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Abstract: This study examined the relationship of idea improvement in knowledge-building 

practice with learning outcomes and the development of collaboration regulation. 

Questionnaires were administered to 70 university students engaged in project-based learning 

(PjBL) with a computer-supported collaborative learning (CSCL) environment for evaluating 

students’ metacognitive knowledge and skills of regulation before and after their PjBL. Their 

final poster presentations were assessed as learning outcomes. To identify idea improvement, 

socio-semantic network analysis was applied to the CSCL discourse. Their discourse topics 

were identified through clustering analysis of the temporal changes in the degree centralities of 

word networks. Finally, multi-regression analyses were performed to develop models to predict 

learning outcomes and regulation development from discourse topics. Results revealed that the 

learning outcome was higher when learners engaged in the appropriate idea improvement and 

that learners’ collaboration regulation develops through their engagement in collaborative 

monitoring. 

Theoretical background and research purpose 

Analysis of the idea improvement process: The development of a socio-semantic 
network analysis of discourse 
The knowledge-building (kb) community has been a representative model of learning as knowledge-creation for 

decades in the learning sciences (Scardamalia & Bereiter, 2014). In kb practice, learners engage in sharing their 

ideas, making judgments of their idea promisingness, and further searching for new information to improve the 

ideas. For evaluating idea improvement, we need to clarify: (1) How a group’s collective state of knowledge can 

be represented, and (2) how its dynamic change of state is represented over time (Oshima et al., 2012).  

One direction of research in such development is Knowledge-Building Discourse Explorer (KBDeX) 

(Oshima et al., 2012). KBDeX can visualize the collective state of knowledge as a network of vocabulary in 

discourse, allowing us to view its dynamic changes over time through conversation turns as a unit of analysis, 

thereby aiding visualization by displaying how ideas are connected in learners’ discourse. Since the first release 

of KBDeX in 2012, there have been several modifications of the algorithm to represent the collective state of 

knowledge in the discourse more accurately (e.g., Kawakubo et al., 2020). An issue is the computation to detect 

clusters of words in the vocabulary network. Kawakubo et al. (2020) developed an algorithm to detect discourse 

topics. They used temporal changes in the degree centralities (DCs) of words in discourse over a PjBL course in 

their clustering analysis. They assumed that students engaged in a variety of discourse topics related to their own 

ideas or others’, and that the clustering analysis of DCs of all the (noun) words rather than keywords could more 

appropriately represent students’ kb practices. They found that groups engaged in similar discourse topics, but 

high-learning-outcome groups were particularly involved in discourse topics regarding multiple ideas and 

warrants for their accepted ideas. In this study, we applied a modified algorithm that takes the temporality of the 

network into consideration to characterize idea improvements. 

Development of collaboration regulation as a goal of instruction 
In educational psychology, the mechanism of collaborative learning has been examined from the perspective of 

regulation. In a collaborative task, learners engage in three different layers of regulation: themselves, others, and 

the group as a whole (Hadwin et al., 2018). In the layer of self-regulated learning (SRL), learners regulate their 

own learning, not for individual performance but to contribute to group performance. In another layer, namely, 

co-regulated learning (CoRL), learners engage in regulation of others or by others. Learners consider ways in 

which their actions and interactions influence one another and the task by monitoring the task perception, goals, 

and standards of other group members. In the third layer, they collectively regulate their group cognition: This is 

socially shared regulation of learning (SSRL).  

Järvenojä et al. (2013) developed the “Adaptive Instrument for Regulation of Emotions” (AIRE) to 

identify how learners are involved in the three layers of regulation during collaboration. Their questionnaire 
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 covers 14 socio-emotional challenges that learners might face in their collaborative learning, including items 

asking learners which layer of emotion regulation they engaged in, and found that individual, shared, and other 

forms of regulation were used to maintain group work when students encountered a socio-emotional challenge in 

a teacher training program at a university. Although many studies have examined the development of learners’ 

regulation of collaboration from the perspective of the acquisition metaphor of learning, few studies have 

discussed the relation between the development of regulation and kb practices from the knowledge-creation 

perspective. In this study, therefore, we attempted to examine how learners develop their collaboration regulation 

through the idea improvement. 

