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ABSTRACT 
Research in collaborative learning has supported the hypothesis that dialogue between peers and between peers and 

teachers facilitates learning by the participants in the dialogue. Examples of these dialogues show dozens of turns 

(individual utterances by participants) in a single learning session. In contrast, measurements of interaction from computer-

supported collaborative learning environments show that on-line dialogue looks much different, with an average of 

approximately one posting or less per student per week. Measurements of learning in these environments do suggest 

learning is occurring, but presumably, not based on the same kind of dialogue described in research on face-to-face 

collaboration. We explore explanations for how the learning is arising in CSCL environments based on the Vicarious 

Learning Project (Lee, Dineen, McKendree, & Mayes, 1999; McKendree, Stenning, Mayes, Lee, & Cox, 1998), but in the 

course of this explanation, two additional hypotheses emerge. We believe that some of the learning in CSCL environments 

occurs from the observation of the dialogue, the reflection induced by the potential of submitting, and in the interaction 

between the face-to-face and on-line environments. 
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INTRODUCTION: IS THERE LEARNING IN COMPUTER-SUPPORTED COLLABORATION 
ENVIRONMENTS? 
Dewey (Dewey, 1901) and Vygotsky (Vygotsky, 1978) both argued that all learning begins from a social context. Internal 

reflection and “monologue” are secondary effects that derive from previous social interactions. A peer discussion is a useful 

way of encouraging the kind of social interaction that leads to learning. Researchers on collaborative learning have found 

that collaborative discussions (competitive or cooperative) do facilitate learning (Cohen, 1994). 

Learning scientists have described how dialogue leads to learning, especially, collaborative learning where a shared 

understanding is created through the dialogue (Jeong & Chi, 1997; Roschelle, 1992). Roschelle describes learning as 

arising from dialogue that follows a cycle of posing hypotheses, testing the hypotheses, and then discussing the results of 

the test and the formation of the next set of hypotheses. Jeong & Chi describes learning as resulting from a similar process 

of explaining to one another what each individual’s understanding is, and then refining it based on what the individuals 

hear. A key characteristic in both the Roschelle and Jeong & Chi studies is that subjects are interacting with one another to 

a large extent. The posing of hypotheses, testing of hypotheses, and the generation of explanations described do not occur 

in a single utterance, but instead occur across dozens of utterances, including many non-verbal ones, in Roschelle’s study. 

Roschelle’s study identifies 49 turns between two students in less than one hour. 

In the literature on computer-supported collaborative learning, we see nowhere near that level of interaction. Guzdial 

(Guzdial, 1997) showed that for a variety of asynchronous computer-supported collaborative learning environments 

(including CaMILE and newsgroups, Answer Garden (Ackerman, 1994), and CoNote (Davis & Huttenlocher, 1995)), 

students posted an average of less than one note (a contributed utterance in the shared, on-line space) per week. While we 

would expect more interaction in synchronous collaboration, asynchronous collaboration is the predominant mode in the 

research literature. Another way of looking at the interaction is in terms of the length of the discussion, which we can 

measure as the length of a thread (a series of notes posted in response to a single note). In newsgroups, one of the most 

popular environments for computer-supported collaborative learning (Terveen & Hill, 1998), the length of a thread in 18 

classes was measured by Guzdial as averaging 2.2 notes. The implication is that the average discussion consisted of a note 

and a single note in response. Terveen & Hill found very similar results across hundreds of newsgroups on the Internet 
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(Terveen & Hill, 1998). A more recent study by Hewitt & Teplovs found that in seven graduate courses offered at a 

distance using the CSILE environment (Scardamalia, Bereiter, & Lamon, 1994) the average thread length was 2.69 (Hewitt 

& Teplovs, 1999). 

All of these studies were measures of interaction only. There were little or no learning measures. One might presume that 

such little interaction implies that no learning is occurring. However, studies of CSCL use with similar interaction levels 

have demonstrated in the last couple of years. 

