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12Abstract This article describes the impact of learning in asynchronous discussion groups
13on students’ levels of knowledge construction. A design-based approach enabled the
14comparison of two successive cohorts of students (N=223 and N=286) participating in
15discussion groups for one semester. Multilevel analyses were applied to uncover the
16influence of student, group, and task variables on the one hand, and the specific impact of a
17particular form of scripting – namely the assignment of roles to group members – on the
18other. Results indicate that a large part of the overall variability in students’ level of
19knowledge construction can be attributed to the discussion assignment. More intensive and
20active individual participation in the discussion groups and adopting a positive attitude
21towards the learning environment also positively relates to a higher level of student
22knowledge construction. Task characteristics – differences between the consecutive
23discussion themes – appeared to significantly affect levels of knowledge construction,
24although further analysis revealed that these differences largely disappeared after correcting
25for task complexity. Finally, comparisons between both cohorts revealed that the
26introduction of student roles led to significantly higher levels of knowledge construction.
27An effect size of 0.5 was detected.

28Keywords Asynchronous discussion groups . Computer-supported collaborative learning .

29Higher education . Online learning . Scripting

31Introduction

32Although it has been argued that computer-supported collaborative learning (CSCL)
33environments foster collaborative knowledge construction (Clark et al. 2003), the major
34question now is: Under what circumstances, in what particular learning environments, with

Computer-Supported Collaborative Learning
DOI 10.1007/s11412-007-9016-2

T. Schellens (*) :H. Van Keer : B. De Wever :M. Valcke
Department of Education, Faculty of Psychology and Educational Sciences, Ghent University,
Henri Dunantlaan 2, 9000 Gent, Belgium
e-mail: Tammy.Schellens@UGent.be

Q1

JrnlID 11412_ArtID 9016_Proof# 1 - 20/07/2007



U
N
C
O
R
R
EC
TE
D
PR
O
O
F

40what type of students, and in view of what kind of learning tasks does CSCL have a
41positive impact (Jacobson 2001)? In this article, we focus particularly on variables that can
42be manipulated to influence student interactions in a direct way. More specifically, we script
43student discourse in asynchronous discussion groups. This aim corresponds to the
44suggestion of Dillenbourg (2002), who claims that the application of scripts for
45collaborative learning can be a technique to affect collaborative learning directly.
46Collaboration scripts can specify, sequence, and assign collaborative learning activities in
47online learning environments (Kollar et al. 2003). More specifically, a script can be defined
48as a detailed and more explicit didactic contract between the teacher and the group of
49students regarding their mode of collaboration (Brousseau 1998; Dillenbourg and Jermann
502003). In CSCL environments, collaboration scripts are considered a powerful means to
51improve processes and outcomes of collaborative learning (Kollar et al. 2003). The concept
52of a “script,” however, encompasses a very broad range of methods, techniques, and
53approaches depending on the communication mode (synchronous versus asynchronous)
54that is used and the time span (from 1 h to a complete semester) they fill (Dillenbourg
552002). Collaboration scripts can vary in the degrees of freedom they give learners to
56structure the collaboration (Kollar et al. 2006) and the different size group that are used.
57Also, the objectives of using structuring tools can be quite different. Therefore, although
58research already exists with regard to the use of structuring tools in computer-mediated
59environments, these studies are hardly sufficient to cover the whole range of possibilities. In
60this respect it is difficult to talk about the overall efficacy of CSCL scripts.
61In this article, we analyze the impact of a specific type of collaboration script – namely,
62assigning and rotating roles among group members – on the process of social negotiation in
63asynchronous discussion groups. Roles are seen as important factors in determining the
64quality of knowledge construction in a community (Aviv et al. 2003). They compel students
65to focus on their responsibilities in the discussion group and on the content of their
66contributions. Moreover, as roles increase student awareness of collaboration, affect the
67perceived level of group efficiency, and elicit more task content statements (Strijbos et al.
682004), we might expect students to collaborate better, resulting in higher levels of
69knowledge construction. Although a number of studies have already concentrated on
70introducing roles in online discussion groups, these studies aimed at examining the effect of
71roles on, for example, student participation rates, their interaction patterns, or the group
72efficiency (Hara et al. 2000; Strijbos et al. 2004; Zhu 1996). The value of the present study is
73that roles are introduced with the specific aim of enhancing knowledge construction through
74social negotiation. Studies that concentrated on the impact of knowledge construction (e.g.
75Weinberger 2003; Kollar et al. 2006) did not research the impact of the introduction of roles
76(in this case seen as very general scripts or macro scripts) on the knowledge construction
77through social negotiation in long asynchronous discussions. In this respect, our study meets
78the need for empirical studies regarding the facilitation of groups who learn together online
79for a long period. As was stated by Weinberger (2003), further studies such as this are
80needed to examine the effects of scripts for long-term collaboration.
81In addition, research on collaboration scripts for face-to-face and for computer-mediated
82learning has largely neglected the importance of the individual and his or her character-
83istics. As previous research had indicated, one critical learning characteristic is students’
84domain-specific prior knowledge (Dochy et al. 1999). Research needs to examine what
85specific other collaboration characteristics individuals bring to a collaborative learning
86situation. In our study, multi-level analyses were to study the impact of both individual and
87group characteristics and processes.
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88Theoretical background

