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Abstract

In this paper, we assess collaborative learning facilitated by computer-mediated communication (CMC) systems in academic education. We examine collaborative learning as a process of knowledge construction. We present four studies that all took place as part of an academic course, in which students had to work collaboratively on complex tasks by the use of a CMC system. The four studies involved different tasks, students, tutors and CMC systems. In each study, we analysed how students constructed knowledge together and we related these findings to some main factors in the educational context: the role of the student, peer-student, tutor or moderator, and characteristics of the CMC systems used. The results showed that effective use of educational technology to support collaborative learning in academic education relates to these factors, including the modes of communication in asynchronous and synchronous CMC systems. Besides the need for more transparent and user-friendly CMC systems, asynchronous media can provide student groups with more options to think and reflect on information, to organise and keep track of discussions and to engage in large-group discussions compared to synchronous media. 

Introduction 

In academic education, there has been wide interest in using Internet and web-based communication applications for educational purposes. Such applications not offer only advantages of time and/or place, but also of flexibility of information exchange and options for electronic communication. Information can be easily stored, presented and accessed in multiple formats (e.g. text, graphics). Communication within communities of education (students, tutors, moderators etc.) can be facilitated by the use of computer-mediated communication (CMC) systems (e.g. chat box, e-mail, newsgroups). 

In academic education, students have to deal with abstract, ill-defined and not easily accessible knowledge as well as with open-ended problems. From a constructivist perspective, collaborative learning can be viewed as one of the pedagogical methods that can stimulate students to negotiate such information and to discuss complex problems from different perspectives. This can support learners to elaborate, explain and evaluate information in order to re- and co-construct (new) knowledge or to solve the problems (Scardamalia & Bereiter, 1994; Baker, 1994; Dillenbourgh & Schneider, 1995; Erkens, 1997; Veerman, 2000; Veldhuis-Diermanse & Biemans, submitted). However, little is known about the effective use of educational technology to support collaborative learning in academic education. In the present paper, we assess collaborative learning in different CMC systems. We examine knowledge construction in relation to some main factors that affect collaborative learning in the educational context: the role of the student, peer-student, tutor and characteristics of the task and the CMC system used. 

Contextual factors 

Based on constructivist principles, students have to be stimulated to engage actively in their own learning process. In collaborative learning situations, students actively search for information, engage in critical discussion, ask questions, discuss answers, make proposals and reply to other proposals. In relation to preparation activities, prior knowledge, experience and personal beliefs and values, students contribute to the co-construction of knowledge. Collaboration with other students provokes activity, makes learning more realistic and stimulates motivation. Students can ask questions to each other and discuss problems from different perspectives. They can propose various answers and solutions and evaluate them on different criteria (Petraglia, 1997). Sometimes politeness strategies inhibit students to be critical to each other. To prevent students from being 'too nice' to each other, conversational rules can be introduced. A tutor can appoint students to relevant information, misconceptions, discussion issues, conversational rules etc. In addition, tutors may be involved in the content of a discussion and thus participate in students' processes of collaborative knowledge construction. However, from a constructivist point of view the tutor has to be particularly reflective, guiding students from the sidewalk (Petraglia, 1997). The students have to construct knowledge, the tutor can facilitate this process. Collaborative learning is more likely to occur in certain educational situations. Optimal tasks should be open-ended, thus students can share and learn from each other's differences in perspective, prior knowledge, experiences, beliefs and values (Baker, 1994; Veldhuis-Diermanse, 1998; Veerman, 2000). To arrive at a shared conclusion or solution, information exchanges and discussion is necessary. To aim at a common end product stimulates student to share information, to discuss and learn from each others knowledge, experiences, beliefs and values (Erkens, 1997). In addition to instruction aimed at the task, students can also receive instruction aimed at collaboration and communication processes (e.g. Van Boxtel, 2000). Internet and network-based computer programs offer new opportunities for collaboration, communication and learning. Collaboration can take place at a distance, by the use of asynchronous and synchronous CMC systems. Text-based chat boxes and electronic newsgroups can facilitate communication. Text-based communication can enhance reflection, since messages can be (re) read whenever needed. Moreover, text-based communication is slow, which can be beneficial to keep focus on different issues during discussion and to keep track of lines of arguments (Veerman, 2000). Electronic features such as a text-based dialogue history or graphical tools can be used for reflection and structuring text-based interaction (Veerman & Treasure-Jones, 1999). 