• Miyake & Masukawa (Miyake & Masukawa, 2000) describe a system, ReCoNote, in which students explicitly create 

relations between notes, as well as post new notes. In their study, students in cognitive science did research and 

reported on their results in ReCoNote, and then later posted and discussed their research papers in ReCoNote. 57 

students created 310 notes over a 15 week
1
 period, for an average of 0.362 notes per student per week. If we consider a 

link between notes as another kind of utterance (referring to our definition of a note earlier), students posted an average 

of 0.58 notes per student per week. They mention that the number of logins by students was 749, which leads to 0.87 

logins per student per week. Miyake & Masukawa report significant learning in cognitive science among the students, 

as measured by a qualitative analysis of their papers. 

• A detailed study by Hoadley & Linn (Hoadley & Linn, 2000) focuses on a use of the SpeakEasy collaborative learning 

environment where eighth grade students debated the relationship between color and light over a four week period. 

Students participated in one of two conditions: An unmodified SpeakEasy discussion about the topic, and a SpeakEasy 

discussion structured around the perspectives of Kepler and Newton where the goal was to highlight the differences 

between Kepler’s and Newton’s views on color and light. In their studies, the average number of notes per student per 

week was 1.3
2
. The average number of logins per student per week was 0.825 (quite similar to the Miyake & 

Masukawa study). Hoadley & Linn found that all students learned significantly about color and light, but those using 

the historical forum learned more (in particular, they related the theories to the scientists). Surprisingly, the number of 

logins was the only measure that Hoadley & Linn found that correlated with post-test score. 

• A new study by our research group at Georgia Tech has focused on a part of Freshman English Composition classes, 

comparing students using our CoWeb tool in a “close reading” activity with students not using technology for their 

“close reading” (Rick, Guzdial, Carroll, Holloway-Attaway, & Walker, 2002). Students in the CoWeb generated an 

average of 2.22 notes per student per week. Students were required to participate in the CoWeb, which leads to slightly 

higher averages, but 2.22 notes per student per week is still not anywhere near the rapid iteration of dozens of 

comments that we see in the work of Roschelle and Jeong & Chi. Students using the CoWeb did significantly better 

than the non-CoWeb-using class on class essays, especially in areas of vocabulary and organization of ideas, even 

though both classes scored about the same on the first assignments.  

The finding that these results suggest is that learning is occurring in these computer-supported collaborative learning 

environments, despite the fairly low rates of discussion. But the interaction is not like what Roschelle and Jeong & Chi are 

describing, at least not in terms of the amount of discussion. What is the mechanism by which the learners are learning in 

these studies? Is it the shared understanding described by Roschelle and Jeong & Chi, or do the low rates of interaction 

suggest that something else is happening? In the rest of this paper, we describe a set of hypotheses for what the mechanism 

might be, and offer some interviews with students to support some of these hypotheses. Our opinion is that there is more 

than one kind of mechanism at work, just as there are several different learning mechanisms taking place in face-to-face 

learning. 

HYPOTHESES ON LEARNING MECHANISMS 
The first hypothesis to consider is that the shared understanding mechanism described by Roschelle and Jeong & Chi is also 

leading in the same manner described to learning in the computer-supported collaborative learning (CSCL) examples cited 

previously (Miyake & Masukawa, Hoadley & Linn, and Rick, et al.). We find little to support this hypothesis. The low rate 

of postings makes it unlikely that students are engaged in cycles of hypothesis formation, experimentation, and discussion 

(Roschelle) or in exchanged explanations (Jeong & Chi). One counter hypothesis might be that students are learning in the 

CSCL environments, but more slowly—that the entire term is a single learning session, and that the rate of discussion is 

appropriate when distributed across such a long time. We point out, however, that each of the studies is keeping pace with a 

face-to-face classroom. In the cases of Miyake & Masukawa and Rick, et al., the topics being discussed in the computer 

                                                           
1
 We are presuming here a 15 week semester study. Miyake & Masukawa describe their study as extending over a “half 

year” and describe their use as having four phases, the middle two of which were three weeks long each. 
2
 Based on a reported average of 5.3 (SD=31) notes written per student over a four week period. Students were required to 

write at least three notes. 
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environment are appearing at the same time as the topics do in the traditional classroom—it isn’t the case that all the 

observed discussion focused on a single topic so that shared understanding occurred. 

