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Abstract

A comparison study was designed to investigate the characteristics of university students’ inquiry in two conditions involving either computer-supported collaboration or more traditional individual writing assignments. About 80 students participated in a lecture course on the psychology of learning and thinking. Between their weekly lectures a subset of the students worked in small groups within the Future Learning Environment (FLE) and the remaining students produced learning logs and written comments on each other’s learning logs. A qualitative content analysis of these processes revealed differences between the explanation and problem-setting practices between the two conditions. The FLE-groups were observed to produce a higher proportion of problems and metacomments than the comparison-groups. On the other hand, the traditional groups produced a higher proportion of own explanations compared to the FLE-groups. The two conditions did not differ in the proportion of scientific explanations they produced. The individual and social aspects of inquiry are discussed. 
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Introduction

Novel combinations of technological and pedagogical innovations challenge students and teachers to try new methods and adapt to new cultures of collaboration within networked environments. However, we educators should be cautious about letting the current capacity and applications of ICT dictate all the learning activities we plan for students. Although the groupware-applications and tools offered for educational purposes in the computer-supported collaborative learning and knowledge building tradition are developed with clear pedagogical goals in mind (e.g. Edelson, et. al, 1999; Guzdial & Turns, 2000; Pea et. al, 1999), further research and comparative analysis is needed to identify the optimal combinations of computer-supported collaboration and the individual development of skills of theoretical thinking and argumentation. 

In practice, the outcomes of instruction are generally evaluated in terms of content mastery. However, if one would ask a pedagogical expert or a learning researcher in higher education to define the ultimate goals of instruction, content mastery might fall somewhat behind other, more cumulative skills and epistemologies. Such goals would most likely include the development of self-regulative and metacognitive skills (c.f., Boekaerts, et al, 1999), reflective and critical thinking skills (King & Kitchener, 1994; D. Kuhn, 1991), and demonstrated academic literacy in reading and writing (e.g. Geisler, 1994; Wineburg, 1991). These goals would include elicitation of conceptual change by intensive engagement in the learning process (Vosniadou & Brewer, 1992), as well as practices of participation in knowledge building communities (Scardamalia & Bereiter, 1994).

The present study focused on examining the knowledge building efforts of students taking part in a university course. In this study, half of the students collaborated in a web-based, networked learning environment, the Future Learning Environment (FLE, version1), which embodies a model of progressive inquiry (Muukkonen et al, 1999). The other half of the students took part in the same course, but without an organized collaborative use of information and communication technology. They wrote learning logs and essays individually and wrote comments to each other’s learning logs.

The Model of Progressive Inquiry

The students in the university course were all introduced to the progressive inquiry model, which entails that to arrive at a deeper understanding of phenomena and problems in science, one has to take part in a deepening question-explanation process. Original, often vague questions are based on students’ initial understanding of the issues. These initial questions are generally found, during the process, to consist of several subordinate questions, which, in turn, become the focus of students’ inquiry (Hakkarainen & Sintonen, in press). Ideally, the original questions get answered in this progressive process, but it might also turn out that the initial questions are such that science, at present, is not able to provide one single answer to, but rather, offers multiple competing theories.
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Figure 1. Elements of progressive inquiry

This process of progressive inquiry (Muukkonen et al, 1999) attempts to engage the students in a self-directed inquiry process by asking the students to 1) state their initial and often fuzzy questions, 2) produce their own working theories, 3) collaboratively evaluate and redirect their inquiry, 4) search for deepening knowledge, 5) generate subordinate research questions and to 6) produce deepening explanations for the whole learning community (see Figure 1.).  The important role of the teacher and the facilitators of collaboration is to create the context for this collaboration, provide anchors between the theoretical representations and the real-life experiences that students report, and keep the process active and in focus during the progression of the course. 

Aims

The purpose of this paper is to analyse the processes in which progressive inquiry students were engaged while taking part in a university lecture course. We compared two conditions in which students completed the assignments of the same course in two formats a) with participation in FLE-work or b) by producing learning logs and essays on their own and writing comments to other student's learning logs. In the FLE environment (see http://fle2.uiah.fi/) students write messages to a shared knowledge building module of the interface and all their productions are visible to all the other members of the same group. Further, the messages are organized in threads under research questions formulated collaboratively at the beginning of the course. In the traditional condition, students produce their learning logs without the sharing the process with their group. Their logs are later read and commented on by one or two members of the same group, and at the end of the course, by the teacher. Therefore, we experimented with two conditions, in which the students were guided to follow the progressive inquiry process, but in one condition this was aided with a shared collaboration environment, and in the other condition there were no collaboration supports.