Four studies 

In this section, we describe four studies that each involved different groups of undergraduate students at Utrecht University and Wageningen University. All studies took place as part of a real course, in which students had to work collaboratively on complex tasks by the use of a CMC system. The studies involved different tasks, students, tutors and CMC systems. Before we describe the studies in more detail, we explain our system of analyses that was used to assess the amount and types of knowledge construction in all four studies. 

Data analyses

In all four studies students, peer-students and tutors had to communicate by sending each other text-based messages. All messages were automatically logged as text files on the computer. Messages could contain explicit expressions of task-related knowledge construction, such as new ideas, explanations or evaluations. In addition, messages could contain information about planning the task, technical problems considering the CMC system, conversational rules and references to other facts, issues, summaries or remarks elsewhere in the discussion. Moreover, some messages only referred to non-task related issues such as the weather, jokes etc. In this research, we are specifically interested in messages that contain explicit expressions of knowledge construction. We regard such expressions as signals of collaborative learning-in-process (Scardamalia & Bereiter, 1994). In Table 1, we present our categories for analyses with some examples. 

Table 1: Categorising messages 

	Message
	Example
	Knowledge construction

	Not task-related 
	
	

	· Planning
	“Shall we first discuss the concept of “interaction”?
	---

	· Technical
	“Do you know how to change the diagram window?”
	---

	· Social 
	“Smart thinking!”
	---

	· Nonsense 
	“What about a swim this afternoon?”
	---

	
	
	

	Task-related 
	
	

	· New Idea
	“Interaction means: responding to each other”
	X

	· Explanation
	“I mean that you integrate information of someone else in your own reply”
	X

	· Evaluation
	“I don’t think that’s a suitable description because interaction means also interaction with computers or materials, see Laurillard’s definition!”
	X


We particularly focus on task-related messages that we categorise as New Idea, Explanation and Evaluation. A New Idea can be described as a task-related message, focused on relevant content that is not mentioned before. An Explanation is a message in which information is refined or elaborated that was already stated before, but elsewhere in the discussion. An Evaluation is a message in which an earlier contribution is critically discussed on strength and relevance in the light of the task. An Evaluation is more than a “Yes, what a good idea” and often involves reasoning processes or justifications. After describing the four studies in the next sections, we present the results in terms of all messages found that could be characterised by different types of knowledge construction. 

Study 1: NetMeeting

NetMeeting is a synchronous CMC system that facilitates synchronous communication and the sharing of applications between several users. The communication mode is not structured and there are no restrictions considering turn taking. In 1998 and 1999, the NetMeeting study was integrated as an actual undergraduate course on Educational Technology at the department of Educational Science at Utrecht University (Veerman, Andriessen & Kanselaar, 1999; Veerman, 2000). One of the learning goals was to reach insight and understanding in the 'Conversational Frame work' (Laurillard, 1993), a discussible model that one can use for analysing teacher-student interaction. An electronic discussion task was designed for discussing this framework in the third week of the course, after the students were asked to study the framework at home. In sum, 20 pairs of students engaged in a 45-minute discussion task by use of the NetMeeting system. The students analysed sentences in a protocol of a tutor-student dialogue considering various categories of the Conversational Framework. First, they categorised these sentences individually. Then, the students compared their answers electronically in order to reach a shared answer. Student pairs were randomly assigned to a guided and non-guided condition. In the guided condition, an additional peer-student was instructed to focus on triggering critical discussion by asking justification questions and triggering (counter) argumentation. It was expected that this form of guidance would enhance students to engage in processes of knowledge construction. 

