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10Abstract This paper aims to better understand the development of students’ metacognitive
11learning processes when participating actively in a CSCL system called KnowCat. To this
12end, a longitudinal case study was designed, in which 18 university students took part in a
1312-month (two semesters) learning project. The students followed an instructional process,
14using specific features of the KnowCat design to support and improve their interaction
15processes, especially peer-learning processes. Our research involved both supervising the
16students’ collaborative learning processes throughout the learning project and focusing our
17analysis on the qualitative evolution of their interaction processes and of their
18metacognitive learning processes. The results of the current research suggest that the
19pedagogical use of the KnowCat system may favour and improve the development of the
20students’ metacognitive learning processes. In addition, the implications of the design of
21CSCL networks and related pedagogical issues are discussed.

22Keywords Metacognitive learning . Self-Regulated learning . Peer interaction .

23Peer scaffolding . Qualitative research
24

25Introduction

26The evolution of technology and the explosion in the design of specific collaborative
27software has assisted in designing CSCL networks. Recent studies have revealed that
28appropriate pedagogical use of CSCL environments can facilitate a natural setting for
29explanation, knowledge articulation, argumentation, and other demanding cognitive
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30activities that can foster higher-level processes of inquiry-based interaction ( Q1Hakkarainen et
31al. 2002; Weinberger and Fischer 2006).
32Although CSCL could support communication and collaboration learning processes,
33neither research nor field observations consistently confirm that they actually work (Kreijns
34et al. 2003; Häkkinen et al. 2004). Among the factors that may cause this discrepancy, the
35following three are highlighted:

36a) Computer-supported collaborative processes are over-generalized and simplified in
37many studies.
38b) There is an assumption that a high level of interaction will automatically happen in a
39CSCL environment, although many studies report that discussion threads are short,
40participation rates are low, and interactions deal with descriptive and surface-level
41knowledge instead of finding deeper explanations for the phenomena under study.
42c) It is taken for granted that social interaction will automatically occur just because
43technology allows it (Häkkinen et al. 2004).

44
45Technology enables new ways of working collaboratively with knowledge, but these
46possibilities also call for the development of higher-order thinking skills among
47participants. Metacognitive skills related to strategy use, planning, monitoring, and
48regulating the learning processes necessary to accomplish a collaborative task are central
49to taking full advantage of the benefits of computer-supported learning environments.
50Recent research has also focused on the characteristics of the students, their tasks, scaffolds,
51and learning environments and how these characteristics may relate to the development of
52the students’ metacognitive skills with computer-supported learning (Winter et al. 2008).
53This line of research highlights the necessity to understand both the role of metacognitive
54skills in computer-supported collaborative settings and the pedagogical variables that could
55have the potential to support students in the development of metacognitive skills (Hadwin
56et al. 2005; Azevedo and Jacobson 2008).
57In view of this, this research study focuses on the analysis of the students’ development
58of metacognitive processes in the context of joint learning activities supported by a
59knowledge-building environment called KnowCat (Alamán and Cobos 1999; Cobos 2003).
60Specifically, this paper examines the evolution of scaffolding metacognitive processes
61among peers when they collaboratively solve a task supported by KnowCat and when they
62were instructed to help each other to use the best learning processes to carry out
63successfully a specific collaborative computer-supported activity.

64Background: The development of metacognitive learning processes in collaborative
65learning environments

66Recent educational research focuses on the value of specific cognitive and metacognitive
67processes that students acquire while working in electronic discussion groups on
68collaboration tasks (Schellens and Valcke 2005; Van Joolingen et al. 2007). In educational
69literature, many references claim that the development of metacognitive learning activities
70is essential to the explanation of successful learning because it enables individuals to direct
71the overall cognitive activity, managing and controlling their cognitive activities in order to
72solve specific problems (Flavell 1992; Q2Pintrich and García 1994; Schraw 1989).
73Metacognition is a complex psychological concept, but researchers agree that it concerns
74metacognitive knowledge as well as metacognitive skills. Metacognitive knowledge can be
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75defined as knowledge concerning one’s own metacognitive skills and products or anything
76related to them. Metacognitive skills determine the extent to which students set goals for
77this learning and then attempt to plan, monitor, and control their cognition, motivation, and
78behaviour (Brown 1987; Flavell 1992).
79In this paper, we will focus on studying the processes related to the second dimension of
80metacognition that students develop while they actively participate in a CSCL environment.
81In this study, the definition of metacognitive skills emphasizes the presence of self-
82regulation components related to planning, monitoring, controlling, and using strategies
83(Moos and Azevedo 2008) to solve a collaborative task. These regulation components have
84been highlighted as important for leaning in computer-supported environments (Hadwin et
85al. 2005; Azevedo and Jacobson 2008).
86Research on metacognition has produced information on how an individual uses
87metacognitive knowledge and metacognitive skills to become aware of his thinking and to
88exert control over his own cognitive actions (e.g., Brown et al. 1983; Flavell 1992; Schraw
891989). An emphasis on the social aspects of learning allows researchers to expand the
90theories of metacognitive processes and to view metacognition not only as an individual
91activity, but also as an essential part of socially shared discussions. Recent research on
92metacognition indicates that others (both adults and peers) play a central role, which
93suggests that metacognition is a part of the collaborative-learning process. Here,
94metacognition regulation is considered as a group-level activity as well as an individual
95performance (Goos et al. 2002; Zimmerman 2000).
96The foundations of viewing metacognition as part of the collaborative learning situation
97could be grounded on the theoretical idea of socially shared cognition, in which thinking and
98cognition are seen as social practices. It is argued that thinking can be regarded as a socio-
99cognitive activity in which thinking and cognition can be shared through the learning
100environment among participants (Resnick et al. 1993). A key feature of a social-cognitive
101model of metacognition is the interdependent roles of social, environmental, and self
102influences (Zimmerman 2000). The social context that supports and frames the learning task
103becomes a core mechanism to understand the development of students’ self-regulation
104processes related to task definition, goal setting, planning, enacting, and evaluation (Hadwin
105et al. 2005).
106The social environment is viewed by social-cognitive researchers as a resource for self-
107enhancing forethought, performance, volitional control, and self-reflection. Therefore, the
108successful completion of tasks involves personal perceptions and efficacy, as well as
109environmental conditions such as support and task feedback from others. From this
110perspective, scaffolding is a primary mechanism for enhancing the development of self-
111regulation processes. It is hypothesized that self-regulatory processes exist first at the social
112level, where students interact with adults and others who provide modelling, instruction,
113social guidance, and feedback. The students can subsequently internalize these behaviours
114at the individual level (Gallimore and Tharpe 1990). A scaffold has traditionally been
115defined as the intentional assistance provided to the “other” for learning ends. Scaffolding
116also involves two additional mechanisms. First, scaffolding involves the gradual withdrawal
117of the master’s control and support as a function of the student’s increasing mastery of a
118given task. A second mechanism involves creating intersubjectivity by constructing
119rationales and explanations of plans, goals, and activities (Gallimore and Tharpe 1990).
120Many researchers have demonstrated that when students and teachers are involved in
121shared tasks in which shared responsibility for regulating learning and tasks takes place and
122in which appropriate scaffolds emerge, students begin to develop realistic self-regulation
123processes and products (Hadwin et al. 2005).
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124Expanding on these ideas, it is hypothesized that in networked collaborative learning
125environments with an appropriate CSCL pedagogical model, there are metacognitive
126processes that can be stimulated by peers (Hurme et al. 2006). It follows, then, that CSCL
127environments might provide effective tools to share task resolution and to enhance scaffolding
128mechanisms. In recent design research on interactive learning environments, this notion of
129scaffolding has been generalized to refer to aspects based on software tools to assist learners in
130making progress on task solving (Reiser et al. 2001). In the design of interactive learning
131environments, two situations to scaffold learners in task solving may be found:

132a) A situation whereby a software program provides additional assistance to help a learner
133accomplish a specific task. For example, the software might provide prompts to encourage
134students to take steps, or supply a graphical organizer to help students plan and monitor their
135problem-solving process or offer representations that help learners track the steps taken in
136the problem-solving process ( Q3Azevedo et al. 2004; Kramarski and Mizrachi 2006).
137b) A situation whereby students use software tools to provide each other with explicit
138assistance to accomplish a specific task. CSCL enables students to work collaboratively
139with knowledge objects, see online fellows’ solutions, and provide them with specific
140widgets for explicit assistance to improve on their task through process solving and
141knowledge creation or through online discussions of how to solve the task.

142The software used in our research study tackles the latter scenario. KnowCat software
143enables students to collaborate by working with shared knowledge objects and to give each
144other assistance to improve and to construct collaboratively the shared knowledge.
145Our study is grounded on the hypothesis that students could benefit from computer-
146supported collaborative learning because they are using their metacognitive skills more actively
147in task solving—planning, organizing, and coordinating working processes; they are making
148visible and reflecting on the working process; they are managing social relations around shared
149objects and linking people (Minna et al. 2009). Furthermore, such skills are more visible and
150explicitly explained and communicated to other CSCL community members, who can be
151given suggestions and assistance with a view to improving their own work.
152Even though computer-based environments could engage students in collaborative
153learning activities, the role of metacognition in a collaborative framework supported by
154networked technology is not clear. As pointed out by some educational researchers, there is
155a need for research on how and what metacognitive learning processes evolve in computer-
156supported collaborative contexts and how others can scaffold these processes (Salovaara
1572005; Hadwin et al. 2005; Arvaja et al. 2007). The research study presented in this paper
158falls within this line of work. Our aim was to analyze how and what metacognitive skills
159related to planning, regulating, and monitoring task resolution evolve while students solve
160learning tasks using the specific collaborative knowledge-building software called
161KnowCat. Students collaboratively solved different learning tasks using KnowCat in two
162regular courses over a one-year project at the Universitat de Lleida (UdL, Spain). In our
163study, we designed a pedagogical use of KnowCat to improve scaffolding processes among
164equals. Students were instructed to monitor and model explicitly each other’s work as a
165strategy to improve their collaborative-learning processes and products. We examined
166changes in the metacognitive skills used to plan, regulate, and monitor students’ work from
167the beginning to the end of a long-term learning project.
168Our study started from the following research questions:

169& Does the pedagogical use of KnowCat support and increase the use of students’
170metacognitive skills?
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171& Which metacognitive skills do students develop during the resolution of the different
172collaborative tasks using KnowCat?
173& Do students’ metacognitive skills change from the beginning to the end of the learning
174project?

175

176KnowCat: The collaborative learning system

177KnowCat, an acronym for “Knowledge Catalyser,” is a knowledge-building environment,
178whose main purpose is to enable crystallisation of collective knowledge as a result of user
179interaction without an editor managing the task (Alamán and Cobos 1999; Cobos 2003). It
180was developed in 1998 and has been actively used since then at the Universidad Autónoma
181de Madrid (UAM) and since 2003 at the Universitat de Lleida (UdL) with several
182communities in higher education (see the studies and results presented in Pifarré and Cobos
1832009; Cobos and Pifarré 2008; Diez and Cobos 2007; and Cobos and Alamán 2002).
184KnowCat provides affordances for collaborative knowledge construction. It encourages
185communities to share their knowledge and, progressively, construct knowledge sites of
186reasonable quality. These knowledge sites, accessed through a specific URL, are organised
187around the following three knowledge elements:

188a) A knowledge tree: a hierarchical structure of topics, which facilitates the organization
189of the community knowledge.
190b) A set of documents contained in each topic, which provides alternative descriptions of the
191topic.
192c) A set of annotations contained in each document, which expresses explanations,
193comments, and opinions about the content document.

194
195In Fig. 1, we can see an illustrative screenshot of the “Instruction” KnowCat site.
196The users participate in the common task of constructing the community knowledge
197through the following main operations:

198a. Adding documents. A document reflects its author’s knowledge on a specific topic.
199Once a document is added to a topic of the knowledge tree, the document will compete
200against the others to become the best document on that particular topic. This
201competitive environment is achieved by the Knowledge Crystallisation mechanism of
202KnowCat (see below for details).
203b. Voting documents. A user can express through a vote his degree of satisfaction with a
204document.
205c. Adding an annotation to a document. A user contributes an annotation (note, for short)
206to a document in order to make suggestions and/or give comments or opinions. In our
207study, we used these notes as explicit scaffolding messages—that is, the assistance
208mentioned above. A note is composed of a text stating the type of assistance provided
209by the user to the author of the annotated document and a note type. The following is a
210detailed explanation of the note types supported by KnowCat:

211a. “Clarification” note: used to clarify some parts of the document. This note type is
212normally made by the author of the annotated document.
213b. “Support” note: used to express satisfaction with the document.
214c. Review” note: used to make suggestions about adding, removing, or changing
215some parts of the document, or to make comments on it. The note types for a
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216review note are the following five: 1) “Addition” note: used to suggest additions to
217the document; 2) “Delete” note: used to suggest deletions to the document; 3)
218“Correction” note: used to suggest changes to the document; 4) “Criticism” note:
219used to criticize the document; and 5) “Question” note: used to ask open questions
220about the document.
221d. Adding a new version of a document. The author of a document can contribute a new
222version of his/her document at any time.

