunos a dar suas contribuicées por meio do roteiro de De Bono’s Thinking Hats (roteiro |) e pelo roteiro Weinberger para a construgio de
seqliéncias argumentativas (roteiro 2) que afetam o curso do processo de pensamento presente numa discussao. Os resultados revelaram que rotulagao
(roteiro 1) supera o roteiro argumentativo (roteiro 2) em relacao a profundidade do pensamento critico global e do pensamento critico durante o estagio
de identificagao de problemas e, em particular, na etapa relativa a integracao de problemas. Além disso, pode ser considerado que alunos competentes
em rotulagdo sdo mais engajados, criticos e orientados para a pratica nas discussoes.

Palavras-chave: Pensamento critico; Resolugdo de problemas; Aprendizagem.

Los efectos de dos guias de aprendizaje ayudada basada en computado-
ra (ACBC) sobre el pensamiento critico de estudiantes universitarios

Resumen

El objetivo de este estudio es enfatizar el uso de dos guias diferentes como posibilidades para estructurar el discurso de estudiantes universitarios en
grupos de discusién asincrona y, consecuentemente, promover el aprendizaje de los mismos. Mas especificamente, este estudio tiene el objetivo de
ensefarle a alumnos a dar sus contribuciones por medio de la guia de De Bono’s Thinking Hats (guia 1) y por la guia Weinberger para la construccion de
secuencias de argumentos (guia 2) que afectan el curso del proceso de pensamiento que esta presente en una discusion. Los resultados mostraron que
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rotulacién (guia 1) supera la guia argumentativa (guia 2) en relacién a la profundidad del pensamiento critico global y del pensamiento critico durante el

periodo de identificacién de problemas y, particularmente, en la etapa relativa a la integraciéon de problemas. Ademas de eso, puede ser considerado que
los alumnos competentes en rotulacién son mas comprometidos, criticos y orientados para la practica en las discusiones.

Palabras clave: Pensamiento critico; Resolucién de problemas; Aprendizaje.

Introduction

Computer-supported collaborative learning
(CSCL), and asynchronous discussion groups in par-
ticular, is very popular because of the positive effects
on different aspects of learning. Empirical evidence
however stresses the importance of engaging students
in high-quality interaction as a prerequisite for
supporting online learning. In this respect, scripts can
be regarded as an approach to facilitate true
collaborative learning. With the present study we want
to shed light on the impact of different kind of scripts
and the different aspects that should be taken into
account when designing CSCL environments.

A script can be defined as a detailed and more
explicit didactic contract between the teacher and
the group of students regarding their mode of
collaboration (Dillenbourg, 2002). Certain scripts, for
instance, stimulate learners to construct specific
arguments by providing them prompts on which they
have to respond (Baker & Lund, 1997; Dillenbourg,
2002; Kollar, Fischer & Hess, 2003; Weinberger,
2003; Weinberger, Ertl, Fischer & Mandl, 2005). This
approach is particularly interesting to specify,
sequence, and eventually to allocate different learning
activities to learners (Weinberger et al., 2005).

The concept of ‘script’ however encompasses a
very broad range of methods, techniques, and
approaches. In this respect it is difficult to speak about
the overall efficacy of CSCL scripts (Dillenbourg,
2002). In this study, we compared the use of two
different types of scripting tools and the impact of
these scripts on the critical thinking processes
reflected in the discussion. As part of the course
‘Instructional Strategies’, 57 third-year university
students were engaged in asynchronous discussion
groups debating different perspectives, possibilities,
and limitations of “constructivism” during two weeks.

Two research conditions were distinguished. In the
first condition (script 1), students were required to

tag their messages by means of De Bono’s (1991)
Thinking Hats. Each note in the discussion had to be
associated to one of a predefined set of six labels
expressing different thinking types. The aim of
requiring students to tag their posts is twofold. First,
it obliges students to reflect upon the nature of their
contribution and on how it will add to the ongoing
discussion. Second, the labels improve the outline of
the discussion and indicate the predominance or
absence of one or more thinking types. Table |
presents an overview of the six thinking types reflected
in De Bono’s thinking hats (1991).