Research purpose 
In this study, we examined the relationship of the idea improvement in kb practice with learners’ development of 

collaboration regulation, as well as learning outcomes. To this end, we proposed a new algorithm for the socio-

semantic network analysis to evaluate learners’ idea improvement. We further administered a questionnaire to 

assess learners’ metacognitive knowledge and skills of regulation in the pre- and post-test session so that we could 

examine its development. Finally, we developed models to predict learning outcomes and the development of 

regulation from their idea improvement using multi-regression analyses. 

Study design 

Study context 
Seventy university students (18 groups consisting of 3 to 4) engaged in group work to develop their original 

happiness indices in their PjBL course over 15 weeks. Students tried to propose new perspectives to create their 

original happiness indices over a six-week period (weeks 9–14). In week 15, the final week, students had a poster 

session in which they discussed their ideas with the other groups in the form of poster presentations. 

During weeks 9–14, students were instructed to report their idea improvement by writing down their 

progress in group activities and building their individual comments on their group notes each week in Knowledge 

Forum (Scardamalia & Bereiter, 2014), a computer-supported collaborative learning environment. In their group 

progress reports, they described the ideas they had considered, the criteria they had selected to evaluate their ideas, 

and how they had created and improved upon their ideas. In their individual notes, students reported their 

individual comments on the group activities by describing their thoughts on how to further improve their group 

ideas and what other ideas they might consider in the next week. 

Data and analysis 

Poster presentation as learning outcome 
Groups’ poster presentations were used as their learning outcomes. Four independent raters, including the authors, 

evaluated their poster presentations based on the following criteria, with five-point Likert scales: (1) 

appropriateness of the names of their indicators; (2) how well they described the unique natures of their proposed 

indicators; (3) how much evidence (data) was used to calculate their proposed indicators; (4) how well structured 

the data were to represent the nature of their proposed indicators; (5) how well their ranking of prefectures in 

Japan based on their indicators were explained; (6) how well their results were presented; and (7) how well they 

discussed their results of prefecture ranking. All the correlations across raters on their scores of the seven criteria 

were significant (rs = .53~.91, ps < .05). Scores by each rater were standardized, and average scores across raters 

were used as the groups’ learning outcomes. 

Questionnaire to assess students’ regulation in collaboration 
We asked students how they think of conflicts in groups in four typical contexts happening in collaboration and 

what they say to solve the conflicts in the questionnaire conducted in the first week (the pre-test) and a week after 

the final week (the post-test). Their thoughts on the conflicts were examined as their metacognitive knowledge 

about the conflict contexts and their discourse actions were examined as their skills to solve the conflict contexts. 

Two independent raters coded all the responses from the socio-cognitive and socio-emotional perspectives by the 

coding scheme from “no articulate understanding of the conflict in the scene” (score 1) to “recognition of the 

conflict based on appropriate understanding of both sides” (score 5) for metacognitive knowledge, and “no 

productive action was taken” (score 1) to “taking discourse actions to solve the conflict in the scene with 

appropriate understanding” (score 5) (Cohen’s Kappa = .77). The disagreements were resolved by discussion. The 

development scores of each student’s regulations in collaboration were calculated as the differences in pre-test 

and post-test scores. Group scores for development were calculated as the mean scores of group members. 
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 Socio-semantic network analysis (SSNA) and clustering analysis to detect temporal discourse topics 
To examine the idea improvement process in each group, we used all nouns to detect the discourse topics discussed 

during a jigsaw group activity. By using KBDeX, a socio-semantic network of vocabulary was created based on 

the co-occurrence of nouns. We calculated the degree centrality coefficient, a measure of the cohesiveness of a 

network structure, of each noun every time a new KF note was added, and examined the changes in its coefficient 

over time (Figure 1). Based on the datasets of temporal changes in coefficients, we further conducted a clustering 

analysis of nouns in each group with the Ward method. 

Figure 1. A socio-semantic network of vocabulary (left) and  

temporal changes in the degree centrality coefficients of vocabulary (right). 

Multi-regression analysis to develop models for predicting learning outcomes and regulation skills from 
temporal discourse topics 
We further conducted stepwise multi-regression analyses to develop models for predicting students’ learning 

outcome scores or regulation development scores from the scores of discourse topics. Standardized DCs of 

discourse topics were used as the discourse topic scores.  