223224The Knowledge Crystallisation mechanism takes into account the user’s opinions about
225the documents and the evolution of the opinions received to determine which documents
226are socially acceptable (in which case they remain in the knowledge site) and which are
227unsatisfactory (in which case they are removed from the knowledge site) (Cobos 2003).
228Whether or not a document is socially acceptable is determined by its “degree of
229acceptance” as calculated by the Knowledge Crystallisation mechanism. More specifically,
230the degree of acceptance of a document is formulated using the explicitly received opinions
231concerning the document: the received votes, how these votes were received, the received
232annotations and their respective types, and the implicitly received opinions regarding access
233to the document.
234As seen in Fig. 1, the knowledge tree is shown on the left of the screen. The right side of
235the screen shows the documents for the selected topic “Learning Strategies: Conceptualiza-
236tion.” The documents are identified by the author’s name, arrival date, and title. They are
237ordered according to their degree of acceptance, which is shown to the right of the
238identification heading of each document (on the green-red bar). On the left side of the
239identification heading of each document are icons indicating whether a document has
240received notes and whether a new version of the document is available. For example, the
241document identified by “RAQUEL L S … [19/11/2003] (PRACTICA 1. Estrategias de
242Aprendizaje) [Practical work 1. Learning Strategies])” shows the highest degree of acceptance
243on the selected topic. This document has received notes and a new proposal of a document
244version—as shown by the corresponding icons.

Fig. 1 Example screenshot of the “Instruction” KnowCat site

M. Pifarre, R. Cobos
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245Research methodology

246Our study took the form of a longitudinal case study conducted in an authentic university
247environment. The purpose was to follow the students’metacognitive skills over a twelve-month
248learning project, by collecting and analyzing data during and at the end of the learning process.
249The study was conceived as a field study, which would allow us to better understand the
250complex factors involved in computer-mediated learning in university contexts. The study then
251analysed changes in metacognitive skills from the beginning to the end of the learning project.
252To achieve this, we registered and analyzed all student contributions in the KnowCat learning
253environment, and made use of a coding scheme which would allow comparison between initial
254(first semester) and final (second semester) qualitative and quantitative results.

255Participants

256Eighteen university students participated in the research. They used KnowCat during a two-
257term period in two regular university courses in the Psycho-pedagogy degree. Each course
258ran for 12 weeks totalling 160 h. The two courses were “Instructional Psychology” and
259“Learning Strategies.” The contents of both subjects were closely related in that the
260contents of “Learning Strategies” could be considered as part of “Instructional Psychology.”
261Two instructors participated in the study; both of them taught in “Instructional Psychology”
262and only one of them taught in “Learning Strategies.” Both courses shared the same
263pedagogical methodology, as explained in the next section.

264Intervention: Main pedagogical characteristics of the collaborative
265learning instructional environment

266A number of educational studies highlight the role of task or instructional characteristics in
267conveying a real collaboration and supported the development of metacognitive skills in
268computer-based environments (Moos and Azevedo 2006; Stahl et al. 2006). In order to
269design the collaborative tasks and the pedagogical use of KnowCat as a tool to scaffold
270metacognitive learning processes among peers, we built on the results of research into
271pedagogical and contextual settings, by taking into account the design of successful
272collaborative-learning environments. Among the pedagogical prerequisites, the following
273four can be highlighted, all of which have been taken into account in the design of our
274instructional process: a) the creation of common ground, b) the design of open-ended
275learning tasks and a goal-orientated approach, c) the facilitation of a student-centred
276education in which the role of the teacher is to guide the student’s knowledge construction,
277and d) the need to structure student collaboration (Arvaja et al. 2000; Stahl 2001, 2003;
278Woodruff 2001; Dillenbourg 2002). These pedagogical prerequisites were introduced in our
279study as follows:

280& We supported the creation of a common frame of reference before using the KnowCat
281system. One of the main tasks that students accomplish using KnowCat was related to
282peer-review processes. Students should read each other’s task resolution and give each
283other assistance to improve it. To help students in this task, both students and instructors
284shared and exchanged ideas about what to scaffold ( Q4Azevedo and Jacobson 2008). In
285particular, they were encouraged to create a social learning environment where students
286monitored and modelled each other’s application of cognitive and metacognitive
287strategies as part of their normal learning practice. As a result of this debate, the
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288instructors and the students jointly elaborated some guidelines to verify what the most
289relevant aspects in note-taking and peer-review processes were. The guidelines referred
290to the next five aspects: content adequacy, personal elaboration of the ideas,
291organisation of the ideas, presentation strategies, and conclusions. These guidelines
292aimed, on the one hand, to help the students think about how to elaborate, organize, and
293personalise their ideas in note-taking processes and write an appropriate piece of
294writing. On the other hand, they act as a script that would guide and structure the
295writing of the students’ scaffolds—for example, KnowCat notes—in order to help their
296classmates improve their written documents.
297& We used a student-centred approach and goal orientation. The pedagogical approach used in
298this study focused on problem-based, goal-oriented activities, increasing learning,
299competence, and performance as tools to guide students toward the use of more self-
300regulatory processes. There is vast empirical evidence that confirms the role of goal
301orientation in problem-based activities to promote self-regulated learning (Pintrich 2000).
302& We combined face-to-face meetings (25% of course time) with asynchronous and virtual
303work (75% of course time). Two instructional objectives were achieved in face-to-face
304meetings: a) to serve as master classes to teach specific course contents and b) to serve as
305support classes to negotiate with students how to use the KnowCat features to reach the
306common learning objective set out at the beginning of the study, namely, to help their fellow
307students improve their learning processes.
308& The collaborative KnowCat system was also used in neatly structured activities in which
309students shared the project’s common values and pedagogical goals. The collaborative tasks
310were coordinated in advance—that is, the tasks and the timetable were agreed on previously
311by instructors and students.
312& The main procedure of the students’ work with the KnowCat system was as follows: a)
313Students individually read some information about a specific topic course. b) The
314students wrote an individual report (document) about the topic and entered it into
315KnowCat. These reports contained a personal reflection on the content of the articles
316read, or suggested a personal solution to a specific problem. c) The students read a
317peer’s report and annotated it—that is, by giving assistance—in order to help a fellow
318classmate improve on it. As in peer-review process, students’ notes referred to strengths
319and weakness of each other’s work and gave assistance on how to improve it. For each
320individual topic, the students were asked to annotate a minimum of one classmate’s
321report and write at least three notes (these three notes could be done on one or more
322documents). During the study, the students were strongly encouraged to annotate the
323reports of different classmates. Despite this recommendation, the students’ documents
324received a different number of notes, but none of the students’ documents received less
325than three notes. d) The document’s author read the notes concerning his report, taking
326into account his classmate’s scaffolds, rewrote the report and entered it back into the
327system again. e) The students voted for the best document on a topic.