89With regard to the study of learning processes in CSCL environments, three general
90intertwined key elements can be distinguished in the literature: the individual learning
91processes of students engaged in CSCL, the task put forward in the online learning
92environment, and the collaborative or group dimension in the CSCL setting.
93Concerning students’ individual learning processes, the basic assumption is that
94‘learning’ can be seen as an information processing activity. This is in line with cognitivist
95principles and presumes that learners actively engage in cognitive processing in order to
96construct mental models. In this way, new information is integrated into existing cognitive
97structures. Because of the importance of individual student experiences and their existing
98cognitive structures, students’ individual features are considered to be of importance in
99CSCL research. In addition to the impact of individual student features, students’
100processing activities are also triggered by the task put forward in the online learning
101environment. In this respect, a second substructure in CSCL research points to the impact of
102the assignment put forward and discussed in the CSCL setting. The assignments in the
103discussion groups are assumed to prompt the cognitive processes of the students. In CSCL,
104the task is put forward in a collaborative environment. Therefore, the third substructure in
105CSCL research refers to the importance of the group. Working in a collaborative
106environment invokes collaborative learning, which requires the learner to organize his or
107her output so that it becomes relevant input for the other learners. The collaborative
108exchange at the input and output level is considered to produce a richer base for further
109cognitive processing at the individual level. The asynchronous nature of the discussion
110environment forces the learner to communicate the output in an explicit way. Student output
111mirrors the cognitive processing activities, allowing learners in a collaborative setting to
112profit from the processing effort of other group members. As the output of other learners is
113organized, students are expected to experience lower levels of cognitive load when using
114this output as input for their own individual cognitive processing. Their subsequent output
115is expected to be of better quality, thus reflecting a higher level of knowledge construction.
116Research indicates that the efficacy of collaborative learning depends on the complex
117interaction between these three components: the individual students, the group they are
118participating in, and the assignment they are collaborating on. In order to understand the
119entire story, studies on CSCL need to consider variables at these different levels (Kollar
120et al. 2006). Therefore, the present study takes into account features of individual students,
121as well as group and task characteristics. Regarding the individual learners, the present
122study focuses on the following student characteristics: attitude towards the CSCL learning
123environment (Muirhead 2000; Lockhorst 2004), gender (Hakkarainen and Palonen 2003),
124and learning styles (Simons 2000). Moreover, as it can be hypothesized that the more
125students express their line of thought, the more the construction of mental models is
126facilitated, student engagement in the discussion (i.e., the amount of individual
127contribution) is also regarded as relevant (Schellens et al. 2005). In relation to group
128characteristics, this study concentrates on the intensity of the group interaction (i.e., the
129total number of contributions in the discussion group) in the CSCL environment
130(Dillenbourg et al. 1995; Schellens et al. 2005). Finally, with regard to task characteristics,
131the complexity of the assignment (Carey and Kacmar 1997) and the amount of imposed
132structure in the discussion (Dillenbourg 2002; Weinberger et al. 2005a) are considered to
133influence the nature of the cognitive activities, resulting in varying levels of knowledge
134construction. The latter feature – the amount of imposed structure on the discussion – is the
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135central element in the present study. More specifically, we focus on the impact of scripting
136by assigning roles to students.
137The focus on scripting stems from the finding that there is no straight line between
138collaboration, as such, and learning (Dillenbourg 2002). According to the theoretical
139framework, learners construct knowledge by active participation in discussing and sharing
140knowledge with their peers when working in small groups on a specific assignment.
141Unfortunately, numerous studies indicate that the desired effects often fail to emerge. For
142instance, research indicates that not all group members are actively engaged in the
143discussions (e.g., Ellis 2001; Hara et al. 2000; Graham et al. 1999; Salomon and Globerson
1441989) or that the content of the group discussions remains superficial (e.g., Coleman 1995;
145Schellens and Valcke 2005; Vonderwell 2003). These deficits can result from features of the
146individual students or of the group they belong to, but can also be due to the unique
147character of the task. Whatever the reason might be, it is a fact that communication in the
148interactive construction of knowledge is not straightforward and uncomplicated (Ewing and
149Miller 2002). Scripting is considered to hold the possibility of enhancing the communi-
150cation processes in CSCL environments and can be regarded as a compromise between the
151freedom of collaborative learning and the constraints usually induced by instructional
152design (Dillenbourg and Jermann 2007). Scripting is situated at the convergence of the
153instructional engineering approach, which dominated learning technologies for two
154decades, and the socio-constructivist stream (Dillenbourg and Jermann 2007).
155Scripts can be considered as instruction strategies to enhance cognitive processing. A
156distinction can be made between content-oriented and communication-oriented scripts. The
157content-oriented scripts are about provoking or stimulating specific cognitive activities and
158can be regarded as ‘direct scripts,’ which means that they have an immediate effect on the
159ongoing cognitive processes. Within these scripts, two levels can be discerned. On the first
160level, help with the construction of declarative and procedural knowledge is noted. On the
161second level, content-oriented scripts induce metacognitive activities. The communication-
162oriented scripts aspire to stimulate the collaboration processes. They aim at fulfilling the
163necessary conditions for effective collaborative learning within a virtual learning
164environment. Within these communication-oriented scripts, two cornerstones can be
165distinguished. On the one hand, these scripts facilitate and stimulate interaction between
166the participants, which is believed to influence the cognitive processes indirectly. On the
167other hand, even within these communication-oriented scripts a content dimension related
168to the specific assignment is needed.
169By giving a script to students, internal cognitive processes inside the student are evoked.
170The expected effect on the internal cognitive processes depends on the kind of (external)
171scripts given. The processes evoked by assigning roles and the way these processes are
172triggered go back to the problem-solving tradition and metacognitive theories.
173Flavell (1985, p. 104) describes metacognition as follows: “It has usually been broadly
174and rather loosely defined as knowledge or cognitive activity that takes as its object, or
175regulates, any aspect of any cognitive enterprise.” It is called metacognition because its core
176meaning is ‘cognition about cognition.’ Metacognitive skills are believed to play an
177important role in many types of cognitive activities, including problem solving and various
178forms of self-instruction and self-control in face-to-face interaction, but also in CSCL
179environments (Baker and Lund 1997; Chalmers and Nason 2003; Hurme and Järvelä 2001;
180Inaba 2006). In the literature on problem solving, the work of Wallas (1921) – who
181designed an early model for the resolution of problems – is important with regard to
182scripting. The model contained four steps: preparation, incubation, illumination, and
183verification. Inspired by this model, Polya (1957) developed a model that can be called an
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184heuristic. An heuristic is a general approach to solve problems based on a number of
185defined principles or rules and which automatically leads to a solution. Bransford and Stein
186(1984) added a new first step to this model and talked about the IDEAL heuristic, which
187includes the following steps: Identify the problem, Define and represent the problem,
188Explore possible strategies, Act on the strategies, and Look back and evaluate the effects of
189your activities. More recently, the work of Garrison (1992) inspired this research with
190regard to scripting online learning. Garrison (1992) identified five stages in the problem
191solving process. According to his theory, ‘problem solvers’ move through the following
192stages: identifying a problem, defining it more clearly, exploring the problem and possible
193solutions, evaluating their applicability, and integrating this understanding with existing
194knowledge.
195The roles in the present study can be seen as a way to stimulate metacognition and
196problem solving behavior. They compel students to focus on their responsibilities in the
197discussion group, on the content and the nature of their contributions, and on how these will
198add to the ongoing discussion in order to find an answer to the authentic problem presented
199in the assignment.

200Research setting

201Blended learning environment

202The research was conducted in a naturalistic, real-world setting. The asynchronous
203discussion groups of approximately 10 students per group were a formal component of a 7-
204credit first year university course Instructional Sciences, which is part of the academic
205bachelor’s curriculum Pedagogical Sciences at Ghent University. This course introduces
206students to a large variety of complex theories and conceptual frameworks related to
207learning and instruction. The discussion groups were organized parallel to the weekly face-
208to-face sessions in order to promote students’ incorporation of the learning content. After a
209trial session of 3 weeks, students participated in four successive discussion themes of
2103 weeks each. Each year, the discussion sessions started in October and ended in January,
211which means that, for both cohorts, the discussion lasted for one semester.

212Discussion themes and tasks

213Students worked together in the discussion groups by applying the theoretical concepts of
214the course to solve problems, which were presented in the online environment. These
215problems were, in line with constructivist principles, based on real-life authentic situations.
216For a more detailed description of the kind of discussion assignments, see the research of
217Schellens et al. (2005).
218Task complexity was determined and controlled for, as it was a key variable in the
219research design for each task in the discussion groups. More specifically, three independent
220coders were asked to rate the complexity of the assignments on the following evaluative
221dimensions: the extent of the assignment, the presence or absence of necessary or additional
222information, the availability of the conceptual base, and the language of the given
223information. The degree of complexity of the tasks showed a strong upward trend. In the
224initial discussion tasks, students only had to deal with a limited number of questions.
225Moreover, the assignments were supported with all the necessary information (clustered on
226the same web page), documented with the conceptual base, and a solution procedure was
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227suggested in the learning environment. The third and fourth task were more comprehensive
228(information on different websites) and complex, the conceptual base was not completely
229available or clear, additional information had to be looked up using different sources, and
230the solution procedure was not made completely available. A lot of information was given
231in English (a foreign language for these students) and supplementary questions had to be
232answered.

233Two cohorts of students in design-based research

234In addition to the real-world setting, the research was conducted in two consecutive steps:
235the design of the course and its redesign. These successive research stages fit in with the
236concept of design-based research. Design-based research is useful to produce theories on
237learning and teaching; the methodology is interventionist, it takes place in naturalistic
238contexts, and it is iterative (Cobb et al. 2003). Design-based research expects that
239researchers systematically adjust various aspects of the environment so that each adjustment
240can serve as a type of experimentation that allows the researchers to test and generate
241theory in naturalistic contexts (Brown 1992). This approach of progressive refinement in
242design involves putting a first version of a design into the world to see how it works. Then
243the design is revised based on experience until the bugs are worked out (Collins et al.
2442004). With regard to the present study, the choice of this type of research made it possible
245to test and refine the educational design of the asynchronous discussion groups during two
246consecutive academic years. More specifically, the initial design of the asynchronous
247discussion groups was readjusted for a second cohort of students based on the results of the
248first research year (Schellens et al. 2005). In comparison with the first cohort, the objectives
249of the online discussions (i.e., acquiring insight in and applying the theoretical concepts
250discussed in the face-to-face lectures); the content, authentic nature, complexity, and
251duration of the discussion assignments; the group composition; the learning materials; and
252the provided support were better maintained. The main feature of the redesign was the
253scripting of the asynchronous discussions by assigning roles to students in order to refine
254the practice of online discussions on the one hand, and to address theoretical questions and
255issues with regard to the application of scripts on the other. In this respect, the present study
256meets the twofold goal of design-based research; namely, improving practice and producing
257theory (Collins et al. 2004).