Our main research question was whether the two conditions would result, within written productions, in expressions of progressive inquiry process that differed qualitatively and quantitatively in the following ways: We wished to focus on the statement of research problems, expressions of explaining one’s own understanding, and representing knowledge from the course materials. Further, we looked for expressions of meta-level evaluations of the progression of inquiry, as well as reliance on the shared expertise of the group.

Research design

Eighty students took part in a 15-week university course in cognitive psychology with weekly lectures. The students were drawn from all the faculties of the university, and therefore represented multiple scientific domains. The students were divided in two conditions, so that 17 of them started work with the FLE-environment, forming the three technology-groups (FLE-groups) in this study. The students in the other condition did not use any groupware, but participated in the course in a more traditional format, following lectures and writing learning logs between the lectures on their own. From these 63 students we identified five groups of students who had completed all the assignments, had taken part in the first lectures, and had commented on each other’s learning logs. Further, we randomly chose three groups including 17 students to be investigated and they formed the three comparison-groups (Comp-groups).

All the students were guided during the first two lectures to formulate research problems. Initially, they produced the research problems individually, continued by discussing their research problems with a peer and, finally, within a small group selected together the most interesting question to pursue. These questions were then presented to all the participants in the lecture. After this initial problem setting, the technology-groups were instructed to continue their inquiry processes between the weekly lectures in the FLE-environment and the comparison-groups were instructed to continue with the inquiry process in their own learning logs. 

The three technology-groups (consisting of four to seven undergraduate students) took part in lectures, and each had a tutor-facilitator participating in their FLE-work. The requirement for course credit was to write and contribute to the progressive inquiry process to FLE's Knowledge Building (KB) environment. They were also expected to participate actively by reading and commenting on productions of other members of the group and writing a summary of their own contributions and learning process at the end of the course. 

In the other condition, we had three groups of five to six undergraduate students (comparison-groups) only taking part in the lectures. They were asked to write learning logs and provide written feedback on at least two logs produced by fellow students in the same group. They also had a traditional essay-writing task at the end of the course. 

Overall, the evaluation criteria for all the groups were identical; emphasis was given to demonstrating understanding of the theoretical concepts of the course as well as explaining their knowledge of recent research on learning. Further, they were asked to provide an account of their own learning process. 

Data analysis

The postings to the database KB Module by the FLE-groups and the learning logs written by the comparison-groups constituted the data analysed in this study. The qualitative content analysis methods applied to analyse the data were intended to provide a richer view of the content, and of the progression of the discourse (see Chi, 1997). The progressive inquiry coding was developed during a pilot-study using the FLE-environment (Muukkonen et al., 1999).

An examination of the FLE-groups' productions indicated that their messages consisted of several ideas. Therefore, the messages were segmented into propositions, which were considered to address only one idea. The learning logs of the comparison-groups were segmented following the same principle. To analyse the reliability of segmentation, an independent coder classified 5 percent of the messages and also 5 percent of the learning logs. The inter-coder reliability (single measure intraclass correlation; McGraw & Wong, 1996) was .88 for the FLE-message segmentation and .90 for the learning log segmentation, which indicated that the reliability of segmentation was satisfactory.  

To explore the nature of knowledge presented in the messages, each segment or idea was classified according to five principal categories of ideas (Muukkonen et al., 1999): problem, working theory, scientific explanation, metacomment, and quote of another student’s idea. For the learning logs a new code was introduced, reference to lecture. All of the propositions fit into these six categories of ideas, which were regarded as being mutually exclusive. Further, to analyse the inter-rater agreement of classification, an independent rater classified approximately 10 % of ideas; the Kappa coefficient for rater agreement was .83 (Cohen’s Kappa) for the FLE-messages and .88 for the learning logs, which is indicative of a clearly stronger congruity than chance alone would produce. In the following, each inquiry category is described.

1) The problem category referred to all questions produced by the students. These were sentences formulated as questions or asking a question.

2) The category of working theory represented students’ own ideas and thoughts, their own explanations for the problem being investigated or generalizations of their experiences. These were coded as verbalizations of their own understanding, even if they resembled writings from their study materials, but did not provide a reference to an original writer or source. 

 3) The scientific explanations category represented the explanations that contained explicit reference to an article, book or other study material on which the student had based the explanation. A reference to specific theory or model and a reference to results from research were also coded as scientific explanations, even if the source was not explicitly mentioned. 