328
329Data analysis

330One of the most common trace methodologies to analyze students’ cognition while
331participating in a CSCL activity is the content analysis of the students’ notes posted in the
332system (De Wever et al. 2006; Naidu and Järvelä 2006). In our study, we registered all
333students’ note contributions. We carried out a detailed study on the content of the notes
334written by the students who participated in our study at two different time periods: One was
335made in the middle of the first semester with students who used the KnowCat system, and
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336the other, in the middle of the second semester. Both time periods correspond to two
337different topics, but both topics belong to a common discipline, Instructional Psychology.
338Both topics share the same pedagogical framework, the same learning objectives, and the
339same type of task: to construct knowledge from a theoretical topic. Furthermore, at both
340time periods, the students showed a high level of active and passive participation in the
341system (Veldhuis-Diermanse 2002). To be precise, we analysed 108 written notes during
342the first period and 87 during the second one.
343In our study, a coding scheme was used to study possible changes in the notes and in the
344metacognitive processes required in writing these notes, from the beginning (first semester) to
345the end (second semester) of the learning project. The coding scheme was based on the
346metacognitive skills developed by Veldhuis-Diermanse (2002), a schema used extensively by
347its creators to analyze computer-supported collaborative processes in higher education (e.g.,
348Laat and Lally 2003). This coding scheme analyzes the regulation of group processes aimed
349at stimulating collaborative learning and establishes three categories of metacognitive skills:

350– Planning, when students present or ask for an approach or procedure to carry out the
351task and fulfil their objectives of the task. This presentation is followed by an
352argumentation or an illustration. An example of this category is presented below:

353354I find the objectives set out appropriate but, before listing them, I would suggest you
355should write a schema of your intervention: objectives, teaching methods to use and
356learning evaluation procedures that would help to explain and understand how you
357would treat Joan’s learning difficulties.
358

359– Keeping clarity, when students ask for an explanation, synthesis of information,
360clarification, or illustration as a reaction to certain information in the document or a
361certain strategy used to solve the task. They give an example and/or add a new point to
362specific information. An example of this category is given below:

363364The activities you suggest are very specific and, therefore, an educator should
365supervise them, as they could be difficult to do in class with a class group. How
366would the teacher work with the child if he/she needs to take care of the whole class
367group? With small groups? Working on different corners of the class? You should
368clarify all these aspects.
369

370– Monitoring, when students monitor the original planning or aim. The students either
371mention the work done by their classmates and propose how to improve on it or they
372reflect on their own actions or certain contributions to the database. An example of this
373category is shown here:

374375I take this opportunity to thank you for the annotation on my planning, I have learned
376lots from it and I’ve also sorted some contents from your report. Thanks!
377

378379The coding process consists of two steps: a) dividing the messages into meaningful units
380(Creswell 1998) and b) assigning a code to each unit. We decided to segment the notes into
381units of meaning by using semantic features such as ideas, argument chains, and discussion
382topics, or by regulative activities such as making a plan, asking for an explanation, or
383explaining unclear information (Chi 1997; Laat and Lally 2003).
384To ensure objectivity in the coding process, validity and reliability aspects were
385considered in the study. Two evaluators of our research group with experience in this type
386of coding participated in the segmentation and categorization process. In the first step, the
387two evaluators categorised 5% of the total notes separately. In order to develop the coding
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388rules and achieve reliability, the evaluators negotiated those notes which were categorised
389differently. In the second step, the two evaluators categorised 25% of the total notes
390separately. The Cohen’s Kappa coefficient for both was as high as .87 (Lombard et al.
3912005). The rest of the notes were coded by the two evaluators separately. We analysed the
392data with the help of nVivo software (Qualitative Solutions and Research 2002).

393Results and discussion

394In our research, we designed a pedagogical use of KnowCat knowledge elements that
395emphasized the use of the KnowCat notes as improved scaffolds among peers and,
396therefore, in studying the presence of metacognitive skills, was related to planning,
397monitoring, regulating, and strategising use in these scaffolds. Our main study focus was
398analysing changes over a period of time in external regulative learning, which can help
399students to run group processes, to make plans aimed at successfully carrying out the task,
400to monitor their learning processes, and to assist each other in achieving learning ends.
401The first finding of our study is an increase in metacognitive skills over time. When
402analyzing the number of meaningful units referred to as metacognitive skills (total
403metacognitive skills in Table 1), we observed an increase in these skills in the second
404semester. A mean comparison test was run in SPSS software in order to analyze whether the
405improvement observed in metacognitive skills was statistically significant. The Wilcoxon
406matched-pairs signed ranks test showed a statistically significant difference (95% significant
407level) between the metacognitive skills observed during the first and second semester of our
408study (n=18, z=−2.46, p=0.014). Table 1 presents the main descriptive statistics.
409These results showed that metacognitive processes take place and they show an increase
410during the KnowCat collaborative learning project. Many studies report on how
411metacognitive learning activities could be developed by means of the pedagogical use of
412a CSCL environment (e.g., Järvelä and Niemivirta 2001; Kreijns et al. 2004; Hurme and
413Järvelä 2005). In order to achieve an in-depth analysis into this area, our study pursues a
414detailed analysis of the characteristics of the metacognitive skills developed during the
415KnowCat collaborative learning project and what changes can be seen as a result of
416students’ participation in the KnowCat learning project.
417When analyzing the results obtained by the students in the three subcategories of
418metacognitive skills defined in our study, the data showed that activities related to planning
419others’ work (“Planning” category) were the most frequent metacognitive skills in both
420semesters—see Fig. 2. In the “Planning” category, there were coded meaning units whereby

t1.1 Table 1 Total frequencies of the different metacognitive skills, mean and standard deviation of the data in
the two semesters

t1.2 Metacognitive
categories

1st Semester n=18 2nd Semester n=18 Wilcoxon
test

t1.3 Total
frequency

Mean Standard
deviation

Total
frequency

Mean Standard
deviation

t1.4 Planning 31 1.55 1.58 28 1.28 0.96 Z=−.466 p=.641

t1.5 Keeping Clarity 3 0.17 0.38 17 0.89 1.13 Z=−2.36 p=.018

t1.6 Monitoring 4 0.17 0.38 23 1.28 0.75 Z=−3.34 p=.001

t1.7 Total Metacognitive Skils 38 1.89 1.64 68 3.44 1.65 Z=−2.46 p=.014
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421students either asked for a new approach or procedure to carry out the task or students
422presented or illustrated a new approach or procedure to perform the task, such as:

423424When you talk about chronogram, you refer to the number of sessions per week and the
425type of activity (individual and in group) but you don’t specify which aspects youwill work
426on first, which ones you’ll work on next, etc. I mean the sequencing of the contents you’ll
427work on…My suggestion is to start from auditory-discrimination activities, then mobility
428activities, and then those that refer to preverbal language, i.e. perceptive, mobility-related,
429cognitive, with a view to satisfying initial conditions for language acquisition.
430