258Scripting by role assignment

259The two cohorts of students correspond to two research conditions. In the first cohort or
260condition (year 1), the interaction between the students was not scripted. In the second
261cohort or condition (year 2), the group interaction was scripted by assigning roles. Except
262for the scripting approach, the learning environment was primarily the same for both
263successive cohorts. The course was taught by the same instructor and the same course
264reader and learning material was used. In both cohorts, the same tutor followed the ongoing
265discussions but did not give concrete content feedback. The nature of the discussion
266assignments was also the same for all discussion groups in the research, regardless of the
267cohort; the same learning goal, context, inquiry expectations, time requirements, and
268deliverables were put forward.
269As to the role assignment, four different roles were distinguished: “moderator,”
270“theoretician,” “summariser,” and “source searcher.” The “moderator” was asked to
271monitor the discussions closely, to interject praise, offer advice, answer questions, and pose
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272critical questions. This student stimulated active group participation. The “theoretician” had
273to ensure that all appropriate theories were considered when tackling the task and had to
274indicate which aspects, relevant theoretical knowledge, or information was lacking. The
275“summarizer” summarized the contributions and initial solutions of the students. This
276student had to indicate the different points of view and had to make provisional
277conclusions. Moreover, summarizers should post a final summary and conclusion at the
278end of the discussion. The ‘source searcher’ looked for additional sources and further
279information in order to stimulate students to go beyond the scope of the course reader. The
280selection of the four roles is based on examples in the literature, where facilitators, resource
281persons, summarizers, starters, wrappers, discussion moderators, topic leaders, and topic
282reviewers are distinguished (Cohen 1994; Hara et al. 2000; Shotsberger 1997; Tagg 1994).
283Further, the particular selection and interpretation of the roles builds on the specific aim of
284the asynchronous discussion groups, that is to foster dynamic and structured debate with
285respect to the authentic assignments or problems on the basis of the course manual and
286relevant external sources in order to get a grip on the different theoretical concepts
287introduced in the course. Therefore, the roles were particularly chosen in order to support
288both communicative as well as cognitive processes. As was argued by Kollar et al. (2006),
289collaboration scripts for computer-mediated learning typically focus on facilitating
290communicative and coordinative processes. By focusing on communication and coordina-
291tion, the primary targets of the script instructions are the interactions between the group
292members rather than their cognitive processes. Collaboration scripts however can be
293developed to facilitate both communication and coordination as well as individual
294knowledge construction. In that way collaboration scripts may be able to support both
295individual and group processes simultaneously (Kollar et al. 2006).
296The roles were randomly assigned to 4 students in each group. At the start of every new
297discussion, the roles were assigned to 4 other students within the same group. This is in line
298with the collaboration script proposed and tested by O’Donnell and Dansereau (1992). A
299typology functionality was included in the discussion environment. The typology and the
300different types, in this case the different roles, were defined and added to the forum. If
301students with a role wanted to post a message to the forum, they first had to pick a type of
302the typology concerned, in this case this means choosing between summarizer, source
303searcher, moderator, and theoretician from a drop-down menu. When their message was
304contributed to the forum, the role this student performed appeared next to their message
305(Fig. 1).
306Taking into account the specification framework for computer-supported collaboration
307scripts (Kobbe et al. 2007), it can be concluded that in the script cohort, role assignment is
308applied as a task distribution mechanism, while traversion and rotation are used as
309sequencing mechanisms. Students traverse four successive discussion themes, while roles
310are rotated among group members with every new theme. As to the group formation
311mechanism, asynchronous discussion groups of approximately 10 students were chosen.

312Participants

313Two cohorts of students (N=223 and N=286) participated in the discussion groups during
314two consecutive academic years. The learning environment was primarily the same for both
315successive cohorts except for the scripting. The course was taught by the same instructor
316and the same course reader and learning material was used. In both cohorts, the same tutor
317followed the ongoing discussions but did not give concrete content feedback. Both cohorts
318consisted of freshman students enrolled for the course Instructional Sciences. For the first
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Fig. 1 Screenshot of the forum
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319cohort, the largest portion of the students (88%) just finished secondary education; 12%
320already possessed a diploma from higher education. With regard to the second cohort, 83%
321of the students just finished secondary education, while 17% already had preliminary
322training. Only the students who just finished secondary education participated in our
323research. Students did not differ in their prior educational level, nor did they differ in regard
324to their attitudes and experiences towards working with computers. In both cohorts, male
325students were the minority (approximately 10%). Therefore, the research samples were not
326considered to differ in any way.

327Research questions and hypotheses

328In the context of the present study, we agree with the statement of Dennen and Paulus
329(2006) that assessing process-based outcomes can be just as important as assessing product-
330based ones. In the case of online discussions, it becomes necessary to find out what is
331actually occurring when students talk together. In this respect, the focus of the assessment
332can not only be on the quantity or the quality of the messages, but also on the evidence of
333learning through a process of constructing new knowledge (Dennen and Paulus 2006).
334Therefore, both student exam scores and the achieved level of knowledge construction in
335the discussions were studied.
336The following research questions were formulated:

337– What is the impact on student levels of knowledge construction and final exam scores
338of scripting the interaction in asynchronous discussion groups by assigning roles?
339– What is the differential impact on student levels of knowledge construction and final
340exam scores of being assigned a specific role?

341Based on our theoretical framework, it can be hypothesized that students who are part of the
342script cohort will reach higher levels of knowledge construction and achieve a higher score for
343their final test. In addition, a differential impact of the different roles can be expected.

344Content analysis

345The fact that CSCL necessarily makes the learning visible provides the methodological
346basis for empirical research. Researchers of collaborative learning are not restricted to
347indirect evidence of learning (such as pre-test and post-test differences) because they can
348analyze and interpret the making of meaning as it unfolds in the data at the group level and
349in individual trajectories of utterances (Stahl 2003). The asynchronous nature of the
350discussion environment forces the learner to communicate the output in an explicit way. All
351the written communication in the CSCL environment is therefore considered relevant. More
352specifically, the students’ output mirrors their cognitive processing.
353In this study, we build on the work of Gunawardena et al. (1997) to analyze the
354transcripts of the written communication and to identify students’ levels of knowledge
355construction as reflected in their contributions to the discussion. A typology is proposed to
356evaluate knowledge construction through social negotiation. More specifically, 5 different
357phases are distinguished in the negotiation process during learning. Every phase
358corresponds to a level of knowledge construction, and in the long run every one should
359reach the highest phases.
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360– Level 1. Sharing/comparing information: In this phase, typical cognitive processes
361reflect observation, corroboration, clarification, and definition.
362– Level 2. Identifying dissonance/inconsistency: In this phase, cognitive processes focus
363on identifying and stating, asking and clarifying, restating and supporting information.
364– Level 3. Negotiating what is to be agreed (and where conflicts exist)/co-construction:
365These type of messages are about proposing new co-constructions that encompass the
366negotiated resolution of the differences.
367– Level 4. Testing tentative constructions: The newly constructed structures are tested,
368and matched to personal understanding and other resources (such as literature).
369– Level 5. Statement/application of newly-constructed knowledge: This is related to final
370revisions and sharing the new ideas that have been constructed by the group.

371Rourke and Anderson (2004) and Rourke et al. (2001) describe the difficulty of inferring
372the presence of an underlying construct, such as knowledge construction, from what is
373observable in computer conferencing transcripts. Therefore, providing a more comprehen-
374sive picture of the context of the discourse is also a key to generating lines of research that
375will result in useful prescriptive knowledge, such as instructional design theory. Using
376additional data collection methods beyond just collecting archives of a class discussion can
377help provide this contextual information. In particular, surveys or interviews can help
378triangulate discussion-based findings. Student surveys can be used to see how attitudes
379affect one’s participation and perception of whether or not learning resulted from a
380particular activity (Dennen and Paulus 2006).
381To meet this demand, a survey was administered at the beginning and at the end of the
382course. This survey helped to gather data about student characteristics, such as age, gender,
383and prior training or experiences in higher education. In addition, a special section was
384added to measure students’ attitude towards the CSCL learning environment. This attitude
385questionnaire was a self-developed instrument and confronts students with the major
386characteristics of the online environment by asking them to rate their appreciation of
387thesdifferent features of the discussion groups on a four-point Likert scale. The internal
388consistency of this instrument was satisfying (Cronbach’s α=0.72). Furthermore, the
389approaches and study skills inventory for students (ASSIST) (Entwistle et al. 2000) was
390used to gather information about students’ learning styles. This inventory more specifically
391distinguishes a deep, strategic, and surface apathetic approach to studying. In the present
392study, a short version of the ASSIST (18 items) was used. This short version correlates
393highly with the full version and can therefore be considered as equivalent. Respondents are
394asked to indicate on a five-point Likert scale to what extent they disagree or agree with the
395statements. Each of the three approaches to studying is measured by six test items.
396Cronbach’s alphas for the short version are 0.76 for the deep approach, 0.78 for the strategic
397approach, and 0.72 for the surface approach. The internal consistency was also tested in the
398context of the present study. Cronbach’s alpha coefficients were 0.76 for the deep approach,
3990.78 for the strategic approach, and 0.70 for the surface approach.