4) Metacomments were taken to consist of assessments of one’s own learning process, assessment of own understanding, advancement of the discourse, functionality of the FLE-Tools, or explanation of what would follow. Ideas were considered to be metacognitive when they contained an explicit expression of generalization from one’s own or the group’s experience, an evaluation of one’s own thinking process (e.g., confusion) or a reflection on the learning process. 

5) A student was considered to quote another participant’s idea if he or she presented excerpts of that participant’s earlier message within the one currently being posted. A quotation contained the verbalizations of someone other than the author of the analysed message. Therefore, it contained ideas the author had chosen to highlight from previous messages.

6) The category of reference to lecture was given when the segment indicated its content to have been said or done during the lecture, serving often to set the context for the reader. These were most often events and activities that took place during the lecture. 

Participants

The participants had a previous course in "Psychology of learning and thinking I" before enrolling for this course "Psychology of learning and thinking II". The mean grade (on a three point scale, with 3 being the highest) from the prior course was for members of the FLE groups 2.2 (SD = .72) and for the members of the comparison groups 2.1 (SD = .46), showing a similar success on the previous course. The participants took part in this course to complete a ten-credits minor unit in psychology, which was offered to degree students at the University of Helsinki. Therefore their backgrounds were in most of the different fields of studies at the University of Helsinki, including forensics, mathematics, history, languages, and education. 

Table 1. 

Age and gender distribution

	Group
	Number of students
	Male / Female
	Age years
	
	Average

year in studies

	
	
	
	Mean
	Min/ Max
	

	FLE-1
	4
	1 / 3
	24.5
	22 / 30
	3rd

	FLE-2
	7
	2 / 5
	23.2
	21 / 25
	3rd

	FLE-3
	6
	2 / 4
	25.0
	21 / 30
	3rd

	Comp-1
	6
	1 / 5
	26.7
	22 / 32
	4th

	Comp-2
	6
	1 / 5
	28.3
	23 / 34
	4th

	Comp-3
	5
	2 / 3
	25.0
	20 / 31
	2nd


Overall, the number of years the students had studied varied from 0 to 6, although some of the students did not provide this information. In Finland the average age of students starting their college or university-level studies is rather high, due to the entrance examination process, which selects a limited number of students for each discipline. The students in the FLE-groups were on average two and half years younger (M = 24.2) than the members of the comparison-groups (M = 26.7). The students volunteered for the FLE-groups, therefore we could not influence the age distribution. The majority of students taking part in this course were female, which was also reflected in the gender distribution of the groups (see Table 1).  

Outcomes

FLE-groups

During the fifteen-week course the 17 students in the FLE-groups posted 203 messages, which included 1353 ideas. In addition, the three tutors posted 35 messages and the lecturer posted 3-4 messages for each group to FLE’s database, which represented the principal research problems of the group. Each question opened one knowledge-building thread, e.g., “How to become an expert in some field?" ”How to define intelligence and could it be measured?" or “Importance of motivation in studies”. The students themselves decided which particular problems they would pursue.

Analysis of the activity of the FLE-groups revealed a large variation in the number of postings to the FLE-environment with the minimum of 3 messages and maximum of 33 messages (M = 11.9 messages and SD = 8.8) by a student. Qualitative analysis of the content of the postings revealed a distribution of problems, working theories, scientific explanations, metacomments and quotes of another student's ideas, which remained rather consistent between the three groups (see Figure 1). The highest proportions of the ideas were coded as working theories, an average of 40.4 %, problems presented on 20.9 %, scientific explanations 11.5 %, metacomments 16.8 %, and quotes of another participant an average of 10.3 % of the total ideas produced by the students in the FLE-groups.
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Figure 2. Relative proportion of Categories of ideas for FLE-groups and comparison-groups. 

The messages posted by the students and tutors constituted several deepening interlinked threads, which extended over fifteen weeks, so that the theories and problems were reformulated during the progression of the course. The FLE-groups were stating research problems and providing evaluations on the progression of their work. Furthermore, within each of these groups, the students collaborated to gain better understanding of the main research questions. This collaboration became obvious by following the threads, but also was seen from their practice of quoting each other’s ideas. They were commenting on each other's writings, asking for clarifications and explanations. One student wrote as follows: 

“Topic of the discussion was the limits of intelligent behaviour and surpassing them. I tried first to define the problem-field by asking what defines the limits to intelligent actions. During the discussion it became apparent that everyone thought that the limitations originated in the limitations set by human brains, such as short-term memory or ability to retrieve from long-term memory. Nobody offered thinking methods as a solution, but concentrated on increasing the resources. In this discussion I defined intelligent behaviour as problem-solving, particularly conceptually difficult and complex problems, which are very hard or impossible for a single individual. During the process I developed three versions of the theory. 