We began this exploration with a hypothesis on where the learning was coming from: 

• Vicarious learning for shared understanding: Students are engaged in the shared understanding mechanisms described 

by Roschelle and Jeong & Chi, but vicariously. That is, students sometimes do not post a note because someone else 

has already made the response or explanation they would make. Under this hypothesis, the mechanism for each 

individual’s learning is the same as in the shared understanding model, but there are fewer utterances because students 

recognize their own understanding in others. 

But in our search for evidence to support this hypothesis, two other possible explanations arose from the interviewing 

process: 

• Reflection stemming from the potential of posting: Students encounter an idea in a forum, and reflect on it in order to 

create a posting, but in the end, they don’t—perhaps because someone else posted the idea, or because they lose 

interest in the actual posting of a note. But in any case, the possibility of responding leads to an inquiry process that 

facilitates learning. 

• Relating on-line and in-class activities: In the three CSCL studies cited, the on-line environment was an extension of 

an existing face-to-face class. Thus, studying the on-line space doesn’t provide a complete picture of the learning. 

Students meet ideas in the on-line CSCL environment that they’ve heard in face-to-face class, or they take ideas from 

the CSCL environment into the face-to-face class for discussion or relate them to class assignments or topics. 

All three of these hypotheses are consistent with Hoadley & Linn’s observation that number of logins correlated well with 

learning outcomes. Students who log in more often are probably more likely to identify with other students and have 

vicarious learning opportunities. Students who log in more often may be more likely to be involved and reflective about the 

discussion. Students who log in more often are more likely to see connections between what’s going on in class and in the 

CSCL environment. 

EXPLORING THE HYPOTHESES 
To explore why students were choosing not to post in a CSCL environment, we conducted a series of interviews in an 

English Composition class that was using the CoWeb (in a manner like that described in Rick, et al.) Through log files, we 

identified students who did post notes frequently into the CoWeb. We then identified a point when a frequently-posting 

student visited a discussion page and read it (or so we presume, based on length of time spent on the page) but did not post 

a note to the discussion. Because the CoWeb keeps every version of every page, we were able to reconstruct the page as it 

looked at the moment that the student read the page. 

At the end of the same academic term, we were able to identify three students who matched these criteria. We asked them 

to explain why they chose not to post at that time, providing them with a printout of the page as it looked when they visited 

it. While the large time gap between the incident and the generation of an example is a problem if we were to consider these 

data as think-aloud protocols (Ericsson & Simon, 1980), we found that the example page served as a stimulus for a wider 

ranging discussion on why the students posted and when.  

As mentioned our original hypothesis was that vicarious learning explained the learning-without-much-dialogue 

phenomenon. Our guide for the interview started from this hypothesis. We asked all three students the following questions, 

with questions added by the interviewer for elaboration or explanation of a confusing point: 

• It looks as if you read comments on this page, but didn't post. Can you remember why? 

• Did you ever go with something to say and find someone else had already posted it? Did you ever come up with 

something to say, go away to think about it, and return to find someone else had said it? 

• When you read comments which sparked something you wanted to say, did you generally post it right away or go away 

and think about it for a while first? 

• Did you ever think of something to say and then bring it up later in class instead of posting? 

• When you went to the CoWeb, did you usually go with something to say, or were you just browsing through other 

people's comments? 