400Unit of analysis and coding of the messages

401The identification of a unit of analysis in content analysis has to be reliable, and must
402exhaustively and exclusively encompass the sought-after construct (Rourke et al. 2001). In
403the present study, the complete message was chosen as the unit of analysis. This choice
404presents some advantages: first of all, it is objectively identifiable, which means that
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405multiple coders can agree consistently on the total number of units; secondly, it produces a
406manageable, controllable set of cases. (In the case of the present study, we recorded a total
407of 1,428 units of analysis for the non-script cohort and 1,933 units of analysis for the script
408cohort.) The third advantage is the fact that we are dealing with a unit that has parameters
409determined by the author of the message.
410Each unit of analysis was coded according to the scheme of Gunawardena et al. (1997)
411by three independent research assistants. We tried to establish inter-rater reliability using the
412following method: The researchers received training in the use of the package and had
413plenty of time to exercise with the tool. Training was provided to all coders and included:
414(a) full explanations of the conceptual framework and coding process; (b) copies of coding
415rules and guidelines; (c) examples and non-examples; (d) practice with sample data. Group
416discussion helped researchers get acquainted with the particularities of the coding scheme
417and to reach mutual agreement about the coding category to be selected. Quality control of
418the coding implied the calculation of the inter-rater reliability. A common method to
419determine inter-rater reliability is to calculate the percent agreement statistic (Holsti 1969).
420Quite high percent agreement measures were found. In order to steer clear of mistakes, we
421included an extra stage in the coding process in which we asked the coders to code the first
4225 discussions individually, and afterwards discuss the results with the other two coders. In
423that way, the quality of the coding could even be improved. We did this for both cohorts.
424The remaining discussions were done separately and inter-rater reliability was calculated for
425the second time after they finished all codings. Initial values for the non-script cohort were
4260.81, and after negotiation between the coders a percent agreement of 0.87 was found. For
427the second cohort, the initial value was 0.85 and the after-negotiation percent agreement
428was 0.91. To determine whether or not it was always the same research assistant who
429changed her code, percent agreement was also calculated for each individual research
430assistant. This represents the agreement between a coder’s first and second code attribution
431to a unit of analysis. Intra-rater reliability was larger than 0.70.

432Data analysis

433In the present study, we considered the methodological problems that have often shown up
434in this kind of research: a heavy reliance on on-time observation of groups and the tension
435between individual-level versus group-level analyses (Flanagin et al. 2004).
436So far, over-time group research has been scarce (Scott 1999) although its importance has
437been repeatedly stressed (e.g., Cragan and Wright 1990; Frey 1994; Poole et al. 1999).
438Application of over-time analysis, as well as development of process theories, provide the
439potential to expand inference beyond simple correlation techniques and to examine the effects
440of time lags on causal influences among variables (Monge 1990). Interaction in the discussion
441groups can change and evolve over time. Therefore, conducting observations over a relatively
442long period is necessary if we want to pinpoint the reasons for the change and capture the
443development in group processes (Flanagin et al. 2004). In this respect, in the present study,
444students’ traversion through four discussion themes was studied.
445As to the tension between individual-level versus group-level analyses, the critical
446position of appropriate statistical analysis techniques has only recently been raised in CSCL
447research. Despite the existing strengths of individual- and group-level analyses, group-level
448analysis ignores how individual characteristics interact to affect group-level constructs,
449whereas individual-level analysis violates the statistical assumptions of independence of
450residual error terms when individuals are nested in groups (Poole et al. 1999). Moreover,
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451focusing on only one level at a time is problematic as potential cross-level interactions
452influencing the outcome variable (Hox and Kreft 1994) are ignored.
453In the present study, the students are divided in a number of groups and the individual
454observations can not be seen as completely independent because of what individuals share in
455the group setting (Hox 1994; Stevens 1996). In this respect, Hox and Maas (2002, p. 2) claim
456that “even if the analysis includes only variables at the lowest level, standard multivariate
457models are not appropriate. The hierarchical structure of the data creates problems, because
458the standard assumption of independent and identically distributed observations is generally
459not valid”. Due to the violation of the assumption of independence, conventional modelling
460can result in underestimation of standard errors and thus in incorrect conclusions about
461statistical significance (De Wever et al. 2007). Taking into account the hierarchical data
462structure of the present study in which individuals are nested in groups, and because of the
463joint modelling of variables at different levels, we took a multilevel modelling perspective
464on analyzing the data. This modelling approach enables us to discern variations at both the
465group and the individual levels, as well as the relationship between them. More specifically,
466the software MlwiN (Rasbash et al. 1999) for multilevel analysis was used to analyze the
467data. More specifically, the iterative generalized least squares estimation procedure was
468applied.
469As multilevel models are very useful for over-time analysis, a three-level model was
470built to study students’ levels of knowledge construction in the successive discussion
471themes, treating the repeated observations of individuals as the first level since the multiple
472observations of an individual are nested within the person. Level 2 focuses on individual-
473level variables (e.g., gender, learning style) and level 3 focuses on group-level variables
474(e.g., group size, interaction activity). With regard to the study of students’ final exam
475scores, a two-level model was built with students (level 1) nested within groups (level 2).
476The impact of all variables regarding the characteristics of individual students, and group
477and task features described in the theoretical base, was tested in the analysis. However,
478because in multilevel models parsimonious models are preferred, only significant predictors
479ameliorating the model were retained.

480Results

481Descriptive results

482Tables 1 and 2 provide an overall picture of the performance of both the script and non-
483script cohort with regard to students’ attained level of knowledge construction and final
484examination scores. More specifically, Table 1 presents the distribution of students’
485messages reflecting the different levels of knowledge construction based on Gunawardena
486et al. (1997). In both cohorts, high proportions of contributions are primarily perceived in
487level 1 (sharing and comparing information) and level 3 (negotiating what is to be agreed/
488co-construction). With respect to the presence of these levels of knowledge construction in
489students’ communication, both cohorts are found similar. Differences between the script
490and non-script cohort are mainly found in the presence of level 4 (testing tentative
491constructions), and especially in the occurrence of level 2 (identifying dissonance/
492inconsistency) and level 5 (statement/application of newly-constructed knowledge). In the
493non-script cohort, level 5 communication was almost non-existent. In the script cohort,
494students more often reached this highest level of knowledge construction, which was at the
495expense of contributions in level 2.
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512For both the script and non-script cohort, Table 2 reports students’ mean level of
513knowledge construction and final exam scores. As can be seen in Table 2, the script cohort
514outperforms the non-script cohort in final examination score, as well as in the attained
515levels of knowledge construction during the four different discussion themes. To test
516whether these differences are statistically significant, multilevel analyses were performed.

517Impact on students’ knowledge construction

518To test the hypotheses with regard to the impact on student knowledge construction,
519students’ “mean level of knowledge construction” per discussion theme was used as a
520dependent variable. A two-step procedure was followed. The first step in the analysis
521consisted of the estimation of a three-level unconditional model, which partitioned the
522variance of the dependent variable into between-groups, between-students, and between-
523discussion themes components. The second step involved entering explanatory variables at
524group and student level, based on the theoretical framework. Continuous independent
525variables were grand mean centered to facilitate the interpretation of the intercept.
526Initially, all predictors were included in the model as fixed effects. Afterwards, the
527assumption of a fixed linear trend was verified by allowing the coefficients to vary at
528random.
529Table 3 presents the model estimates for the three-level analyses of students’ level of
530knowledge construction. The results for the fully unconditional three-level null model

t1.1Table 1 Proportions of messages coded for each level of knowledge construction (Gunawardena et al. 1997)
for both cohorts per discussion theme

Theme 1 (%) Theme 2 (%) Theme 3 (%) Theme 4 (%) All themes (%) t1.2

Non-script cohort t1.3
Level 1 42.7 47.7 60.8 56.8 51.7 t1.4
Level 2 17.3 13.3 13 11.4 13.7 t1.5
Level 3 39 36.7 24.6 30.6 33.1 t1.6
Level 4 0.6 2.0 1.4 0.6 1.2 t1.7
Level 5 0.3 0.3 0.3 0.6 0.4 t1.8

Script cohort t1.9
Level 1 40.8 59 58.8 56.9 52.9 t1.10
Level 2 10.1 6.6 4.5 3.2 6.1 t1.11
Level 3 35.3 27.0 29.5 29.8 29.8 t1.12
Level 4 6.6 2.3 0.6 2.1 2.8 t1.13
Level 5 7.1 5.1 6.7 8.0 6.5 t1.14

t2.1Table 2 Mean level of knowledge construction and final exam score for both cohorts