Version 1, February 22nd:

Human intelligent behaviour is limited by memory and thinking abilities. With current technology it’s not possible to improve the physical properties of the brain. Memory and thinking can be supported by external additional memory, e.g., blackboard and methods for modelling complex problems. 

Version 2, March 25th:

The limits of human intelligent behaviour can be circumvented by forming a group of several people, who all concentrate on solving the same problem. 

Version 3, April 26th:

After reading the chapters sent by our teacher […] I ended up combining my previous theories: The limitations of human intelligent behaviour can be circumvented by physically distributed cognition, where humans share the cognitive burden with different tools they use, and by socially distributed cognition, where a group of people concentrates on solving the same problem”.(Student 13)

Comparison groups

The17 students in the comparison groups wrote 72 learning logs, including 1893 ideas, between 4 and 6 logs each student. Their logs, each written after one lecture they had attended, were on average much longer than the 1-3 paragraph messages of the FLE-groups students. In the writings of the comparison-groups, the highest proportions of the ideas were coded as working theories, an average of 65.2 %, problems presented 11.3 %, scientific explanations 10.7 %, metacomments 9.0 %, and references to lecture an average of 3.8 % of the total ideas produced. Unlike the FLE-groups, these students did not have any ideas coded as quote of another participant (see Figure 2).

The learning logs written by the comparison-groups contained predominantly explanations of their own understanding and examples of their own experience regarding the theoretical issues presented during lectures. The content analysis revealed there were surprisingly few students who problematised the knowledge or the explanations on which they were working. The learning logs of the comparison-groups were focused on presenting the central theoretical content of the lecture and often explained at length the student's own experiences with the issues from the lecture, such as sharing of expertise or theories of intelligence. Their writings often referred to events and tasks during the lecture, which could not be found in the FLE-groups postings. Nevertheless, several of these learning logs could be described as providing in-depth analysis of the main theoretical positions and a personal perspective on the issues. 

Learning log, April 29th  

Distributed cognition

“…During the lecture there developed a discussion about different orientations to learning, which were found more to represente some chosen strategies for functioning, instead of being controlling (permanent) trait (motivationally, avoidant or achievement oriented learner). Sometimes it could be meaningful to choose achievement-oriented motivation, so that understanding becomes secondary goal after completing the course. People’s time and interests are limited…but I wonder whether it turns out that using very often the achievement-orientation actually impairs individual thinking skills? 

I was also thinking about how conscious I am of the choices in strategies. Is for example the endless leaving the essay writing to the last minute a sign of avoidance or achievement orientation towards learning, or simply bad luck and even worse time-control? Engagement in progressive inquiry, which means that a motivated learner, who needs and wants deeper knowledge about her field, hardly gets enough external support in university (or work-life) and its productivity-pressured atmosphere, which has often been mentioned at lectures. Therefore, an individual’s own commitment to learning, motivation and importance of social interaction are of high importance while aiming for in-depth learning”. (Student 26) 
In all the learning logs there were only few occasions, where a student commented on having received feedback from someone in the group. E.g., a student explained that she was changing the structure of her learning logs to include more theoretical considerations, based on feedback. In general, students in this condition did not refer to writings, feedback or ideas presented by other students, although they met each other on the weekly lectures. 

The observed variations in the proportion of ideas in each category led us to investigate further the differences between the groups in the two conditions. Cell-specific exact tests (Bergman & El-Khouri, 1987) were carried out in order to examine whether the observed frequencies in each cell deviated from what could be expected by chance alone (see Table 2). 

Table 2. 

Frequencies for categories of ideas within each group.

	Group


	
	Idea category


	
	
	

	
	Problem
	Working theory
	Scientific explanation
	Metacomment
	Total ideas

	FLE-1
	64
	123 *
	78 †
	55
	320                       

	FLE-2
	139 †
	267 *
	51
	89 †
	546                       

	FLE-3
	85 †
	167 *
	11 *
	79 †
	342                       

	Comp-1
	51 *
	417 †
	53
	82
	603                       

	Comp-2
	110 *
	534 †
	134 †
	62 *
	840

	Comp-3
	51
	264 †
	33
	26 *
	374                       

	Total ideas
	500
	1772
	360
	393
	3025


Note. Significance tests are based on hypergeometric probability estimations (see Bergman & El-Khouri, 1987): 

* = Observed frequency smaller than expected by chance alone (p <. 01) 

† = Observed frequency larger than expected by chance alone (p < .01).