Three students is admittedly a very small sample. We are not arguing that these students are representative of the whole 

class, nor that the mechanisms for potential learning that we identify are the only ones—they may not even be the most 

common ones. Rather, we see these interviews as suggesting hypotheses to explore further to explain the tension we point 

out in the literature between amount of discussion and evidence of learning. We conducted the interviews to develop some 

evidence for our first hypothesis. The fact that we found students offering stories of their experience that supported the first 

hypothesis and the two emergent hypotheses is significant in suggesting the potential of these hypotheses in explaining how 
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learning can occur with little observable dialogue. In the sections below, we expand upon each of these hypotheses and 

offer students’ comments in support of these hypotheses. 

Vicarious learning for shared understanding 
The Vicarious Learning Project (Lee et al., 1999; McKendree et al., 1998) studied how well students learned from 

experiencing the interaction between teachers and students as transcripts or video. The Vicarious Learning researchers 

recorded tutors working with students, or even students working together, then created transcripts and video segments from 

these recordings. New students would then study the transcripts and video segments. The result was that the new students 

learned as well as those recorded. 

The goal of the Vicarious Learning Project was to show that transcripts of dialogues are an effective educational resource 

for future students. The mechanism of learning was that students would “identify” with the student in the dialogue and 

would benefit from the same explanations, and potentially have the same questions. They point out that “learning, 

particularly in higher education, requires learning about descriptions of the world, knowledge derived from someone else’s 

experience, and from understanding someone else’s arguments.” Learning “vicariously” from recorded dialogues gives 

students the opportunity to practice learning from someone else’s experiences. 

What may be occurring in the three CSCL studies cited previously is a slight variation on the Vicarious Learning Project 

setting. Students in the same class are building the dialogue, but they are also observing others’ dialogue. Students may not 

post if someone else has already made the posting that they were considering making. In this case, students recognize a 

shared understanding with others in the class, and they choose not to post because their contribution is already made. The 

end result is the kind of shared understanding that Roschelle and Jeong & Chi describe, but with fewer postings because of 

the identification with others’ perspectives as described by the Vicarious Learning project. 

Two of the students we interviewed described having this happen to them. 

K: Apparently, you looked at this page. My impression from looking at the CoWeb is that you posted pretty 

frequently. But this is one where you didn’t post—where you looked at it and you didn’t write anything. Do you 

remember this?  

Student P: Yeah, yeah, I remember this. 

K: Do you have any idea why? 

Student P: Oh, yeah, I saw this part, and I was going to answer it, but, I don’t know, I,… before I could answer, 

somebody already came up with the answer, StudentC or StudentJ came up with the answer. 

K: Somebody said what you were going to say? 

Student P: Right 

K: So somebody already did it. Did that ever happen other times? Was that something that happened more than 

once for you, where people would answer what you were going to answer? 

Student P: It did actually, the open forum, it happened a couple of times, like I come there and I like look at 

people’s questions, or something, and then go back, by the time I come back, like, ten more people have answered 

it.  

K: Did you ever find that you had a question you wanted to ask, and then somebody else had asked it already? 

Student P: A couple of times, yeah. Yeah. I guess, even if I did have a question, I mean, the questions were there, 

but it just didn’t come out, somebody had already worded it, so I’m like oh yeah, I wanted to- I was wondering 

about this, too. 

What’s interesting in this exchange is that the student identifies that both generating an answer (like generating an 

explanation in Jeong & Chi’s study) and questions (like generating hypotheses and questions in Roschelle’s study) are 

happening vicariously for this student. Other students performed those answering and questioning roles that Student P 

would have posted, so the learning mechanism for each individual looks like the shared understanding model, but without 

the same level of interaction being evident in the on-line forum. 

K: Did you ever go with an idea of something you wanted to say and find that someone else had already posted it? 

Student Z: mm-hmmm. Several times. Yeah, like, with this, the whole Darwin related to creationism, there are 

some things that I probably could have added but I thought like, I don’t know why I didn’t, but like in retrospect I 

probably would have had some interesting discussions myself if I had, but like, I like when Student P, how he, I 

like reading what he writes, too, ‘cause it’s very interesting to me, ‘cause he thinks sorta like I do; like he likes to 

have facts to base things up; I understand how he thinks, and like a lot of people in the class, a few of them have 

the same views and a few of them don’t and I like, it just interests me, you know, kind of, I like how people think. 
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Student Z says that the event occurred several times that he was going to post, but found that his ideas were already posted. 