In the second condition (script 1), the
argumentation-visualization script based on
Weinberger, Stegmann, and Fischer (2005) was used
to support the construction of argumentation
sequences. With this script, there is an imposed path
of argument, counterargument, and integration
through the discussion.

Oliver (2001) argues that critical thinking skills
represent an important issue for education and that
these skills are particularly important nowadays in
order to make meaningful use of electronic
information. Boxler (2002) considers critical thinking
as a main tool that one must develop and use to enact
social change. Although asynchronous discussion
groups might support opportunities for engagement
in various cognitive processes such as critical thinking,
they do not guarantee it (Murphy, 2004). Few studies
specifically focus on critical thinking. However, some
aspects of critical thinking have been investigated in
online asynchronous discussion environments.
Empirical evidence stresses for instance the
importance of engaging students in high-quality
interaction as a prerequisite for supporting critical
thinking and deep-level learning. Because there is little
empirical evidence on whether and how computer-
supported collaboration scripts specifically aimed to
support critical thinking are really successful, the
following research question was explored: Do
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Table |: Overview of the interpretation of De Bono’s thinking hats (1991)

Thinking hats

The white hat

White remembers of paper. The white hat can be used to focus the attention on available information and encloses

objective information.

What information do we have? What information do we need?

The blue hat

The blue hat is the color of the sky high above us. This hat stands for a reflective perspective to see whether the

right topic is addressed.

What 1s relevant? Defining what to think about and deciding what is to be reached.

The green hat

The green hat is associated with grass, fertile, and growing. Wearing this hat assumes being creative and

cultivating new ideas.

Bringing in new ideas. What are the alternatives and the possibilities?

The black hat

Black remembers of the toga of a judge and stands for “watch out”. This hat points at the pitfalls of possible

solutions.

Linking ideas together and evaluating the possible solutions. Looking at why this solutions will or will not fail.

The yellow hat

The yellow hat is associated with the sun and positivism and tries to integrate and apply the solutions.

Validating the solutions within the group, giving feedback and grounding back the outcomes in the real world.

The red hat

The red hat suggests fire and warmth and stands for emotions, intuition, and feelings.

Sharing an opinion, an intuition without a clear argumentation.

messages of students who were required to tag their
contributions to asynchronous discussion by means
of De Bono’s Thinking Hats (1991) differ from
messages of students who were required to follow a
script for the construction of argumentation
sequences with regard to the overall depth of critical
thinking, the depth of critical thinking for different
categories and indicators, and the depth of critical
thinking at the successive critical thinking stages
distinguished by Garrison (1992).

Theoretical framework

Although most educators agree on the importance
of critical thinking for learning, there is much
disagreement about the exact meaning of the term
“critical thinking” and there is no universal definition
of critical thinking for education. In the present study,
we agree with the definitions of Chance (1986) and

Scriven and Paul (1992) who respectively define
critical thinking as the ability to analyze facts, generate
and organize ideas, defend opinions, make
comparisons, draw inferences, evaluate arguments,
and solve problems (Chance, 1986) and as the
intellectually disciplined process of actively and skillfully
conceptualizing, applying, analyzing, synthesizing, and/
or evaluating information gathered from, or generated
by, observation, experience, reflection, reasoning, or
communication, as a guide to belief and action (Scriven
& Paul, 1992).

A number of theorists have considered critical
thinking as a problem-solving process (e.g.,
Brookfield, 1987; Garrison, 1992). Garrison (1992)
more particularly identifies five phases of critical
thinking. According to his theory, critical thinkers
move through the stages of identifying a problem,
defining it more clearly, exploring the problem and
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possible solutions, evaluating their applicability, and
integrating this understanding with existing
knowledge. The model employed to analyze the
discourse in the present study is based on Garrison’s
model which is a dynamic cognitive one, similar to
models of problem-solving used in cognitive
psychology and artificial intelligence. Although
Garrison initially developed it as a means of studying
individual learning, it requires shared understanding
with others and is therefore suitable for studying
group learning as well. Underneath, the different
stages are illustrated briefly.