The results indicated that two out of three FLE-groups produced more problems and metacomments that expected, yet two out of three comparison-groups produced fewer problems and metacomments than expected. Further, within the working theory -category, all the FLE-groups produced fewer than expected and all the comparison- groups produced more than expected. For scientific explanations, the results did not reveal consistent differences between the two conditions, but rather within the conditions, therefore the two conditions did not differ from what was expected in the amount of scientific explanations produced. 

Conclusions

We compared the characteristics of progressive inquiry process between two conditions in which students completed the assignments of the same course in two formats a) with participation in FLE-work or b) by producing learning logs and essays on their own and writing comments to other student's learning logs. The in-depth analysis of these processes revealed the following differences between the explanation and problem-setting practices between the two conditions: The FLE-groups were observed to produce a higher proportion of problems and metacomments than the comparison-groups. On the other hand, the comparison-groups produced a higher proportion of working theories compared to the FLE-groups. The two conditions did not differ in the proportion of scientific explanations they produced. 

Qualitative analysis of the data revealed that the socially shared aspect of progressive inquiry, as well as the setting of more specific problems, became explicit only in the work of the FLE-groups. The students in FLE-groups often constructed their messages by taking as a reference point something another students had written previously. This reference to other students’ ideas was not apparent in the comparison-groups’ writing. Further, a problem-setting and problem-redefining process was more characteristic of the FLE-groups, providing them with focus points in their inquiry. However, comparison-groups were more profound in the explication of the theories they had studied during the course. They explained in their own words ideas from the reading materials and also their experiences and conceptions of the theories discussed. They often attempted to assess the theories in light of their own experiences or make the theories personally meaningful. 

Cognitively, the most intriguing difference between the FLE- and the comparison-groups could be found in the amount of self-reflection on their learning processes. In their own evaluations, many of the students in FLE-groups explained that being able to see how the others wrote and progressed during the course helped them to reflect on their own work, get involved in negotiating meanings and engaging in academic discussion. The cumulative inquiry process, constantly accessible in the FLE-database, also allowed the FLE-groups to return to their prior messages and comment on their own advancements and understanding. This practice was not apparent in the learning logs of the comparison-groups, although some students did comment that their understanding of learning and thinking processes had changed. Further, within the documented inquiry process, the comparison-groups made no references to other members of the course, their ideas or how they could provide conflicting premises, interpretations or examples for their theories. 

The postings of the students in FLE-groups in our study were relatively short and condensed compared to the writings of the comparison-groups. The FLE-groups writing often had the purpose of communicating a central idea to the knowledge building process, but these messages often lacked precision or versatility in explanations. However, this multidimensionality of explanations was often constructed collaboratively in KB, if the ideas were further developed by members of the group.  

We had anticipated that the proportion of scientific explanations would be higher in both conditions, since the theories and research findings presented during lectures and in reading materials were considered central by the teacher and the tutors. Except for some individual cases, the students often omitted mentioning the source of their theories or the research results they discussed. This difficulty in reaching students on theoretical issues appears to be another challenge for developing academic education and skills of participation in scientific discourse.   

Naturally, our data-collection methods did not let us follow the entire inquiry process of the groups, and therefore we cannot obtain a full view of their learning processes. However, teachers often have to struggle with this same limitation, since in general they do not have evidence of how well students are understanding the course content, which in turn influences teachers’ possibilities of guiding the process. 

The educational implication of these results is that, in order to foster the development of expert-like skills of information processing and evaluation of own understanding, it is important to provide opportunities for practicing sharing of expertise. The two progressive inquiry conditions would appear to complement each other in the quest for development of expertise. Based on these results, a combination of activities involving CSCL and individual reflection appears likely to produce more intensive in-depth inquiry processes. 
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		code		1		2		3		4		5		6		7		20		24		26		27		28		29		30		31		32		33

		problem all		0		17		10		27		2		2		4		5		9		64		20		16		40		8		3		11		14

		prob within komment		0		0		0		7		0		0		0		0		1		4		3		0		13		4		0		3		5

		PROMLEM		0		17		10		20		2		2		4		5		8		60		17		16		27		4		3		8		9

		working theory all		59		95		50		89		66		100		85		77		75		119		74		150		87		55		80		66		37

		wt within komment		1		3		13		20		0		5		5		0		17		2		21		1		31		2		0		27		1

		WORKING THEORY		58		92		37		69		66		95		80		77		58		117		53		149		56		53		80		39		36

		scient expl all		10		8		11		1		5		18		9		20		32		44		8		22		3		1		14		8		10

		sciexpl within komment		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		3		0