Non-script cohort Script cohort t2.2

Level of knowledge construction—theme 1 M=1.83 (SD=0.47) M=2.21 (SD=0.74) t2.3
Level of knowledge construction—theme 2 M=1.83 (SD=0.54) M=1.87 (SD=0.74) t2.4
Level of knowledge construction—theme 3 M=1.58 (SD=0.48) M=1.83 (SD=0.73) t2.5
Level of knowledge construction—theme 4 M=1.68 (SD=0.43) M=1.90 (SD=0.72) t2.6
Level of knowledge construction—all themes M=1.73 (SD=0.48) M=1.95 (SD=0.73) t2.7
Final exam score M=9.50 (SD=3.03) M=10.50 (SD=2.25) t2.8
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557(model 0) shows an intercept of 1.842, which represents the overall mean of the level of
558knowledge construction according to the 5-level coding scheme of Gunawardena and colleagues
559(1997). As can be inferred from model 0, the overall variability in the mean level of knowledge
560construction per discussion theme can be attributed for the most part (88.66%) to discussion
561theme-level factors (differences between the assignments); 7.87% to group-level factors
562(differences between the groups); and 3.47% to differences between students within the groups.
563These results imply that the differences in level of knowledge construction between students are
564smaller than the differences between the groups and between the consecutive assignments. The
565variances at the theme- and group-level are significantly different from zero. No significant
566variance was found on the student-level.
567To understand the changes in level of knowledge construction from discussion
568assignment 1 to assignment 4, the variable ‘measurement occasion’ was added to the
569fixed part of the model. Three dummies were created with theme 2, 3, and 4 contrasted
570against the first discussion assignment. For all discussion assignments, a significant
571decrease in students’ mean level of knowledge construction is observed as compared to the
572first assignment. By including the explanatory variable ‘task complexity’ in the model,
573however, the significant differences between the themes are no longer observed. Taking into
574account that the degree of complexity of the discussion assignments showed an upward
575trend, it can be concluded that the increasing complexity of the themes is at the base of the
576significant decrease in levels of knowledge construction. This corroborates the fact that
577characteristics of the assignment are of key importance to fostering knowledge
578construction.
579With regard to student characteristics, model 1 indicates that the ‘number of
580contributions’ students post to the discussion (χ2=32.338, df=1, p=0.000) and students’
581‘attitude towards the learning environment’ (χ2=5.300, df=1, p=0.021) have a significant

t3.1Table 3 Summary of the model estimates for the three-level analyses of students’ mean level of knowledge
construction

Parameter Model t3.2

Model 0 Model 1 Model 2 t3.3

Fixed t3.4
Intercept 1.842 (0.053)*** 1.089 (0.257)*** 1.290 (0.225)*** t3.5
Theme 2 −0.243 (0.071)** −0.261 (0.060)*** t3.6
Theme 3 −0.329 (0.071)*** −0.336 (0.061)*** t3.7
Theme 4 −0.261 (0.071)*** −0.265 (0.061)*** t3.8
Number of contributions 0.056 (0.010)*** 0.049 (0.009)*** t3.9
Attitude towards learning environment 0.015 (0.007)* 0.011 (0.006) t3.10
Script cohort 0.268 (0.084)** t3.11

Moderator −0.032 (0.140) t3.12
Theoretician 0.029 (0.136) t3.13
Source searcher −0.484 (0.147)** t3.14
Summarizer 1.507 (0.130)*** t3.15
No role assignment in script cohort 0.195 (0.092)* t3.16

Random t3.17
s2
v0 0.034 (0.016)* 0.016 (0.010) 0.021 (0.010)* t3.18

s2
m0 0.015 (0.015) 0.002 (0.013) 0.002 (0.009) t3.19

s2
"0 0.383 (0.025)*** 0.342 (0.024)*** 0.249 (0.017)*** t3.20

t3.21Per cell: regression coefficient and standard error

*p<0.05; **p<0.01; ***p<0.001
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582positive effect on students’ mean level of knowledge construction per discussion theme. No
583significant effects were found for students with a strategic (χ2=0.031, df=1, p=0.860) or a
584deep learning style (χ2=1.669, df=1, p=0.196) as compared to students with a surface
585approach.
586The key research variable in the present study is the implementation of roles. In this
587respect, the variable ‘cohort’ was added to the fixed part of the model, represented by one
588dummy ‘script cohort’ contrasted against the reference category ‘non-script cohort’ (model
5891). Students who were part of the script cohort acquired a significantly higher level of
590knowledge construction compared to the students in the non-script cohort (χ2=9.501, df=1,
591p=0.002).
592Taking into account that different roles (“moderator,” “theoretician,” “source searcher,”
593and “summarizer”) were assigned, in a following analysis step ‘role type’ was included in
594the model. In this model (model 2), students from the non-script cohort were compared with
595the different roles assigned in the script cohort. Five dummies were created – one for each
596of the four roles and one with no roles – with roles contrasted against the reference group
597(students in the non-script cohort).
598No significant effects were found for the role of theoretician (χ2=0.044, df=1, p=0.833)
599and moderator (χ2=0.053, df=1, p=0.818). These students did not differ significantly in
600their levels of knowledge construction as compared to students in the non-script cohort. A
601significantly negative effect was found for students being assigned the role of source
602searcher (χ2=10.874, df=1, p=0.001). Those students obtained a significantly lower level
603of knowledge construction. As compared to students in the non-script cohort, only students
604who performed the role of summarizer reached a significantly higher mean level of
605knowledge construction (χ2=133.403, df=1, p=0.000) with a large effect size of 1.6
606standard deviation.
607The analysis also revealed that there was a significant effect of being part of a scripted
608discussion group without having to perform a role (χ2=4.501, df=1, p=0.034).
609In short, it can be concluded that both student and task characteristics influence students’
610level of knowledge construction. At the student level, the amount of messages and a
611positive attitude towards the learning environment are important. At the task level, the
612complexity of the task should be taken into account. An overall significant impact, with an
613effect size of 0.5 standard deviation, was found for the script cohort, which implies that
614assigning roles has a positive effect on individual students’ levels of knowledge
615construction.

616Impact on students’ final exam scores

617To test the hypotheses regarding the impact on students’ final exam scores, a similar two-
618step procedure was followed. Table 4 presents the model estimates for the two-level
619analyses of students’ final exam scores.
620The first step consisted of the estimation of a two-level null-model. The intercept of
62110.04 in this model represents the overall mean of the final exam scores of all students in
622the discussion groups. Only 6.76% of the overall variability in the final exam scores can be
623attributed to group-level factors or between-group differences; 93.24% of the variance is
624due to differences between individual students within the discussion groups.
625The second step was to include explanatory variables in the analysis. Only significant
626predictors ameliorating the model were retained. The “number of contributions,”
627“appreciation of the learning environment,” and student “learning styles” were successively
628added to the model as student-level explanatory variables.
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646The variable number of contributions per theme appears to be a positive and significant
647predictor (χ2=27.783, df=1, p=0.000) of final scores. The same goes for students’ attitude
648towards the learning environment (χ2=5.706, df=1, p=0.017) and learning style. Students
649with a strategic (χ2=6.203, df=1, p=0.013) or a deep learning style (χ2=9.632, df=1,
650p=0.002) attain significantly higher final exam scores.
651After including the student-level explanatory variables, the group-level variable cohort
652was included in the model. A significant positive effect was found for students in the script
653cohort (χ2=11.362, df=1, p=0.001). Students who were part of this cohort achieved
654significantly higher scores for their final exam.
655In summary, it can be concluded that with regard to the results for students’ final exam
656scores, comparable results as for the levels of knowledge construction were found. The
657number of individual messages per theme is an important predictor and also the influence of
658students’ appreciation of the learning environment is substantial. Students with a positive
659attitude towards the learning environment attain higher scores. Further, students’ learning
660style is a strong predictor as well: students with a strategic or deep learning style obtain
661higher scores as compared to students with a surface approach. Finally, it is also clear that
662students who were part of the script cohort attain higher scores on their final exam.