He also says that he noted a particular student who “thinks sorta like I do.” Student Z also points out that he doesn’t agree 

with all the views that he reads in the class forums, but it interests him to read them. That last point is echoed by Hoadley & 

Linn, “The most common benefit of SpeakEasy identified by interviewed students was that they could hear the opinions of 

others.” The hearing of contrasting perspectives is an important part of the shared understanding mechanism described by 

Roschelle and Jeong & Chi. 

Reflection from the potential of posting 
All three of the students we interviewed talked about the role that considering whether to post and what to post had on their 

learning process. Students talked about doing research or going off to think about issues raised before making a posting—

whether or not they actually did post. The role of the CSCL, then, is to start an inquiry process for the students, and that 

inquiry might not result in a posting into the CSCL environment. An asynchronous forum is particularly supportive of this 

mechanism because the delay in response during reflection doesn’t impact the flow of the conversation. 

K: Somebody said what you were going to say? 

Student P: Right, like, I found stuff on this, I mean I came here, I saw this and I decided to do some research, so I 

went to some other web page and I looked it up and I found out stuff, I was actually ready to post, I come back, 

and somebody had already done it. 

K: Is that something that you would frequently do, to kind of look at what somebody else had said, and then go 

away to think about it yourself? 

Student P: Um-hmm. That’s probably what I did, yeah. Like I used this as kind of, you know, something that would help 

me think about a particular topic and a particular direction, like when you just read a book, it’s really difficult to pick a 

subject and go in a particular direction, like if somebody thinks about something and gives a question, it’s easier to channel 

your efforts towards a particular thing.  

In this quote, student P describes going off to “do some research” in response to something that came up in the discussion. 

But someone else posted before he got back, so he didn’t end up contributing to the discussion, but the learning benefit for 

him had already been gained. 

K: Suppose that you did have something to say, would you generally, say it right away or is it something you 

would go away and think about and come back to later, or? 

Student T: Generally I’ll probably do it right away unless I’m just there browsing for whatever reason, if I don’t 

really have that much time, I might go back and say later, and if I do that usually I’ll also have thought about it 

some more and that may make me not want to write anything or it would give me more to write about. 

Student T generally responds immediately, and doesn’t go off to do “research” as did Student P. But sometimes Student T 

sometimes does carry the issues away to think about them further. In the end, there may be no posting at all, or the content 

of the posting may have improved due to the reflection. 

K: Sometimes people say that they would go and they’d have an idea of something they’d want to say but they’d 

want to go away and think about it a little bit before they’d come back and write it. But then maybe by the time 

they’d come back and write it, somebody else had written something to the same effect. Did you ever have that 

experience? 

Student Z: Maybe once or twice. Not too regularly. I usually try to like if I had something good , a good idea to 

post, I usually try to like, we were doing like group annotations or something I try to do it before the rest of my 

group so I could have what I already had, but like in the open forum it ended up a lot like that, kinda like I’d get 

there and I’m like, I see what it’s been said and I try to think of something to add and I go and I come back and it’s 

already been added. 

Student Z sees a benefit in getting a posting in before the rest of “my group,” but “maybe once or twice,” Student Z did go 

off to think about the posting before making it. 

Relating in-class and on-line activities 
In all the CSCL studies cited, the CSCL environment is an extension of the class, an additional place to carry on 

discussion—or not. We found in our interviews a student who used the on-line space to gain additional perspectives on 

class discussion, and another student who said that he didn’t post in the on-line space because all the issues were already 

discussed in-class.  