431As demonstrated in other studies, in our study students were aware of the importance of
432planning skills in regulating students’ learning and facilitating better task performance
433(Kramarski and Mizrachi 2006; Azevedo 2007). Students regulated their peers’ problem-
434solving processes by providing alternative procedures or solutions. Most of the students’
435notes consisted of reflections about how to solve the task more effectively, that is, which
436approach or procedure to carry out the task was the best one to accomplish the objectives of
437the task more effectively.
438Metacognitive skills related to planning-task resolution appeared as the most frequent
439strategies used by the students. This was true from the beginning of the learning project and
440did not increase during the experiment. Differences detected between the two semesters in
441the number of statements related to “planning” were not statistically significant by 95% (z=
442−0.466; p=0.641). One explanation for the “planning” strategies being the most frequent
443and stable in number during the learning project relates to the fact that the planning
444category is strongly related to task demands and task content. All these features are easier to
445debate and discuss in terms of the formal character of collaborative learning than in the
446context we designed, in which students were asked to help their classmates to rewrite and
447improve their documents about a topic course. This result is consistent with previous
448research, where planning strategies were enhanced in different computer-based learning
449environments and in different scaffolding conditions ( Q6Azevedo et al. 2004; De Jong et al.
4502005; Schellens and Valcke 2005.
451A relevant result obtained in our study is the increase over time of the “Keeping Clarity”
452category. This category increased significantly in the second semester by 95% (z=−2.360; p=

Fig. 2 Percentage of each metacognitive learning process in the two semesters of our study
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4530.018). This category consisted of students both asking for a better content structure of their
454classmate’s document and revising key points of their classmate’s work, for example,
455encouraging the other to continue with his/her work, asking for explanations, clarification,
456and illustration, or formulating a key point. The example below belongs to the latter category:

457458… For example, which professional works on the language area? Who does the
459intervention with the child?Who does the intervention on the family?Methodology used.
460

461The results of our study showed evidence that the students were active in monitoring their
462understanding and strategy use by asking questions. Previous research showed how asking each
463other questions and self-questioning constituted successful scaffolds in promoting the
464development of metacognitive skills (Kramarski and Gutman 2005; Kramarski and Mizrachi
4652006). In our study, the students’ increase in the number of scaffolds focused on asking their
466peers to improve, clarify, and reflect on such key task-solving processes as: comprehending
467the problem, connecting with prior and key knowledge, and reflecting on the solving
468processes. These kinds of scaffolds are referred to in previous studies as effective behaviour
469to enhance self-regulated learning ( Q7Azevedo et al. 2004; Van den Boom et al. 2004).
470Another relevant result of our study is that the data referring to monitoring activities also
471shows differences between the two semesters. Comparisons of the “monitoring” category
472between meaningful units written during the first and the second semester were statistically
473significant (z=−3.337; p=0.001). In the second semester, we observed an increase in
474activities related to co-regulation processes (Hadwin et al. 2005). In these processes,
475students shared the control of task resolution because they scaffolded each other’s work.
476They referred to their own resolution in order to provide assistance which could help their
477classmates to actively control and reflect on their own learning processes and products.
478Also, while regulating each other’s work—on the social level—students became more
479aware of their own learning and were able to self-regulate—on the individual level.
480Next, we show two examples of these co-regulation processes. In the first example, a
481student shows awareness of different perspectives in the resolution of the same task and this
482awareness helped her to justify and be aware of her learning:

483484I think we analyze this situation from a different viewpoint; I’ll tell you mine, see
485what you think of it... I give priority to working the language area, as J is the one who
486has more difficulties with it. Besides, I understand this point may be an obstacle to
487developing the rest of the areas. In other words, as J does not understand nor is he
488fluent, he does not interact adequately with his context (work behaviour) and this
489affects his emotional development (insecurity, low self-esteem, shyness...)
490

491A second example of the monitoring category shows how a student became aware that
492relevant information was missing from her task resolution through the evaluation of a
493classmate’s report:

494495I find the objectives set out appropriate. I think this is an aspect I hadn’t considered
496and, the way you set it out is really important.
497

498The increase in the number of metacognitive skills (which involve clarifying, monitoring
499and controlling each other’s work) achieved in this study is a step forward in metacognitive
500research, in that our results differ somewhat from previous studies (Hurme and Järvelä
5012005; De Jong et al. 2005). Our study reveals a higher increase in the students’ monitoring
502skills after their participation in a CSCL environment. The other studies reported regulated
503processes among students referring to maintaining common ground and using cognitive
504strategies, but little referring to monitoring.
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505From our point of view, the pedagogical use of KnowCat knowledge elements—
506documents and notes, and especially the use of KnowCat notes as a tool to direct peer
507assistance in task resolution—has been crucial in developing the students’ monitoring
508skills. Students tended to use the KnowCat knowledge elements as they were encouraged
509to: giving direct assistance to improve each other’s work. While revising their own activity
510(writing a document which describes adequately a specific topic with the help of interaction
511from peer documents and notes) in the collaborative learning environment, the students
512managed to monitor and supervise how their peers were working on the same task. The
513social interaction around knowledge artefacts was a rich resource to enhance the
514development of the students’ co-regulation processes related to sharing responsibility and
515control about what they have done and why. It provides leads to improve their work and
516stimulate self-reflection about what they have done.
517Moreover, educational research has shown that one benefit of participation in a CSCL
518environment is the fact that it requires students to construct and share explanations, which
519formulate their ideas or construct scaffolds that help others during the collaborative task
520(Ploetzer et al. 1999). Different studies highlight the fact that among the main character-
521istics of effective scaffolds are those that foster good behaviour—giving examples, asking
522for clarity and explanations, encouraging thinking for oneself, and helping in the transition
523from other- and self-regulation (Mercer and Fisher 1998; Rogoff 1990; Wersch et al. 1984).
524These features are included in the metacognitive skills developed by the students of our
525study because they improve significantly on the “keeping clarity” and “monitoring”
526categories, categories related to these features.
527In summary, the findings of the qualitative content analysis of computer notes describe
528the students’ networked interaction during the learning project. The results of our study
529illustrated how students used the KnowCat knowledge elements—documents and notes—to
530explicitly scaffold and monitor their learning. Over time, students increase the number of
531scaffolds related to monitoring, regulating, and controlling their problem-solving processes.
532From our point of view, the results of the current study illustrate how the pedagogical use of
533KnowCat knowledge elements, which emphasized reflection around shared knowledge
534objects, might have an effect on the students’ cognitive regulation, particularly in
535monitoring the learning processes. A growing body of research demonstrates the positive
536effects of CSCL on self-regulated learning. CSCL sets demands and provides unique tools
537for engaging in specific self-regulation processes and the positive incidence of these
538processes on the students’ learning results (Koschmann et al. 2001; Paris and Paris 2001;
539Salovaara 2005). These effects are reinforced when collaborative learning is applied to open
540and well-defined complex tasks embedded in an authentic learning context, as in our study.
541Solving these task types improves the effectiveness of social knowledge construction
542(Kreijns et al. 2003).