663Discussion

664From the perspective of this research, the question of how to organize the computer-
665supported learning environment in a way that it promotes knowledge construction and
666effective learning remains important. Computer-supported collaboration scripts can
667facilitate specific processes and outcomes of argumentative knowledge construction of
668students in higher education (Weinberger et al. 2005b). Scripting, and more particularly, the
669use of roles, was introduced in our research as a way to meet this demand. It is also
670assumed that learners and their surroundings make up a learning system in which learning
671is or can be guided by different system components, namely the individual learner, the other
672group members, the computer environment, the task, and the imposed script (Kollar et al.

t4.1Table 4 Summary of the model estimates for the three-level analyses of students’ final exam scores

Parameter Model t4.2

Model 0 Model 1 t4.3

Fixed t4.4
Intercept 10.043 (0.206)*** 4.673 (1.208)*** t4.5
Number of contributions 0.231 (0.044)*** t4.6
Attitude towards learning environment 0.074 (0.031)* t4.7
Strategic learning style 0.960 (0.385)* t4.8
Deep learning style 1.296 (0.418)** t4.9
Script cohort 1.404 (0.417)** t4.10
Random t4.11
s2
m0 0.472 (0.233)* 0.434 (0.228) t4.12

s2
"0 6.507 (0.382)*** 5.640 (0.380)*** t4.13

t4.14Per cell: regression coefficient and standard error

*p<0.05; **p<0.01; ***p<0.001
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6732006). The different components were taken into account in the present study. However, the
674main focus was on the impact of role assignment on the ongoing learning process.
675The results for both cohorts indicate that a large part of the variability in levels of
676knowledge construction can be attributed to the different discussion assignments. As to the
677impact of task characteristics, task complexity seemed to play an important role. When
678tasks are too straightforward, students are not motivated or triggered to solve the problem.
679On the other hand, when task are too complex, they stop discussing or discuss only a
680subpart of the assignment. Harper et al. (2000) mention in this respect that while
681complexity may be necessary to provide authentic learning environments, too much
682complexity can make learners feel insecure and lose track of learning objectives. Therefore,
683the learning challenge should be balanced to keep up with the learner’s abilities (Quin
6841997). The significant decrease in students’ level of knowledge construction from the first
685to the following discussion assignments more specifically indicates that the increasing
686complexity of the successive tasks was difficult for the freshman students to cope with.
687After taking task complexity into account, no significant differences in students’ attained
688level of knowledge construction could be found between the consecutive discussion
689themes. This finding indicates that, when working with separate assignments where each
690discussion theme is related to new knowledge elements, students have to start from scratch
691in each new discussion.
692As to the impact of student characteristics, the results indicate that more intensive and
693active participation in the discussion groups is positively related to students’ achieved level
694of knowledge construction and the score on their final exam. These results corroborate the
695findings of previous research (Schellens et al. 2005), which stated that engagement should
696be fostered in students’ learning activities since engaged students participate more often,
697which leads to the desired outcomes. Assumptions that the implementation of scripts, and
698more particularly the assignment of roles in discussion groups, may stimulate this intensive
699and active participation, could be fortified.
700The key question in the present study focused on the impact of roles on students’ levels
701of knowledge construction reflected in the discussions and on their results in the final exam.
702In general, the results largely support our hypotheses: students in the script cohort perform
703better as compared to students in the non-script cohort. It appears that scripts, in this case
704well-defined roles, can be used to help students during the collaborative knowledge
705construction process. In this respect, it appears that this way of scripting leads the other
706students to give more complete arguments (containing more theory, reasons for their
707opinions, etc.) and to react and elaborate more on other students’ postings. This finding is
708in line with the research of Weinberger et al. (2005b), which indicated that computer-
709supported collaboration scripts can improve the argumentative discourse quality of students.
710Scripts can be integrated into a CSCL-environment and are proven to facilitate the
711discussion, which leads to better results. In contrast to the results of Weinberger et al.
712(2005b), the scripts in the present study not only improved the ongoing discussion
713processes, operationalized by the levels of knowledge construction according to the model
714of Gunawardena, but they also led to improved acquisition of domain-specific knowledge,
715operationalized by students’ individual final exam scores. In this respect, the findings fit
716with the study of Mäkitalo et al. (2004), who pointed at the possibility of decreasing the
717uncertainty level by using roles and therefore stimulating more discourse, leading to better
718learning outcomes.
719Contrasting our expectations, practicing a role did not increase one’s level of knowledge
720construction during that specific role assignment. Only students engaged in the role of
721summarizer achieved significantly higher levels of knowledge construction compared to
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722students in the non-script cohort. The positive effect of the summarizer can be attributed to
723the fact that this student is expected to post interim summaries during the discussions,
724which requires the identification of similarities or differences between the contributions, to
725develop a general overview, to consider all opinions, etc. These activities undoubtedly
726foster the attainment of higher levels of knowledge construction. Unexpectedly, a
727significantly negative effect was found for source searchers. These students obtained a
728significantly lower mean level of knowledge construction as compared to students who
729worked in groups without the role script. This effect is probably due the fact that we noticed
730that source searchers usually only mentioned interesting websites, articles, or books, but
731failed to explain the link within the ongoing discussion or to discuss the supplied external
732sources. It is clear that this kind of contribution to the discussion is limited to sharing and
733comparing information, which is only the first level of knowledge construction in
734Gunawardena’s model (Gunawardena et al. 1997), leading to significantly lower levels of
735knowledge construction. Taking into account both the overall significant effect of the script
736cohort on the one hand and the non-significant effect of being engaged in the roles of
737moderator or theoretician on the other hand, the other group members appear to take
738advantage of the efforts of students with a particular role. In this way, the other group
739members benefit and achieve significantly higher levels of knowledge construction. It is
740possible that the design of the script – the description and specification of the different roles –
741was too strict and too guided towards executing the specific role. In this respect, Dillenbourg
742(2002) uses the concept of “overscripting.” It is not unlikely that students who had to perform
743a role were merely giving support and were not able to use the response from other students
744for a deeper elaboration, thereby acquiring higher levels of knowledge construction
745themselves. In other words, these students did a good job of scaffolding, but were unable
746to use the information of the other students, probably because they stuck too close to their
747role. Therefore, future scripts might foster both the communicative as well as the content
748dimensions in order to encourage students with roles to learn as well. This is an important
749finding and points at the importance of clearly defining and explaining the roles to students
750with sufficient attention for all dimensions.
751With regard to future research, the process of social construction of knowledge needs
752further investigation. We define learning as a process, demonstrated through conversation,
753in which learners reflect upon what they currently know and negotiate new meaning and
754knowledge creation with other students through conversation and argumentation (Dennen
755and Paulus 2006). Closely examining these processes is necessary to shed light on the
756impact of role assignment on the functioning of the complete discussion group. This
757hypothesis will be subject to further research. In this respect, attention should also go to the
758impact of roles, which are more focused on one’s own personal cognition than on the
759management of the overall interaction. In addition, wanting students to perform a role and
760at the same time wanting them to benefit from it for that particular assignment might be too
761much to expect at one time for freshman students. Maybe the effects of being assigned a
762role plays out later in new discussion assignments. Further research is needed to address
763this issue.
764We can conclude that roles create the potential for improving knowledge construction. In
765the second cohort, an overall positive effect of role assignment was detected. All students in
766this cohort outperformed the students in the cohort without role assignment. Nevertheless,
767the present study revealed that not all roles equally promote knowledge construction for the
768students that have to perform that specific role when compared to their fellow students. It
769appeared that students for some roles stuck too close to their description role and did not
770participate in the ongoing discussion or failed to link their role performance sufficiently to
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771the discussion. These are also important findings and point at the importance of clearly
772defining and explaining the roles to the students.