Study 2: Belvédère

The Belvédère environment is a synchronous networked software system developed by Dan Suthers and others at the Learning Research and Development Center at the University of Pittsburgh (LRDC, 1996). In Belvédère, students can use a synchronous chat box and an argumentative diagram construction tool at the same time. Students can add data into the argumentative diagram window by using a predefined set of text boxes ('hypothesis', 'data', 'unspecified') and links ('against', 'for', 'and') (see Figure 1). 
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Figure 1: Screendump of the Belvédère system 

In 1998, the Belvédère study was integrated as part of a regular eight-week undergraduate course 

on Computer-based Learning (CBL) at the department of Educational Science at Utrecht University, which involved 20 undergraduate students (Veerman, Andriessen & kanselaar, 1999; Veerman, 2000). They formed eight small groups of their own choosing (dyads and triples). Prior to the study, the first week assignment for all student groups was to construct learning goals for an educational computer program. Then, all groups defined the learning goals and subsequently had to produce conflicting claims on two pedagogical aspects (1) what pedagogical strategies to use in order to reach the learning goals and (2) how to sequence learning activities. In the third week, the next step was to discuss these claims in organised Belvédère sessions (60 - 90 minutes per session). In sum, the student groups produced 13 chat discussions and 13 diagrams. It was expected that the diagram construction tool would support students to keep track of the discussion and to enhance knowledge construction. 

Study 3: Allaire Forums
Allaire Forums is an asynchronous CMC system, in which messages can be organised by 'threading' and 'branching' them around themes. The system is comparable to common newsgroups on the Internet. Students can read and send messages and reply to each other contributions. Administrators can organise new discussion 'threads' and 'branches' and organise discussions on themes and dates. 

In 1999, the study on Allaire Forums was organised as part of a three-month course on Educational Technology at the Department of Educational Science at Utrecht University (University (Veerman, Andriessen & kanselaar, 1999; Veerman, 2000). Every two weeks, four to six discussions were organised. Some were aimed at theoretical issues, others at practical issues in the field of education and technology. About 30 undergraduate students were appointed to participate in two of these discussions every two-weeks. Students were instructed to make at least two short and readable contributions a week, per discussion (max. 15 lines per message). Two course assistants 'reflectively' moderated more than half of the discussions, the others were self-regulated. In self-regulated discussions, the claim was given but no further support was offered. 'Reflective' moderators were instructed to check information on meaning, strength and relevance and to question connections between claims and arguments. In addition, they were asked to summarise information particularly when focus had been lost, and to nurture students' motivation especially when discussion volumes went down. It was expected that moderation would support students to construct knowledge together. 

Study 4: Web Knowledge Forum 

Web Knowledge Forum (WebKF, 2000) is an asynchronous CMC system developed by the Ontario Institute for Studies in Education. On the starting page of WebKF, tutors and students can select a view to work in. A view can be seen as a thematic discussion list and is comparable to a 'thread' in Allaire Forums. In a view, students can read and write messages ('notes'). Additionally, they can label notes with a 'thinking type'. Using a thinking type can force students to think about the type of note (question, answer, comment, idea, solution, argument, information) and help them to keep the discussion well-organised. Students can read messages and react by means of a build-on note (similar to a 'reply' in Allaire Forums). Furthermore, it is possible to link a number of notes (within a view or from different views) and to select them on theme, author or date. Tutors have the additional option to create views. 
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Figure 2: Screendump of WebKF with notes and build-on notes, labelled with thinking types