543Conclusions

544In this paper, we aimed at understanding the development of students’ metacognitive
545learning processes when participating actively in the collaborative knowledge-building
546system called KnowCat. In order to do so, our study applied a pedagogical use of the
547system in regular university courses during one academic year to develop teaching and
548learning processes in higher education. One of the main activities developed using
549KnowCat was to assist students’ construction of knowledge about a topic through reading
550and writing critical documents on specific topics. One of the main instructional objectives
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551of the CSCL instructional process was to assist in developing high quality collaborative
552learning processes among equals. To reach this objective, we made explicit use of the
553document annotation feature of KnowCat to improve peer scaffolds related with planning,
554monitoring, and regulating their problem-solving activity.
555The results presented in this study showed students used the KnowCat notes as they
556were encouraged to, namely as explicit scaffolds to help each other use the best learning
557processes to successfully solve the collaborative task. Students increased the presence of
558metacognitive skills in their notes from the beginning to the end of the learning project.
559From our point of view, students increased their awareness of the importance of planning,
560regulating, and monitoring their learning to reach a better collaborative task performance.
561Furthermore, students showed relevant changes in the kind of metacognitive skills used
562during their participation in the learning project. Students increased those metacognitive
563skills cited in the literature on tutoring as co-regulation processes (e.g., Person and Graesser
5641999; King 1999). In co-regulation processes, students share the responsibility for
565regulating learning and they attempt to indirectly regulate learning, as an intermediate
566stage to take full control of their own regulation. To do so, the educational literature
567highlights the relevance of students asking key questions, requesting information and
568elaborating on the task, devising goals and strategies to solve it, and reflecting about their
569own work. These metacognitive features were included in the definition of our “keeping
570clarity” and “monitoring” categories. Both categories increase over time in our study.
571From our point of view, the computer-supported collaborative task through shared
572knowledge—KnowCat documents and notes—and the explicit pedagogical use of
573KnowCat notes as improved scaffolds among equals proved to be effective to enhance
574social metacognitive regulation. In our study, students engaged in co-regulation processes,
575in which they shared control of task resolution and explicitly related it to their own and
576each other’s work.
577The results presented in this study have illustrated that the pedagogical use of KnowCat
578knowledge elements may support shared task resolution and enhance the development of
579metacognitive learning processes during peer interaction. From our point of view, the main
580design guidelines of KnowCat, which can be generalized to other CSCL systems, are:

581a) Document-based collaboration: The KnowCat knowledge organization into documents,
582which are, in turn, organized into a table of contents, has been useful as a mirror tool
583which provided students with different versions to solve the same task. Furthermore,
584the Knowledge Crystallisation mechanism controls the knowledge evolution and the
585quality of the knowledge elements in the communities’ sites.
586b) Opinion-based collaboration: The system supports different ways to express opinions of
587the users, specifically through votes and annotations. Empirical evidence has shown that
588the document’s annotations improve task-related assistance among peers (content and
589strategies).

590It should be noted that the results of the current study are based on a limited number of
591subjects and, therefore, the emphasis of the study is on qualitative findings. However, these
592results illustrate how the students’ participation in the KnowCat instructional process may
593have affected their metacognitive learning processes.
594The instructional process emphasised the students’ competencies related to analysis and
595review. These competencies are explicitly included in psycho-pedagogical studies. In order
596to generalize our results, we are planning the instructional use of KnowCat in other
597educational contexts whose purpose is to learn contents of other disciplines, in which
598analysis and review competencies are lateral rather than key issues.
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599The results obtained in this study show that the students can benefit from knowing about
600each other’s learning processes. In other words, and as expounded by Gross et al. (2005),
601members of work groups need information about one another, about shared elements, and
602about the group process (i.e., awareness of others).
603We find it necessary to improve the feedback of KnowCat through graphical information
604capable of acting as a metacognitive mirror of interaction processes (Jerman and
605Dillenbourg 2008). More specifically, we are considering an extension of KnowCat in
606order to provide its users with the following metacognitive widgets: i) a radar view in the
607knowledge tree, which could give concrete information about where and what the online
608users are doing in the system, ii) detailed and structured action histories for the registered
609users (what each participant has done in the community space), and iii) a graph which could
610show how the users annotate documents and the content of these notes (what notes have
611been posted, where new notes have been posted, what the notes are about).
612We are planning new research studies with student groups from both universities,
613Universidad Autónoma de Madrid and Universitat de Lleida. In these studies, the new
614knowledge elements will come into play and we will study how they can help KnowCat
615users and further the Knowledge Crystallisation process supported by the system.

616Acknowledgments This research was partly funded by the Spanish National Plan of R+D, project numbers,
617SEJ2006-12110, EDU2009-11656, and TIN2008-06596-C02-01; and by the AECID (Spanish Agency of
618International Cooperation for the Development) project number A/017436/08.

619

620References

621Alamán, X., & Cobos, R. (1999). KnowCat: a web application for knowledge organization. In P. P. Chen et
622al. (Eds.), Lecture notes in computer science (Vol. 1727, pp. 348–359). New York: Springer.
623Arvaja, M., Häkkinen, P., Eteläpelto, A., & Rasku-Puttone, N. (2000). Collaborative processes during report
624writing of a science learning project: the nature of discourse as a function of task requirements.
625European Journal of Psychology of Education, 15(4), 455–466.
626Arvaja, M., Salovaara, H., Häkkinen, P., & Järvela, S. (2007). Combining individual and group-level
627perspectives for studying collaborative knowledge construction in context. Learning & Instruction, 17,
628448–459.
629Azevedo, R., & Jacobson, M. (2008). Advances in scaffolding learning with hypertext and hypermedia: a
630summary and critical analysis. Education, Technology, Research and Development, 56, 93–100.
631Azevedo, R. (2007). Understanding the complex nature of self-regulatory processes in learning with
632computer-based learning environments: an introduction. Metacognition Learning, 2, 57–65.
633Azevedo, R., Cromley, J., & Seibert, D. (2004). Does adaptive scaffolding facilitate students’ ability to
634regulate their learning with hypermedia? Contemporary Educational Psychology, 29, 344–370.
635Brown, A. L. (1987). Metacognition, executive control, self-regulation and other mysterious mechanisms. In
636F. Weinert & R. Kluve (Eds.), Metacognition, motivation and understanding (pp. 65–116). Hillsdale:
637Lawrence Erlbaum Associates.
638Brown, A. L., Bransford, J., Ferrara, R., & Campione, J. (1983). Learning, remembering and understanding. In
639P. Mussen, J. H. Flavell, & E. M. Markman (Eds.), Handbook of child psychology (Vol. 3, pp. 77–166).
640New York: Wiley.
641Chi, M. T. H. (1997). Quantifying qualitative analyses of verbal data: a practical guide. Journal of the
642Learning Sciences, 6, 271–313.
643Cobos, R. (2003). Mecanismos para la cristalización del conocimiento, una propuesta mediante un sistema de
644trabajo colaborativo (Mechanisms for the Crystallisation of Knowledge, a proposal using a collaborative
645system). Doctoral dissertation. Universidad Autónoma de Madrid.
646Cobos, R., & Alamán, X. (2002). Creating e-books in a distributed and collaborative way. Journal of
647Electronic Library on Electronic Book for Education, 20(4), 288–295.
648Cobos, R., & Pifarré, M. (2008). Collaborative knowledge construction in the web supported by the
649KnowCat system. Computers & Education, 50, 962–978.
650Creswell, J. (1998). Qualitative inquiry and research design: Choosing among five traditions. London: Sage.