Stage I: Problem identification. Students start by
identifying a problem and gather information on it.
This information is made available for other students
in the online discussion groups. It is in the interaction
with others that the problem is identified.

Stage 2: Problem definition. In the problem
definition phase students have to define problem
boundaries, ends, and means. At this point students
should bring in outside information from textbooks
or own experience to clarify the problem. It requires
the students to identify a position before putting
arguments for and against it.

Stage 3: Problem exploration. The phase of
problem exploration can be regarded as the
creative generation of new ideas, since it is the
most creative part of the critical thinking process.
Here students have to explore the problem and
possible solutions. They use both logical reasoning
and creative thinking to extend their understanding
beyond the basic problem definition (Newman et
al., 1995).

Stage 4: Problem evaluation/applicability. In the
fourth stage, students critically evaluate possible
solutions, link ideas together, and try to find out if
these proposed solutions can work in practice.

Stage 5: Problem integration. When students
integrate the solutions into existing knowledge, they
need to validate the solution within the group. This is
the stage where the solutions are grounded in the
real world. This requires feedback. In this respect,
not only external feedback is necessary; but criticism
from other group members is important as well.

Method

Sample and design

All students enrolled for the course ‘Instructional
Strategies’ participated in the present study (N=57).
The students were subdivided into 6 groups and each
group was randomly assigned to one of the two
research conditions. Students were either required
to tag their contributions by means of De Bono’s
(1991) Thinking Hats (script |) or to post messages
following the argumentation-construction model of
Weinberger, et al. (2005) (script 2).

With regard to the script | condition, the online
discussion environment offered a checklist
interpreting the different types of contributions
advancing the discussion process. For each Thinking
Hat, the students received a description of what the
hat implies in terms of a discussion contribution. In
the script 2 condition, we aimed to facilitate a specific
argumentation  sequence of  argument-
counterargument-integration (Weinberger, et al.,
2005; Leitao, 2000). In this script, each first message
of a discussion tread has to be labelled “argument”.
The answer to an argument should than be labelled as
“counterargument” and a reply to a counterargument
has to be labelled as “integration”. The next message
is again a “counterargument”, then “integration” and
so on. In this way, there is an imposed path throughout
the discussion. If necessary, students can start a new
thread, starting again with an argument.

Task environment and procedure

Students participated in an asynchronous discussion
session of two weeks. Students were flexible as to
time and place to work on the discussion assignment
within this two-week frame. During the first face-to-
face session of the course, the CSCL-environment
was demonstrated. A typology functionality was
included in the system. The typology and the different
types, in this case, the different hats were defined
and added to the forum. If students wanted to post a
message to the forum, they first had to pick a type of
the typology concerned, in this case this means
choosing between red, white, green, yellow, black,
or blue hat from a drop-down menu. When their
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message was contributed to the forum, the hat
chosen appeared next to their message.

A number of strict rules were stated to define the
expected student participation: participation in the
discussion groups was a formal part of the course,
successful participation implied that each student
posted at least 5 messages, and the instructor
followed the ongoing discussions and limited the
interventions to structural feedback. To ensure a
correct use of the labels students received a thorough
training with regard to the differences between the
labels. Moreover the information and description of
the different hats was incorporated in the discussion
environment and visible for the students at all times.

The nature of the discussion assignment was the same
for all discussion groups in the study. The same learning
goal, context, expectations, time requirements, and
deliverables was put forward in all discussion group,
regardless of the research condition the groups were in.
The discussion assignment allowed learners to construct
different arguments pro or contra “constructivism”. An
online column on EduSite (http://www.edusite.nl/edusite/
columns/) served as a starting point. Students were asked
to read this text and to discuss the content from different
perspectives. They were urged to consult the literature
suggested in the course reader and to search for additional
information to feed the discussion.