The Web Knowledge Forum study took place in the context of an academic course at Wageningen University in the academic year  '98/ '99. This six-week course was called 'Quasi Landevaluation and variability for explorative land use studies' (Veldhuis-Diermanse, Biemans & De Jong, 1999). First, students were informed about the course, the various tasks, the digital learning environment, the concept of collaborative learning and the practical use of WebKF. In the first two weeks, students made some exercises and received some lectures on Landevaluation tools and models. Subsequently, students worked collaboratively to solve two open-ended problem cases. In one of the cases, students viewed the problem from a particular perspective (regional planner, local politician, tourism, citrus farmer). They worked in a multidisciplinary team. Students had to reformulate the problem first, then they had to solve the problem by using the models studied in the first two weeks. The problem solving process was subsequently supported by subtasks, exercises and a planning schedule. First, students had to make subtasks and exercises individually, then they had to respond to each other's contributions. Finally, they had to evaluate different problem solutions and take a shared decision about the best solution. In sum, 14 students were organised in two groups (2*7 student). These groups worked independently on two problem cases, in two different databases. The first group received technical help and a 'view' to keep the discussion organised. The second group received additional support from a tutor, who tried to stimulate the collaborative learning process. Beforehand the tutor was trained to intervene the discussion by formulating positions, asking critical questions, explanations or drawing attention to messages of fellow students. No directions were given about frequencies and times of interventions. 
It was expected that students in the guided discussions constructed more knowledge. 
Results

First, we present an overview of the mean number and type of messages for each study in Table 2. Subsequently, we compare the four studies on the number of messages, task related versus non-task related messages and constructive versus non-constructive messages. Table 2 can be read in the following way. For example, in the WebKF study four discussions were analysed. In each of these discussions, the mean number of messages sent was 98. These messages were that long that they could be divided into 272 separate contributions. The mean number of words per contribution in WebKF was 205. The total number of all messages analysed in the four discussions was 1088. It was only necessary to divide messages into contributions in the WebKF study. In the other three studies, each message equalled one contribution.

Table 2: Number and type of messages and percentages in the four studies 

	
	NetMeeting 
	Belvédère 
	Allaire Forums 
	WebKF

	Total number of analysed discussions 
	20 
	13 
	28 
	4 

	Mean number of messages per discussion
	102
	99
	34
	98

	Mean number of contributions per discussion
	102
	99
	34
	272

	Mean number of words per message
	10
	11
	120
	205

	Total number of analysed messages 


	2040
	1287
	952
	1088

	Mean per discussion (100%):
	
	
	
	

	- Non-task related messages
	40 (39%)
	57 (58%)
	4   (12%)
	41   (15%)

	- Task related messages
	62 (61%)
	42 (42%)
	30 (88%)
	232 (85%)

	
	
	
	
	

	Mean per discussion of the task-related  messages (100%)
	
	
	
	

	- Non-constructive messages
	42 (67%)
	22 (52%)
	8   (27%)
	75   (32%)

	- Constructive messages
	20 (33%)
	20 (48%)
	22 (73%)
	157 (68%)

	
	
	
	
	

	Mean per discussion of constructive activities (100%)
	
	
	
	

	- New Idea 
	8 (40%)
	9 (45%)
	7 (32%)
	67 (43%)

	- Explanations
	3 (15%)
	3 (15%)
	11 (50%)
	67 (43%)

	- Evaluation  
	9 (45%)
	8 (40%)
	4 (18%)
	23 (14%)




Number of messages  

NetMeeting and Belvédère were used to carry out short, synchronous discussion tasks in pairs or triples. In Belvédère, students were instructed to conduct the task in 90 minutes. In NetMeeting, students got about 45 minutes. The mean number of messages was comparable, as well as the mean number of words. In Belvédère, students had to construct an argumentative diagram during discussion, which left them less time to send messages. In NetMeeting, guided discussions contained one and a half times as many messages compared to non-guided discussions.  

In Allaire Forums, students had two weeks to discuss asynchronous claims. The mean number of words per message was 120. It seems that students acted in accordance with the instruction to keep messages brief. In WebKF, students also engaged in asynchronous discussions. Students were instructed to use WebKF for all types of communication and collaboration. Consequently, students discussed all information electronically, put literature on the forum, contributed pieces of text written within the framework of the problem task and combined all of such issues in one message. Therefore, the mean number of words per message was very high and messages had to be split in multiple contributions. In Allaire Forums, a 'reflective' moderator guided half of the discussions. Students started to copy the moderator's behaviour already in the first rounds of discussions. Since all students were randomly distributed across moderated and non-guided discussions over time, they cross-influenced each other. Consequently, differences in the total number and types of messages between the two conditions were minimal. In WebKF, the two student groups received two different types of task assignments. The results showed that discussions held from various perspectives triggered students to write one and a half times as many messages as in the regular condition. 