Q8

Computer-Supported Collaborative Learning

JrnlID 11412_ArtID 9084_Proof# 1 - 20/03/2010



AUTHOR'S PROOF

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

651De Jong, F., Kollöffel, B., van der Meijden, H., Staarman, J. K., & Janssen, J. (2005). Regulative processes in
652individual, 3D and computer-supported cooperative learning contexts.Computers in Human Behavior, 21(4),
653645–670.
654De Wever, B., Schellens, T., Valcke, M., & Van Keer, H. (2006). Content analysis schemes to analyze
655transcripts of online asynchronous discussion groups: a review. Computers & Education, 46(1), 6–28.
656Diez, F., & Cobos, R. (2007). A case study of a cooperative learning experience in artificial intelligence.
657Journal Computer Applications in Engineering Education, 15(4), 308–316.
658Dillenbourg, P. (2002). Over-scripting CSCL: the risks of blending collaborative learning with instructional
659design. In P. A. Kirschner (Ed.), Three worlds of CSCL. Can we support CSCL (pp. 61–91). Heerlen:
660Open Universiteit Nederland.
661Flavell, J. H. (1992). Metacognition and cognitive monitoring: a new area of cognitive-developmental
662inquiry. In T. O. Nelson (Ed.), Metacognition. Core readings (pp. 3–8). Boston: Allyn and Bacon.
663Gallimore, R., & Tharpe, R. (1990). Teaching mind in society: teaching schooling and literate discourse. In
664L. C. Moll (Ed.), Vygotsky and education: Instructional implications and application of sociohistorical
665psychology (pp. 175–205). New York: Cambridge University Press.
666Goos, M., Galbraith, P., & Renshaw, P. (2002). Socially mediated metacognition. Creating collaborative zones of
667proximal development in small group problem solving. Education Studies in Mathematics, 49(2), 193–223.
668Gross, T., Stary, C., & Totter, A. (2005). User-centered awareness in computer-supported cooperative work-
669systems: Structured embedding of findings from social sciences. International Journal of Human-Computer
670Interaction, 18(3), 323–360.
671Hadwin, A. F., Wozney, L., & Pontin, O. (2005). Scaffolding the appropriation of self-regulatory activity: a
672socio-cultural analysis of changes in teacher-student discourse about a graduate research portfolio.
673Instructional Science, 33, 413–450.
674Hakkarainen, K., Lipponen, L., & Järvelä, S. (2002). Epistemology of inquiry and computer-supported
675collaborative learning. In T. Koshman, R. Hall, & N. Miyake (Eds.), CSCL2: Carrying forward the
676conversation (pp. 129–156). Mahwah: Lawrence Erlbaum Associates.
677Häkkinen, P., Arvaja, M., & Mäkitalo, K. (2004). Prerequisites for CSCL: research approaches,
678methodological challenges and pedagogical development. In K. Littleton, D. Faulkner, & D. Miell
679(Eds.), Learning to collaborate, collaborating to learn (pp. 161–175). New York: Nova Science
680Publishers, Inc.
681Hurme, T., & Järvelä, S. (2005). Students’ activity in computer-supported collaborative problem solving in
682mathematics. International Journal of Computers for Mathematical Learning, 10, 49–73.
683Hurme, T., Palone, T., & Järvelä, S. (2006). Metacognition in joint discussions: an analysis of the patterns of
684interaction and the metacognitive content of the networked discussions in mathematics. Metacognition
685Learning, 1, 181–200.
686Järvelä, S., & Niemivirta, M. (2001). Motivation in context: challenges and possibilities in studying the role
687of motivation in new pedagogical cultures. In S. Volet & S. Järvelä (Eds.), Motivation in learning
688contexts (pp. 105–127). Amsterdam: Elsevier.
689Jerman, P., & Dillenbourg, P. (2008). Group mirrors to support interaction regulation in collaborative
690problem solving. Computers & Education, 51, 279–296.
691King, A. (1999). Discourse patterns for mediating peer learning. Cognitive perspectives on peer learning.
692Mahwah: Lawrence Erlbaum Associates.
693Koschmann, T., Hall, R., & Miyake, N. (Eds.). (2001). CSCL2: Carrying forward the conversation.
694Mahwah: Lawrence Erlbaum Associates.
695Kramarski, B., & Gutman, M. (2005). How can self-regulated learning be supported in mathematical
696elearning environments? Journal of Computer Assisted Learning, 22(1), 24–33.
697Kramarski, B., & Mizrachi, N. (2006). Online discussion and self-regulated learning: effects of instructional
698methods on mathematical literacy. Journal of Educational Research, 99(4), 218–230.
699Kreijns, K., Kirschner, P. A., & Jochems, W. (2003). Identifying the pitfalls for social interaction in
700computer-supported collaborative learning environments: a review of research. Computers in Human
701Behavior, 19, 335–353.
702Kreijns, K., Kirschner, P. A., & Jochems, W. (2004). Determining sociability, social space, and social
703presence in (a)synchronous collaborative groups. Cyberpsychology & behavior: The impact of the
704Internet, multimedia and virtual reality on behavior and society, 7(2), 155–172.
705Laat, M., & Lally, V. (2003). Complexity, theory and praxis: researching collaborative learning and tutoring
706processes in a networked learning community. Instructional Science, 31, 7–39.
707Lombard, M., Snyder-Duch, J., & Campanella, Ch. (2005). Practical resources for assessing and reporting
708intercoder reliability in content analysis research projects. http://www.temple.edu/mmc/reliability/.
709Mercer, N., & Fisher, E. (1998). How do teachers help children to learn? An analysis of teachers’
710interventions in computer-based activities. In D. Faulkner, K. Littleton, & M. Woodhead (Eds.),
711Learning relationships in the classroom (pp. 111–130). London: Routledge.