Data analysis

Content analysis was applied in order to study
the critical thinking processes reflected in the
discussions. More particularly, the content analysis
scheme based on Newman, Webb, and Cochrane
(1995) was used. This content analysis instrument
is based on Garrison’s (1992) five stages of critical
thinking and Henri’s (1992) cognitive skills. It
identifies 10 critical thinking categories: relevance,
importance, novelty, outside knowledge, ambiguities,
linking ideas, justification, critical assessment,
practical utility, and width of the discussion. For each
category, a number of positive and negative indicators
are formulated and most indicators are fairly obvious
opposites (Newman et al., 1995). Within the
framework of the present study all critical thinking
categories and indicators distinguished by Newman

et al. (1995) were adopted, except for the indicators
referring to tutor postings. Taken into account the
restricted time span of a two-week discussion we
requested students to move on quickly to a more
focused discussion. Therefore, the category ‘Width
of the discussion’ received a deviated interpretation,
assigning a positive connotation to focused
discussions and a negative connotation to broad
discussion contributions. In this respect, the category
was renamed ‘Focus of the discussion’. The indicators
used in the present study are listed in Table 2.

For each of the 6 groups, the complete discussion
transcripts were analyzed. This encompasses a total
of 510 messages. According to Newman et al. (1995),
phrases, sentences, paragraphs, as well as messages
illustrating at least one of the indicators can serve as
units of analysis. The authors only mark and count
the obvious examples, and ignore less clear indicators.
They do not report reliability data and according to
Marra, Moore, and Klimczak (2004) calculating inter-
reliability is not even possible given that the unit of
analysis varies from phrases, to paragraphs, or to the
entire posting. Therefore, in the present study the
whole message was used as the unit of analysis.
According to Rourke, Anderson, Garrison, and Archer
(2001) this results in the objective identification of all
units of analysis. Each message that obviously indicated
critical or uncritical learning according to the indicators
explained above was analyzed. Per category only one
indicator could be chosen. This means that every
message could receive a maximum of 10 codes.

Two coders coded the messages independently.
Training was provided to all coders and included a
thorough explanation of the coding process, written
coding rules and guidelines, examples and non-
examples and practice with sample data. Group
discussion helped students to get acquainted with the
particularities of the coding scheme and to reach
mutual agreement about the coding category to be
selected. Inter-rater reliability was calculated and found
satisfactory for each category of critical thinking.

To check the correspondence between the
students’ message label and the actual message
content, a sample of the messages (5%) posted in
the script | condition was analyzed. An agreement of
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Table 2. Overview of critical thinking indicators and mapping of to Garrison’s (1992) stages of critical thinking

Critical thinking indicators per category

Positive
indicator for

Negative
indicator for

R+ Relevant statements Stage 1 and 4
Relevance
R-  TIrrelevant statements Stage 1 and 4
I+ Important points/issues Stage 2 and 5
Importance . . S
1- Unimportant, trivial points/issues Stage 2 and 5
NP+ New problem-related information Stage 2
NP- Repeating what has been said Stage 2
NI+ New ideas for discussion Stage 3
NI-  False or trivial leads Stage 3
Novelty NS+ New solutions to problems Stage 3
NS-  Accepting first offered solution Stage 3
NQ+ Welcoming new ideas Stage 3
NQ- Squashing, putting down new ideas Stage 3
OE+ Drawing on personal experience Stage 2
OC+ Refer to course material Stage 2
OM+ Use relevant outside material Stage 2
Bringing outside OK+ Evidence of using previous knowledge Stage S
knowledge OP+ Course related problems brought in Stage 5
OQ+ Welcoming outside knowledge Stage 2 and 5
OQ- Squashing attempts to bring in outside knowledge Stage 2 and 5
O-  Sticking to prejudice or assumptions Stage 2 and 5
JP+ Providing proof or examples Stage 3
JS+  Justifying solutions or judgements Stage 4
JS+  Setting out advantages or disadvantages of situation or solution Stage 4
Justification JP-  Irrelevant or obscuring questions or examples Stage 3
JS- Offering judgements or solutions without explanations or justification Stage 4
JS- Offering several solutions without suggestion which is the most Stage 4
appropriate
Critical C+  Critical assessment/evaluation of own or others’ contributions Stage 4
assessment C-  Unecritical acceptance or unreasoned rejection Stage 4
LI+ Linking facts, ideas, and notions Stage 3
LI- Repeating information without making inferences or offering an Stage 3
e interpretation
Linking ideas LO+ Generating new data from information collected Stage 3
LO- Stating that one shares the ideas or opinions stated, without taking these Stage 3
further or adding personal comments
AC+ Clear, unambiguous statements Stage 2
Resolving AC- Confused statements Stage 2
ambiguity A+ Discuss ambiguities to clear them up Stage 2
A-  Continue to ignore ambiguities Stage 2
P+  Relate possible solutions to familiar situations Stage 5
Practical utility P+ D%scuss Practical utility of new ideas Stage S
P- Discuss in a vacuum Stage 5
P- Suggest practical implications Stage 5
Focus of the F+  Focused, in-depth contribution Stage 1 and 3
discussion F-  Open, general contribution Stage 1 and 3