K: If you could just look at this and see if you can remember when you looked at it and why you didn’t post 

anything. 
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Student Z: Trying to remember…the majority of the time, when I looked at a page I was also trying to get other 

ideas from what the class was doing. See how the class was responding to things. ‘cause usually from that, the 

class would pick up on attitudes of the teacher, and stuff like that; that way I can gear myself towards the teacher, 

‘cause every teacher you write to is different, had completely different writing style than I did in high school, and 

sometimes when I can go through, I can pick up other ideas and other views of things that are brought up in class, 

‘cause I think this was on like the open forum, and from that I can kinda understand what other people were 

thinking, and possibly get an idea of where the teacher wants us to go with things. 

K: Ok, so you’re kind of using this as kind of an extension of class, in a way, and a way of getting information, 

more than as a forum for you to necessarily to put stuff out there. 

Student Z: Yeah, I probably looked over it and had an idea of something I could have posted but it just ended up 

that I looked over it and read it all and then kinda looked through it and tried to understand what everybody was 

thinking and then maybe I thought of something to post but I couldn’t get it out or you know, different things 

happen at different times but I think with this one, I was just interested in what the class was saying, really. 

Student Z is saying that he uses the on-line space to get a sense of the attitudes and ideas of the teacher (important for 

grading) and of the class overall, to better understand the class discussion. The role of the CSCL environment is not just a 

place to collaborate, but a place to gain perspective on other aspects of the class: Classroom discussion, and what the 

teacher is looking for on assignments. Benchmarking and understanding the unwritten assumptions are tasks that students 

struggle with in any class, and CSCL can help with these. 

K: Would there ever be a time when something would come up for you and maybe you wouldn’t write it down but 

maybe it would be something you would think about and bring up in class, talk about in class later on? 

Student T: Not really, because generally we talk about it in class before we do the Open Forum thing, a lot of 

times. Except for a few subjects which, I think some of it was like the election and talking about monopolies and 

stuff, we generally talked about most of the stuff in class before, so most of the things I would have brought up in 

class I probably would have already said so instead of just waiting for the Open Forum. And so the Open Forum 

was just generally an afterthought type thing. 

Student T is saying that one of the reasons why he doesn’t post is because he feels that the discussion has already occurred 

in class.  

The point of this hypothesis is that looking at the dialogue in the CSCL environment is only looking at part of a larger, 

multi-faceted story. A low rate of dialogue in the CSCL environment may imply that students are focusing at least some of 

their attention on classroom discussion, on completing assignments, or on some other learning activity in the class. The 

CSCL environment may serve as effective support for these other activities, thus explaining why learning may be occurring 

without a high rate of dialogue. 

CONCLUSION: MULTIPLE PATHS TO LEARNING 
We know from Roschelle and Jeong & Chi that learning can arise from collaboration. We know from Miyake & 

Masukawa, Hoadley & Linn, and Rick, et al that learning is occurring in computer-supported collaborative learning 

environments, even though the dialogue doesn’t look much like what Roschelle and Jeong & Chi describe. In this paper, we 

have offered several explanations for where the learning may be coming from, despite the low rates of dialogue. 

• Learning arises from the construction of a shared understanding, but students don’t have to participate if others 

represent their questions and explanations. 

• Learning arises from the inquiry and reflection triggered by ideas in the forum and the possibility of posting, even if no 

posting ever occurs. 

• Learning arises from the set of activities in a classroom, and the CSCL environment is one support for those activities. 

We see all three of these as likely, even among the same students in the same class, as seen in our interviews. In face-to-

face classrooms, students learn from discussions, from hands-on activities, from reading, and even from listening to 

lectures. Learning in a CSCL environment is probably similar, with a variety of mechanisms leading to learning.  

This paper is only presenting three possible hypotheses—there are probably others. The evidence for these hypotheses is 

weak—simply the comments of a small number of students in interviews. Identifying the hypotheses, however, is useful so 

that some may be further explored, developed into theory, and applied toward better design activities and environments that 

facilitate learning. Important next steps are to identify other hypotheses and to develop better evidence for explanations 

such as these for how learning is occurring in CSCL environments with low rates of dialogue. 
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