Types of messages

Figure 3 shows an overview of task related versus non-task related messages sent across the four studies. Remarkable are the high percentages of non-task related messages in the synchronous systems NetMeeting and Belvédère. Percentages of non-task related messages in the asynchronous systems Allaire Forums and WebKF are much lower. Figure 4 presents percentages of constructive versus non-constructive messages, related to the total number of task-related messages per study. Comparable to the former analyses, the synchronous media NetMeeting and Belvédère can again be distinguished from the asynchronous media Allaire Forums and WebKF. In NetMeeting and Belvédère, less than half of the messages were coded as types of knowledge construction. In Allaire Forums and WebKF more than 60% of all task-related messages were coded as knowledge construction types.
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Figure 3 (task-related messages) resp. Figure 4 (constructive messages)

Figure 5 shows the various types of constructive messages across the four studies. Remarkable is the difference between Evaluations and Explanations. In the synchronous studies NetMeeting and Belvédère, almost half of all constructive messages were coded as Evaluation, which is in contrast to the low percentage of Evaluations in the asynchronous studies Allaire Forums and WebKF. Considering the percentage of Explanations, it is just the other way around. 
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Figure 5: Percentages of knowledge construction of all task-related messages per study

Discussion and conclusions

Role of the (peer-) student

The results show that students using the asynchronous CMC systems Allaire Forums and WebKF sent more constructive messages to each other than students using the synchronous CMC systems NetMeeting and Belvédère. Viewed from the perspective of the role of the student and peer-student, we searched for an explanation considering individual (group) differences such as task preparation and differences in group size. In NetMeeting and Belvédère, students had difficulties to carry out the task. Technical troubles bothered them in NetMeeting, in Belvédère students had to co-ordinate a chat discussion and the production of an argumentative diagram at the same time. When students would have been more used to the synchronous CMC tools, they probably would have sent each other more constructive messages without being disturbed by technical or co-ordination problems. Allaire Forums and WebKF showed to be much more user-friendly and transparent. Student groups did not show technical or co-ordination troubles. Concerning group size, in the synchronous NetMeeting system triples had more troubles to keep track of the discussion than dyads. In Belvédère, triples had no more problems as dyads in following lines of arguments. Probably the diagram supported students to keep focused. In the asynchronous CMC systems, groups of seven to twelve students engaged in discussions without losing track. Since different perspectives and multiple ideas can trigger and support discussion, we prefer large and heterogeneous groups above small homogeneous groups. However, we don't think it is fruitful to discuss 'ideal group size' in relation to knowledge construction. Among other factors, this depends on how group communication is organised, how the task is designed and what tools are available. For example, in asynchronous discussions it can be important to keep a clear view of many messages sent but also it can be the case that students have to be provoked to generate enough messages to keep the discussion going. Highly intensive discussions can be organised with small sets of students; in slow discussions large groups can be more effective. 

Role of the tutor

We expected student groups to construct more knowledge in guided discussions compared to non-guided discussions. However, we did not find this effect in any of the four studies. In the NetMeeting study, students sent more messages in the guided discussions than in the non-guided discussions. The number of participants could explain this: dyads in non-guided discussion groups and triples in the guided groups. In this particular case, more students meant a more intensive flow of discussion, thus, more messages sent. Relatively, the number of constructive messages did not increase. In NetMeeting, guidance was aimed at stimulating critical argumentation. As an effect, students engaged in discussions that were more critical. However, they did not construct more knowledge. This result was also found in the Belvédère study. Creating an argumentative diagram in relation to a chat discussion stimulated student groups to engage in critical discussion but no effect was found on the amount of knowledge constructed. However, critical discussion appeared to influence the type of knowledge constructed. In NetMeeting and Belvédère, more constructive messages were coded as Evaluation whereas in Allaire Forums and WebKF more messages were coded as Explanation. In Allaire Forums and WebKF, the total amount of messages was more or less equal in guided and non-guided discussions. In Allaire Forums, students copied the moderator's activities rapidly. In WebKF, the tutor showed a lack of time to contribute many notes to the discussion. Only reading students' (long) messages took about one day a week, which was not well thought-out beforehand. Probably due to the low amount of contributions sent, no effects of tutorial interventions were found. 