almost 87% was found which indicates that students
generally used the correct labels. The fact that there
was a clear distinction between the different labels,
can explain this high correspondence. Students were
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not likely to mix up between hats. Moreover, the
training students received and the description of the
hats which remained visible during the discussions
strengthened this correct use of the hats.
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An equally large sample of the messages posted in
the script 2 condition was checked for correct use
of the script. The analyses of the discussions revealed
that in almost all cases students followed the script as
they were instructed to play it. Only in 6% of our
sample students did not completed the argument
followed by counter-argument path.

Results and Discussion

As to the results, we will first focus on
differences with regard to the overall depth of
critical thinking. Secondly, the effect of the research
conditions on the separate categories and indicators
of critical thinking is studied. Finally, the findings
are related to Garrison’s stages of critical thinking
(1992). Therefore, the depth of critical thinking at
successive stages is examined.

As to the overall depth of critical thinking, a
critical thinking ratio was calculated on the basis of
the coded critical thinking indicators. This ratio va-
ries from -1, indicating all uncritical thinking
statements to + 1, indicating all critical thinking
statements. The results with regard to the overall
depth of critical thinking in the discussion groups

reveal more statements indicating critical thinking
than the opposite in both research conditions,
implying that there is evidence for critical thinking
in both conditions. Analysis of variance, however,
indicates that students tagging their contributions
by means of the Thinking Hats surpassed the
argumentation-visualization group significantly in the
achieved general depth of critical thinking (mean
depth of critical thinking = 0.41, respectively =
0.30) (F(I, 359)=14.25, p<0.001).

Apart from the overall depth of critical thinking,
the content analysis scheme of Newman et al.
(1995) makes it possible to study different
components of critical thinking through the
different categories and indicators. To enable more
detailed statements with regard to the differential
impact of both research conditions on students’
critical thinking in the discussions, in a second step
the global measure of overall depth of critical
thinking was split up by analyzing the ratios for each
critical thinking category and the incidence of the
separate critical thinking indicators. Table 3 gives
an overview of the critical thinking ratios for each
category per research condition. Figure | shows
the overall pattern, comparing both research
conditions.

Table 3. Overview of the critical thinking ratios by each indicator for each research

condition

Critical thinking indicators

Script 1 condition

Script 2 condition

Relevance

Importance

Novelty

Bringing outside knowledge
Justification

Critical assessment

Linking ideas

Resolving ambiguity
Practical utility

Focus of the discussion

0.50 0.55
0.42 0.49
0.24 0.35
1.00 0.98
0.23 0.35
0.28 -0.06
0.26 0.23
0.86 0.88
0.28 -0.13
0.06 -0.49
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Figure |. Patterns in depth of critical thinking by indicator for each research condition

As can be seen in Figure |, the patterns between
both research conditions with regard to the different
critical thinking categories are generally quite similar.
Analyses of variance, however, indicate significantly higher
critical thinking ratios for the discussion focus (F(I,
359)=29.28, p<0.001), for the critical assessment
reflected in messages (F(1, 357)=10.52, p=0.001), and
for discussing practical utility (F(I, 349)=15.19,
p<0.001) in the condition in which students tag their
messages by means of De Bono’s (1991) Thinking Hats.
Multinomial logistic regressions corroborate these
findings. More specifically, it can be concluded that
students who are required to reflect on and to tag the
type of thinking in their contributions are 3.26 times
more prone to engage in in-depth discussions than their
peers in the argumentation-visualization condition who
are involved in more general online discourse. Further,

students in the script | condition are also 2 times more
likely to include critical assessment of one’s own or others
contributions. Finally, these students tend in to bring 3.85
times more possible solutions to familiar situations and
2.14 times more discussions points regarding practical
utility of new ideas.