774References

775Aviv, R., Erlich, Z., & Ravid, G. (2003). Cohesion and roles: Network analysis of CSCL communities. In V.
776Devedzic, J. M. Spector, D. G. Sampson, & Kinshuk (Eds.), Proceedings of the 3rd IEEE International
777Conference on Advanced Learning Technologies (pp. 145–150). Athens: ICALT.
778Baker, M., & Lund, K. (1997). Promoting reflective interactions in a CSCL environment. Journal of
779Computer Assisted Learning, 13, 175–193.
780Bransford, J., & Stein, B. (1984). The ideal problem solver: A guide for improving thinking, learning and
781creativity. San Francisco: W. H. Freeman.
782Brousseau, G. (1998). Théorie des situations didactiques. Textes rassemblés et préparés par Balacheff,
783Cooper, Sutherland, Warfield, Recherches en Didactique des Mathématiques. Grenoble: La Pensée
784sauvage.
785Brown, A. L. (1992). Design experiments: Theoretical and methodological challenges in creating complex
786interventions in classroom settings. The Journal of the Learning Sciences, 2, 141–178.
787Carey, J. M., & Kacmar, C. J. (1997). The impact of communication mode and task complexity on small
788group performance and member satisfaction. Computers in Human Behavior, 13, 23–49.
789Clark, D., Weinberger, A., Jucks, I., Spitulnik, M., & Wallace, R. (2003). Designing effective science inquiry
790in text-based computer supported collaborative learning environments. International Journal of
791Educational Policy, Research & Practice, 4, 55–82.
792Chalmers, C., & Nason, R. A. (2003). Developing primary students’ group metacognitive processes in a
793computer supported collaborative learning environment. In Proceedings AARE-NZARE 2003 Joint
794Conference, Auckland. Coldstream: AARE.
795Cobb, P., Confrey, J., diSessa, A., Lehrer, R., & Schauble, L. (2003). Design experiments in education
796research. Educational Researcher, 32, 9–13.
797Cohen, E. G. (1994). Designing groupwork. Strategies for the heterogeneous classroom (2nd ed.). New
798York: Teachers College Press.
799Coleman, E. B. (1995). Learning by explaining: Fostering collaborative progressive discourse in science. In
800R. J. Beun, M. Baker, & M. Reiner (Eds.), Dialogue and instruction: Modeling interaction in intelligent
801tutoring systems (pp. 123–135). Berlin: Springer.
802Collins, A., Joseph, D., & Bielaczyc, K. (2004). Design research: Theoretical and methodological issues. The
803Journal of the Learning Sciences, 13, 15–42.
804Cragan, J. F., & Wright, D. W. (1990). Small group communication research of the 1980’s: A synthesis and
805critique. Communication Studies, 41, 212–236.
806Dennen, V. P., & Paulus, T. M. (2006). Q4Researching “collaborative knowledge building” in formal distance
807learning environments. In T. Koschman, T. W. Chan, & D. D. Suthers (Eds.), Computer supported
808collaborative learning 2005: The next 10 Years! Taipei: International Society of the Learning Sciences.
809Retrieved April 1, 2006, from http://css.cscl2005.org/Fullpapers.aspx.
810De Wever, B., Van Keer, H., Schellens, T., & Valcke, M. (2007). Applying multilevel modelling to content
811analysis data: Methodological issues in the study of role assignment in asynchronous discussion groups.
812Learning & Instruction, 17, 436–447.
813Dillenbourg, P. (2002). Over-scripting CSCL: The risks of blending collaborative learning with instructional
814design. In P. A. Kirschner (Ed.), Three worlds of CSCL: Can we support CSCL? (pp. 61–91). Heerlen:
815Open Universiteit Nederland.
816Dillenbourg, P., & Jermann, P. (2003). Elaborating new arguments through a cscl scenario. In G. Andriessen,
817M. Baker, & D. Suthers (Eds.), Arguing to learn: Confronting cognitions in computer-supported
818collaborative learning environments. CSCL series. Amsterdam: Kluwer.
819Dillenbourg, P., & Jermann, P. (2007). Designing Q4integrative scripts. In: F. Fischer, H. Mandl, J. Haake, & I.
820Kollar (Eds.), Scripting computer-supported collaborative learning: Cognitive, computational and
821educational perspectives. New York: Springer (in press)
822Dillenbourg, P., Baker, M., Blaye, A., & O’Malley, C. (1995) The evolution of research on collaborative
823learning. In E. Spada, & P. Reiman (Eds.), Learning in humans and machine: Towards an
824interdisciplinary learning science (pp. 189–211). Oxford: Elsevier.
825Dochy, F., Moerkerke, G., & Segers, M. (1999). The effect of prior knowledge on learning in educational
826practice: Studies using prior knowledge state assessment. Evaluation & Research in Education, 8, 345–
827367.

Computer-Supported Collaborative Learning

JrnlID 11412_ArtID 9016_Proof# 1 - 20/07/2007

http://css.cscl2005.org/Fullpapers.aspx


U
N
C
O
R
R
EC
TE
D
PR
O
O
F

828Ellis, A. (2001). Student-centred collaborative learning via face-to-face and asynchronous online
829communication: What’s the difference? In G. Kennedy, M. Keppel, C. McNaught, & T. Petrovic
830(Eds.), Meeting at the Crossroads. Proceedings of the 18th Annual Conference of the Australian Society
831for Computers in Learning in Tertiary Education (pp. 169–177). Melbourne: Biomedical Multimedia
832Unit, The University of Melbourne.
833Entwistle, N., Tait, H., & McCune, V. (2000). Patterns of response to an approaches to studying inventory
834across contrasting groups and contexts. European Journal of Psychology of Education, 15, 33–48.
835Ewing, J., & Miller, D. (2002). A framework for evaluating computer supported collaborative learning,
836Educational Technology & Society, 5, 112–118.
837Flanagin, A. J., Park, H. S., & Seibold, D. R. (2004). Group performance and collaborative technology: A
838longitudinal and multilevel analysis of information quality, contribution equity, and members’
839satisfaction in computer-mediated groups. Communication Monographs, 71, 352–372.
840Flavell, J. H. (1985). Cognitive development. Englewood Cliffs: Prentice Hall.
841Frey, L. R. (1994). The call of the field: Studying communication in natural groups. In L. R. Frey (Ed.),
842Group communication in context: Studies of natural groups (pp. ix–xiv). Hillsdale: Lawrence Erlbaum
843Associates
844Garrison, D. R. (1992). Critical thinking and self-directed learning in adult education: An analysis of
845responsibility and control issues. Adult Education Quarterly, 42, 136–148.
846Graham, M., Scarborough, H., & Goodwin, C. (1999). Implementing computer mediated communication in
847an undergraduate course—A practical experience. Journal of Asynchronous Learning Networks, 3, 32–
84845. Retrieved March 12, 2007, from http://www.aln.org/publications/jaln/v3n1/v3n1_graham.asp.
849Gunawardena, C. N., Lowe, C. A., & Anderson, T. (1997). Analysis of a global online debate and the
850development of an interaction analysis model for examining social construction of knowledge in
851computer conferencing. Journal of Educational Computing Research, 17, 397–431.
852Hakkarainen, K., & Palonen, T. (2003). Patterns of female and male students’ participation in peer interaction
853in computer-supported learning. Computers and Education, 40(16), 327–342.
854Hara, N., Bonk, C. J., & Angeli, C. (2000). Content analysis of online discussion in an applied educational
855psychology course. Instructional Science, 28, 115–152.
856Harper, B., Squires, D., & McDougall, A. (2000). Constructivist simulations: A new design paradigm.
857Journal of Educational Multimedia and Hypermedia, 9(2), 115–130.
858Holsti, O. R. (1969). Content analysis for the social sciences and humanities. Reading: Addison-Wesley.
859Hox, J. J. (1994). Hierarchical regression models for interviewer and respondent effects. Sociological
860Methods and Research, 22, 300–318.
861Hox, J. J., & Kreft, I. G. (1994). Multilevel analysis methods. Sociological Methods and Research, 22, 283–
862299.
863Hox, J. J., & Maas, C. J. M. (2002). Sample sizes for multilevel Q4modeling. In J. Blasius, J. J. Hox, E. De
864Leeuw, & P. Schmidt (Eds.), Social Science Methodology in the New Millennium. Proceedings of the
865Fifth International Conference on Logic and Methodology. Second expanded edition. Retrieved April 1,
8662006, from http://www.fss.uu.nl/ms/jh/publist/simnorm1.pdf.
867Hurme, T. R., & Järvelä, S. (2001). Metacognitive processes in problem solving with CSCL in mathematics.
868Paper presented at the first European Conference on Computer-Supported Collaborative Learning,
869EURO-CSCL 2001, Maastricht, The Netherlands, March 22–24.
870Inaba, M. (2006). A CSCL environment that promotes metacognition among learners in the community of
871practice. Paper presented at the fifth International Conference of the Cognitive Science, Vancouver,
872Canada, July 26.
873Jacobson, D. M. (2001). Building different bridges: Technology integration, engaged student learning, and new
874approaches to professional development. Paper presented at AERA 2001: What we know and how we know
875it, the 82nd Meeting of the American Educational Research Association, Seattle, WA, April 10–14.
876Kobbe, L., Weinberger, A., Dillenbourg, P., Harrer, A., Hämäläinen, R., & Fischer, F. (2007). Specifying
877computer-supported collaboration scripts. International Journal of Computer-Supported Collaborative
878Learning, 2.
879Kollar, I., Fischer, F., & Hesse, F. W. (2003). Cooperation scripts for computer-supported collaborative
880learning. In B. Wasson, R. Baggetun, U. Hoppe, & S. Ludvigsen (Eds.), Proceedings of the International
881Conference on Computer Support for Collaborative Learning—CSCL 2003, COMMUNITY EVENTS-
882Communication and Interaction (pp. 59–61). Bergen: InterMedia.
883Kollar, I, Fischer, F., & Slotta, J. (2006). Internal and external collaboration scripts in web based science
884learning at schools. In: T. Koschmann, D. Suthers, & T.-W. Chan (Eds.), Computer supported
885collaborative learning 2005: The next 10 years. Mahwah: Lawrence Erlbaum.
886Lockhorst, D. (2004). Design principles for a CSCL environment in teacher training. Dissertation. Utrecht:
887Universiteit Utrecht.