Task characteristics 

Four different tasks were organised across the studies: an analysing task, a design task, a discussion task and a problem-solving task. These tasks were structured in different ways. In NetMeeting and Belvédère, students worked at a complex but not heavily structured task. In NetMeeting, students analysed a protocol from a theoretical model. Students could carry out this task in different ways, for example they could discuss the total model or fragments of it. In Belvédère, students had to discuss the design of an educational computer program. They could approach the task in different ways: discuss the design by using mainly the chat, the diagram construction tool or both at the same time. In Allaire Forums and WebKF, tasks were more clearly structured. In Allaire Forums, the moderator put predefined claims for discussion on the forum, in WebKF the tutor divided the task into subtasks beforehand. In addition, in WebKF different roles were assigned to students in order to stimulate collaboration from different perspectives. Earlier research suggests that students construct more knowledge when a task is more structured. A task that requires structure because of complexity, demands regulation activities. Students have to make plans, appointments, distribute subtasks among group members, monitor planning and so on. Thus, they need much time to regulate issues that do not directly relate to the content of the task, which leaves them less time for knowledge construction (Veldhuis-Diermanse & Biemans, submitted). The results of our studies confirmed this suggestion. In Allaire Forums and WebKF more knowledge was constructed than in the NetMeeting and Belvédère. In addition, working from different perspectives provoked more discussion and led to more knowledge construction.   

Synchronous versus asynchronous CMC systems 

In NetMeeting and Belvédère, a high frequency of short messages was sent to the discussions. In Allaire Forums and WebKF, frequencies were less high but messages were much longer. These differences characterise the different types of collaboration and communication across synchronous and asynchronous CMC systems. Synchronous collaboration has to be fast, due to a high psychological pressure to respond as soon as possible (Moore, 1993). Consequently, students have less time to search for information, to produce extended explanations, to evaluate information thoroughly, to ask elaborated questions and so on. In general, asynchronous collaboration is much slower. In relation to the educational design and task characteristics, students have more time to think, to search for information, to elaborate ideas, explain ideas and to reflect on each other's contributions. Students can take time to reach shared understanding, to create their own ideas and to formulate points of view as clear as possible. In addition, in Allaire Forums and in WebKF students worked in separated discussion themes, which made it easier for them to follow the development of the discussion compared to the NetMeeting and Belvédère discussions. Content related messages were separated from organisational and technical issues. Moreover, messages in the asynchronous CMC systems got a clear title and in WebKF an additional thinking type. It has to be emphasised that features to organise discussions and to support focus maintenance can be implemented in both asynchronous and synchronous CMC systems. 

To end, we conclude with a list of practical tips for the effective use of educational technology in collaborative learning situations: 
· Use an open-ended task in which information can be discussed from multiple perspectives and problems can be solves in many different ways;

· Use task structures that regulate organisational and planning issues, particularly when such issues are not related to task- and learning goals;
· Arrange heterogeneous group compositions and, if possible, provide students with different discussion roles;

· Check students' assumptions and expectations. Provide guidelines about participation, collaboration and communication;

· Choose for transparent and user-friendly CMC systems. Provide students, tutors and moderators with sufficient time and exercises to get used to the system;

· Organise clear discussion threads. Separate discussion themes, technical issues, planning aspects and social issues. Support the use of clear titles when sending contributions;

· Give preference to asynchronous CMC systems, especially considering larger groups of students; 

· Use synchronous CMC systems only for small groups (dyads, triples), especially when interaction is not structured.
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