In order to study the depth of critical thinking taking
place in each of Garrison’s stages of critical thinking
(1992), in the third step of the analyses each indicator
was related to the stage in which it is most expected.
For example, it can be expected that new problem-
related information is to be introduced in Garrison’s stage
of problem definition (stage 2). The critical thinking
indicators were mapped to Garrison’s five stages by
means of the procedure reported by Newman et al.
(1996) and presented in Table 2. Table 4 gives an overview
of the mean critical thinking ratios for each of the stages.

Table 4. Overview of the critical thinking ratios for each of Garrison’s stages (Garrison,

1992) for each research condition.

Critical thinking stages

Script 1 condition

Script 2 condition

Stage 1: Problem identification
Stage 2: Problem definition
Stage 3: Problem exploration
Stage 4: Problem evaluation

Stage 5: Problem integration

0.28 0.03
0.68 0.69
0.21 0.14
0.28 022
0.34 0.17
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In Figure 2, the calculated critical thinking ratios
per stage are plotted for each research condition.
Figure 2 indicates that the patterns of critical thinking
during the successive stages identified by Garrison
(1992) are quite similar for both research conditions.
Analyses of variance, however, reveal significantly
deeper critical thinking for the students in the script
| condition at the stages of problem identification (F(I,
359)=14.25, p<0.001) and problem integration (F(I,
359)=4.41, p=0.036), indicating that students who
are required to tag the type of thinking in their
messages are doing better at identifying a problem
by going to the core of the matter and at integrating
the solutions emerging from the discussion into
existing knowledge than the students asked to follow
an argumentation path.

processes during the stages of problem identification
and problem integration in particular. Further, it can
be argued that students in the labeling condition are
engaged in more focused, more critical, more and
practically-oriented discussions. The fact that the
results in the labeling condition exceed the results in
the argumentation-visualisation condition is probably
due to the fact that in the labeling condition, students
are asked to step back and to reflect upon the ongoing
discussion and on how to contribute to optimize the
debate. Moreover, the labels visualize the possible
predominance or absence of one or more thinking
types. The six hats together encompass the successive
stages of critical thinking. Since students were invited
to apply a whole range of thinking hats, going through
the successive stages of critical thinking was

0,80

0,70
0,60 N\

0,50 /N

4 AN
0,40 >
/

030 o 7

0,20
0,10 /

0,00 T T

Stage 1 Stage 2

Stage 3

Stage 4

- - - Thinking Hats —#— Argumentation script

Figure 2. Plot of the critical thinking ratios per stage for each research condition

In conclusion, it can be argued that asking students
to identify their thinking types by means of De Bono’s
Thinking Hats (1991) or to follow an argumentation
path appears to be successful to foster profound
critical thinking in asynchronous discussions. These
results corroborate the assumption that scripts can
be regarded as a way to facilitate true collaborative
learning (Dillenbourg, 2002; Kollar, Fischer & Hesse,
2003; Weinberger, 2003). However, the labeling
condition (script |) surpasses the argumentation script
(script 2) with regard to the overall depth of critical
thinking in the discussion, and the critical thinking

stimulated. In the argumentation-visualisation condition
students were engaged in an identical assignment,
however the imposed path of argument,
counterargument, and integration through the
discussion is more restricted and does not cover all
the different stages and components of critical thinking.
Moreover since this kind of script forces each
contribution in a straitjacket we have to be aware of
the danger of too rigid scripting (Dillenbourg, 2002).

Clearly the results for both scripting conditions
are promising, however the results indicate that not
all scripts fit in for every kind of computer supported
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collaboration. The scripts should be adapted
depending on the specific goal and the discussion pro-
cesses you try to stimulate.
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