T. Schellens, H. Van Keer et al.

JrnlID 11412_ArtID 9016_Proof# 1 - 20/07/2007

http://www.aln.org/publications/jaln/v3n1/v3n1_graham.asp
http://www.fss.uu.nl/ms/jh/publist/simnorm1.pdf


U
N
C
O
R
R
EC
TE
D
PR
O
O
F

888Mäkitalo, K., Weinberger, A., Häkkinen, P., & Fischer, F. (2004). Uncertainty-reducing cooperation scripts in
889online learning environments. Retrieved July 14, 2004, from http://www.iwm-kmrc.de/workshops/
890sim2004/pdf_files/Makitalo_et al.pdf.
891Monge, P. R. (1990). Theoretical and analytical issues in studying organizational processes. Organization
892Science, 1, 406–430.
893Muirhead, B. (2000) Enhancing social Interaction in computer-mediated distance education. Journal of
894Educational Technology & Society, 3, 4–11.
895O’Donnell, A. N., & Dansereau, D. F. (1992). Scripted cooperation in student dyads: A method for analyzing
896and enhancing academic learning and performance. In R. Hertz-Lazarowitz, & N. Miller (Eds.),
897Interactions in cooperative groups. The theoretical anatomy of group learning (pp. 120–141).
898Cambridge: Cambridge University Press.
899Polya, G. (1957). How to solve it. Princeton: Princeton University Press.
900Poole, M. S., Keyton, J., & Frey, L. R. (1999). Group communication methodology: Issues and
901considerations. In L. R. Frey, D. S. Gouran, & M. S., Poole (Eds.), The handbook of group
902communication theory and research (pp. 92–117). Newbury Park: Sage.
903Quinn, C. N. (1997) Engaging learning. ITForum Paper #18. Retrieved July 12, 2004, from http://itech1.coe.
904uga.edu/itforum/paper18/paper18.html.
905Rasbash, J., Browne, W., Goldstein, H., Yang, M., Plewis, I., Healy, M. et al. (1999). A user’s guide to
906MLwiN. London: Institute of Education.
907Rourke, L., & Anderson, T. (2004). Validity in quantitative content analysis. Educational Technology
908Research & Development, 52, 5–18.
909Rourke, L., Anderson, T., Garrison, D. R., & Archer, W. (2001). Methodological issues in the content
910analysis of computer conference transcripts. International Journal of Artificial Intelligence in Education,
91112, 8–22.
912Salomon, G., & Globerson, T. (1989). When teams do not function the way they ought to. International
913Journal of Educational Research, 13, 89–99.
914Schellens, T., & Valcke, M. (2005). Collaborative learning in asynchronous discussion groups: What about
915the impact on cognitive processing? Computers in Human Behavior, 21, 957–975.
916Schellens, T., Van Keer, H., Valcke, M., & De Wever, B. (2005). Learning in asynchronous discussion
917groups: A multilevel approach to study the influence of student, group, and task characteristics.
918Behaviour & Information Technology, 36, 704–745.
919Scott, C. R. (1999). Communication technology and group communication. In L. Frey, D. Gouran, & M.
920Poole (Eds.), The handbook of group communication theory and research (pp. 432–472). Thousand
921Oaks: Sage.
922Shotsberger, P. G. (1997). Emerging roles for instructors and learners in the web-based instruction classroom.
923In: B. H. Khan (Ed.), Web-based instruction (pp. 101–106). Englewood Cliffs: Educational Technology
924Publications.
925Simons, P. R. J. (2000). Computer-supported collaborative learning in primary, secondary and vocational
926education. New perspectives for learning—briefing paper 31. Retrieved from http://www.pjb.co.uk/npl/
927bp31.htm.
928Stahl, G. (2003). Building collaborative knowing: Elements Q4of a social theory of learning. In: J.-W. Strijbos,
929P.Kirschner, & R. Martens (Eds.), What we know about CSCL in higher education, Amsterdam: Kluwer.
930Retrieved from http://orgwis.gmd.de/~gerry/publications/journals/oun/oun_outline.pdf.
931Stevens, J. (1996). Applied multivariate statistics for the social sciences (3rd ed.). Hillsdale: Lawrence
932Erlbaum.
933Strijbos, J. W., Martens, R. L., Jochems, W., & Broers, N. J. (2004). The effect of functional roles on group
934efficiency: Using multilevel modelling and content analysis to investigate computer-supported
935collaboration in small groups. Small Group Research, 35, 195–229.
936Tagg, A. C. (1994). Leadership from within: Student moderation of computer conferences. The American
937Journal of Distance Education, 8, 40–50.
938Vonderwell, S. (2003). An examination of asynchronous communication experiences and perspectives of
939students in an online course: A case study. Internet and Higher Education, 6, 77–90.
940Wallas, G. (1921). The art of thought. New York: Harcourt, Brace & World.
941Weinberger, A. (2003). Scripts for computer-supported collaborative learning. Effects of social and
942epistemic cooperation scripts on collaborative knowledge construction. Doctoral dissertation, Ludwig-
943Maximilians-Universität.
944Weinberger, A., Reiserer, M., Ertl, B., Fischer, F., & Mandl, H. (2005). Facilitating collaborative knowledge
945construction in computer-mediated learning environments with cooperation scripts. In R. Bromme, F. W.
946Hesse, & H. Spada (Eds.), Barriers and biases in computer-mediated knowledge communication.
947Boston: Kluwer.

Computer-Supported Collaborative Learning

JrnlID 11412_ArtID 9016_Proof# 1 - 20/07/2007

http://www.iwm-kmrc.de/workshops/sim2004/pdf_files/Makitalo_et al.pdf
http://www.iwm-kmrc.de/workshops/sim2004/pdf_files/Makitalo_et al.pdf
http://itech1.coe.uga.edu/itforum/paper18/paper18.html
http://itech1.coe.uga.edu/itforum/paper18/paper18.html
http://www.pjb.co.uk/npl/bp31.htm
http://www.pjb.co.uk/npl/bp31.htm
http://orgwis.gmd.de/~gerry/publications/journals/oun/oun_outline.pdf


U
N
C
O
R
R
EC
TE
D
PR
O
O
F

948Weinberger, A., Stegmann, K., & Fischer, F. (2005). Computer-supported collaborative learning in higher
949education: Scripts for argumentative knowledge construction in distributed groups. In: T. Koschmann, D.
950Suthers, & T.-W. Chan (Eds.), Computer supported collaborative learning 2005: The next 10 years (pp.
951717–726). Mahwah: Lawrence Erlbaum.
952Zhu, E. (1996). Meaning negotiation, knowledge construction, and mentoring in a distance learning course.
953In Proceedings of Selected Research and Development Presentations at the 1996 National Convention of
954the Association for Educational Communications and Technolgy (pp. 821–844). Indeanapolis: ERIC
955documents: ED 397 849.

T. Schellens, H. Van Keer et al.

JrnlID 11412_ArtID 9016_Proof# 1 - 20/07/2007


	Scripting by assigning roles: Does it improve knowledge construction in asynchronous discussion groups?
	Abstract
	Introduction
	Theoretical background
	Research setting
	Blended learning environment
	Discussion themes and tasks
	Two cohorts of students in design-based research
	Scripting by role assignment
	Participants

	Research questions and hypotheses
	Content analysis
	Unit of analysis and coding of the messages
	Data analysis
	Results
	Descriptive results
	Impact on students’ knowledge construction
	Impact on students’ final exam scores

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