		SCIENTIFIC EXPLANATION		10		8		11		1		5		18		9		20		31		44		8		22		3		1		14		5		10

		metacomm all		7		63		13		23		12		10		17		8		24		54		11		60		36		9		7		5		26

		meta within komment		6		20		2		9		6		3		10		8		19		17		7		14		19		9		6		1		22

		METACOMMENT		1		43		11		14		6		7		7		0		5		37		4		46		17		0		1		4		4

		refe to participant all		4		2		2		2		0		2		6		0		4		1		13		0		2		0		0		3		2

		ref part within komment		4		2		2		2		0		2		6		0		4		1		13		0		2		0		0		3		2

		REFERENCE TO PARTICIPANT		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		refe to lecture all		1		5		11		1		0		0		10		0		6		8		7		16		3		0		7		1		2

		ref lect within komment		0		0		0		0		0		0		0		0		1		0		1		0		0		0		0		0		0

		REFERENCE TO LECTURE		1		5		11		1		0		0		10		0		5		8		6		16		3		0		7		1		2

		comparison groups

		code		1		2		3		4		5		6		7		20		24		26		27		28		29		30		31		32		33		total

		PROMLEM		0		17		10		20		2		2		4		5		8		60		17		16		27		4		3		8		9		212

		WORKING THEORY		58		92		37		69		66		95		80		77		58		117		53		149		56		53		80		39		36		1215

		SCIENTIFIC EXPLANATION		10		8		11		1		5		18		9		20		31		44		8		22		3		1		14		5		10		220

		METACOMMENT		1		43		11		14		6		7		7		0		5		0		4		46		17		0		1		4		4		170

		REFERENCE TO PARTICIPANT		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		REFERENCE TO LECTURE		1		5		11		1		0		0		10		0		5		8		6		16		3		0		7		1		2		76		1893

		total		70		165		80		105		79		122		110		102		107		229		88		249		106		58		105		57		61		1893

		code		comp1		comp2		comp3						total

		PROMLEM		51		110		51						212

		WORKING THEORY		417		534		264						1215

		SCIENTIFIC EXPLANATION		53		134		33						220

		METACOMMENT		82		62		26						170

		REFERENCE TO PARTICIPANT		0		0		0

		REFERENCE TO LECTURE		18		45		13						76

		total												1893

						problems		working theories		scientific explanations		metacomments		quote of other participant		reference to lecture						total

				comp3		51		264		33		26		0		13						387

				comp2		110		534		134		62		0		45						885

				comp1		51		417		53		82		0		18						621		1893

				fle3		85		167		11		79		68		,						410

				fle2		139		267		51		89		63		,						609

				fle1		64		123		78		55		14		,						334		1353

				total		500		1772		360		393		145		76				3246		3246

						problems		%		working theories		%		scientific explanations		%		metacomments		%		quote of other participant		reference to lecture		%				total

				comp3		51		13.1782945736		264		68.2170542636		33		8.5271317829		26		6.7183462532		0		13		3.3591731266				387						100

				comp2		110		12.4293785311		534		60.3389830508		134		15.1412429379		62		7.0056497175		0		45		5.0847457627				885						100

				comp1		51		8.2125603865		417		67.1497584541		53		8.5346215781		82		13.2045088567		0		18		2.8985507246				621		1893				100

				fle3		85		20.7317073171		167		40.7317073171		11		2.6829268293		79		19.2682926829		68		,		16.5853658537				410						100

				fle2		139		22.8243021346		267		43.842364532		51		8.3743842365		89		14.6141215107		63		,		10.3448275862				609						100

				fle1		64		19.1616766467		123		36.8263473054		78		23.3532934132		55		16.4670658683		14		,		4.1916167665				334		1353				100

				total		500				1772				360				393				145		76				3246				3246
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		comp3		51		13.1782945736		264		68.2170542636		33		8.5271317829		26		6.7183462532		0		13		3.3591731266		387
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		comp1		51		8.2125603865		417		67.1497584541		53		8.5346215781		82		13.2045088567		0		18		2.8985507246		621
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