M. Pifarre, R. Cobos

JrnlID 11412_ArtID 9084_Proof# 1 - 20/03/2010

http://www.temple.edu/mmc/reliability/


AUTHOR'S PROOF

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

712Minna, L., Sami, P., Kari, K., & Hanni, M. (2009). Main functionalities of the Knowledge Practices
713Environment (KPE) affording knowledge creation practices in education. In Proceedings of
714International Computer-Supported Collaborative Learning Conference, pp. 297–306. Greece.
715Moos, D., & Azevedo, R. (2008). Monitoring, planning and self-efficacy during learning with hypermedia:
716the impact of conceptual tools. Computer in Human Behavior, 24, 1686–1706.
717Moos, D. C., & Azevedo, R. (2006). The role of goal structure in undergraduates’ use of self-regulatory processes
718in two hypermedia learning tasks. Journal of Educational Multimedia and Hypermedia, 15(2), 49–86.
719Naidu, S., & Järvelä, S. (2006). Analyzing CMC content for what? Computers & Education, 46, 96–103.
720Paris, S. G., & Paris, A. H. (2001). Classroom applications of research on self-regulated learning. Educational
721Psychologist, 36, 89–101.
722Person, N. K., & Graesser, A. G. (1999). Evolution of discourse during cross-age tutoring. In A. M. O’Donnell
723(Ed.), Cognitive perspectives on peer learning (pp. 69–86). Mahwah: Lawrence Erlbaum Associates.
724Pifarré, M., & Cobos, C. (2009). Evaluation of the development of metacognitive knowledge supported by
725the KnowCat system. Journal of Education, Technology, Research and Development doi:10.1007/
726s11423-009-9118-9.
727Pintrich, P. (2000). The role of goal orientation in self-regulated learning. In M. Boekaerts, P. Pintrich, & M.
728Zeidner (Eds.), Handbook of self-regulation (pp. 452–506). San Diego: Academic.
729Pintrich, P. R., & García, T. (1994). Self-regulated learning in college students: knowledge, strategies and
730motivation. In P. Pintrich, D. Brown, & C. Weinstein (Eds.), Student motivation, cognition and learning
731(pp. 113–133). Hillsdale: Lawrence Erlbaum Associates.
732Ploetzer, R., Dillenbourg, P., Preier, M., & Traum, D. (1999). Learning by explaining to oneself and to
733others. In P. Dillenbourg (Ed.), Collaborative learning: Cognitive and computational approaches (pp.
734103–121). Amsterdam: Pergamon.
735Qualitative Solutions and Research (2002). QSR NUD*IST Vivo (NVivo) (Version 2.0). London: Sage.
736Reiser, B., Tabak, I., Sandoval, W. A., Smith, B. K., Steinmuller, F., & Leone, A. J. (2001). BGuILE: strategic and
737conceptual scaffolds for scientific inquiry in biology classrooms. In S. M. Carver & D. Klahr (Eds.),
738Cognition and instruction: Twenty-five years of progress (pp. 263–305). Mahwah: Erlbaum.
739Resnick, L. B., Lenive, J. M., & Teasley, S. D. (1993). Perspectives on socially shared cognition.
740Washington: American Psychological Association.
741Rogoff, B. (1990). Apprenticeship in thinking. Cognitive development in social context. New York: Oxford
742University Press.
743Salovaara, H. (2005). An exploration of students’ strategy use in inquiry-based computer-supported
744collaborative learning. Journal of Computer Assisted Learning, 21(1), 39–52.
745Schellens, T., & Valcke, M. (2005). Collaborative learning in asynchronous discussion groups: what about
746the impact on cognitive processing? Computers in Human Behavior, 21, 957–975.
747Schraw, G. (1989). Promoting general metacognitive awareness. Instructional Science, 26(1–2), 113–125.
748Stahl, E., Pieschl, S., & Bromme, R. (2006). Task complexity, epistemological beliefs, and metacognitive
749calibration: an exploratory study. Journal of Educational Computing Research, 35(4), 319–338.
750Stahl, G. (2001). Rediscovering CSCL. In T. Koshman, N. Miyake, & R. Hall (Eds.), CSCL2: Carrying
751forward the conversation. Mahwah: Erlbaum.
752Stahl, G. (2003). Building collaborative knowing: elements of a social theory of learning. In J. W. Strijbos, P.
753Kirschner, & R. Martens (Eds.), What we know about CSCL in higher education. Kluwer: London.
754Van den Boom, G., Paas, F., van Merriënboer, J. J. G., & van Gog, T. (2004). Reflection prompts and tutor
755feedback in a web-based learning environment: effects on students’ self-regulated learning competence.
756Computers in Human Behavior, 20(4), 551–567.
757Van Joolingen, W. R., de Jong, T., & Dimitrakopoulou, A. (2007). Issues in computer supported inquiry
758learning in science. Journal of Computer Assisted Learning, 23, 111–119.
759Veldhuis-Diermanse, A. E. (2002). CSCLearning? Participation, learning activities and knowledge
760construction in computer-supported collaborative learning in higher education. Doctoral dissertation.
761Veenendaal: Wageringen University.
762Weinberger, A., & Fischer, F. (2006). A framework to analyze argumentative knowledge construction in
763computer-supported collaborative learning. Computers & Education, 46(1), 71–95.
764Wersch, J., Minick, N., & Arms, F. (1984). The creation of context in joint problem solving. In B. Rogoff &
765J. Lave (Eds.), Everyday cognition: Its development in social context (pp. 151–171). Boston: Harvard
766University Press.
767Winter, F. I., Greene, J. A., & Costich, C. M. (2008). Self-regulation of learning within computer-based
768learning environments: a critical analysis. Educational Psychology Review, 20(4), 369–372.
769Woodruff, E. (2001). CSCL communities in post-secondary education and cross-cultural settings. In T.
770Koshman, N. Miyake, & R. Hall (Eds.), CSCL2: Carrying forward the conversation. Mahwah: Erlbaum.
771Zimmerman, B. (2000). Attaining self-regulation. A social cognitive perspective. In M. Boekarts, P. Pintrich,
772& M. Zeidner (Eds.), Handbook of self-regulation. San Diego: Academic.

773

Computer-Supported Collaborative Learning

JrnlID 11412_ArtID 9084_Proof# 1 - 20/03/2010

http://dx.doi.org/10.1007/s11423-009-9118-9
http://dx.doi.org/10.1007/s11423-009-9118-9


AUTHOR'S PROOF

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

AUTHOR QUERIES

AUTHOR PLEASE ANSWER ALL QUERIES.

Q1. The citation '2002' (original) has been changed to
'Hakkarainen et al., 2002'. Please check if appropriate.

Q2. The citation '1994' (original) has been changed to 'Pintrich and
García, 1994'. Please check if appropriate.

Q3. The citation 'Azevedo et al., 2005' (original) has been changed
to 'Azevedo et al., 2004'. Please check if appropriate.

Q4. The citation 'Azebedo and Jacobson 2008' (original) has been
changed to 'Azevedo and Jacobson, 2008'. Please check if
appropriate.

Q5. Please check if the output of the Figure 2, especially the fill
patterns if acceptable.

Q6. The citation 'Azebedo et al. 2004' (original) has been changed
to 'Azevedo et al., 2004'. Please check if appropriate.

Q7. The citation 'Azevedo and Cromley 2004' (original) has been
changed to 'Azevedo et al., 2004'. Please check if appropriate.

Q8. The citation 'Jermann and Dillenbourg 2008' (original) has
been changed to 'Jerman and Dillenbourg, 2008'. Please check
if appropriate.