Results 

Learning outcomes and development of regulation in collaboration 
The standardized scores of poster presentations by 18 groups ranged from 34.79 to 66.37. The scores for the 

development of regulation in collaboration were .06 (SD = .07) for socio-cognitive metaknowledge of the 

conflicts, .18 (SD = .11) for socio-cognitive skill, .13 (SD = .19) for socio-emotional metaknowledge, and .16 

(SD = .12) for socio-emotional skill.  

Detection of discourse topics in the idea improvement 
Clustering analyses of the nouns used in discourse based on temporal changes in DCs were performed to 

categorize all the nouns into discourse topics. In each group, nouns were categorized into seven topics: (1) 

presented idea, (2) topic related to the presented idea, (3) rejected idea, (4) warrant, (5) reflection, (6) report, 

and (7) preparation of presentation. 

Predictive models of learning outcomes and development of regulation in collaboration 
Stepwise multiple linear regression analyses were performed to develop models for predicting the learning 

outcome scores and four aspects of regulation development scores from the seven discourse topic metrics. For the 

learning outcome, discourse topics such as rejected idea, t(13) = 2.09, p < .10, warrant, t(13) = 2.67, p < .05, 

preparation, t(13) = −2.34, p < .05, and topic related to the presented idea, t(13) = -2.14, p < .10, were included 

as significant explaining variables to predict the learning outcome in the final model, F(4, 13) = 4.48, p < .05, 

adjusted R2 = .45. For the development of socio-cognitive knowledge, topic related to the presented idea, t(14) = 

3.16, p < .01, preparation, t(14) = 1.75, p = .10, and reflection, t(14) = −1.693, p = .11, were included in the final 

model, F(3, 14) = 7.60, p < .01, adjusted R2 = .54. For the development of socio-cognitive skills, only report, t(16) 

= −2.89, p = .11, was included in the final model, F(1, 16) = 8.35, p = .11, adjusted R2 = .30. For the development 

of socio-emotional knowledge, no topics were included and a predictive model was not created. For the 

development of socio-emotional skills, only report, t(16) = −1.894, p < .10, was included in the final model, F(1, 

16) = 3.59, p < .10, adjusted R2 = .13.
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 Discussion 

How the idea improvement process was related to the learning outcome 
Results revealed that three discourse topics were significantly related to the learning outcome. Having rejected 

ideas means that students discussed multiple ideas and made a judgment of idea promisingness. As discussed in 

a previous study (Kawakubo et al., 2020), having multiple ideas is the critical condition of idea improvement. It 

may be easier for learners to judge the promisingness of their ideas if they develop and compare multiple ones. 

Learners should not only have multiple ideas but also engage in the appropriate process of improving their selected 

ideas. The significant relation of the warrant to the learning outcome suggests that students engaged in discourse 

on how to make their ideas more robust and convincing by examining rationales and collecting evidence for their 

claims. Finally, the discourse topic of preparation was negatively correlated with high learning outcomes. Our 

further examination of the discourse revealed that high learning-outcome groups engaged in reporting a variety 

of issue for preparing their presentations and that the degree centralities of words in the network were 

consequently lower than those in low learning-outcome groups. 

How the idea improvement process was related to the development of regulation in 
collaboration 
First, in the models of both socio-cognitive and socio-emotional regulatory skills, only the report was found to be 

negatively correlated. The result may suggest that learners could develop their regulation skills when they had 

more fluent opportunities to discuss their group work.  

Second, in the model of metacognitive knowledge of socio-cognitive conflicts, topic related to the 

presented idea, preparation, and reflection, were found to be critical to predicting development. Topic related to 

the presented idea was a cluster of words representing a variety of vocabularies discussed around the idea. 

Preparation was a cluster of words used in reporting their preparations for their final presentations. Reflection 

was a cluster of words used in individual reflection notes on their group progress, and the discourse topic was 

negatively correlated to the regulation development. The results suggest that learners could develop their 

metacognitive knowledge of socio-cognitive conflicts if they engaged in intensive and productive group work as 

an object for them to reflect on. In other words, engagement in good group work and intentionally rich reflection 

on the work are necessary conditions for learners to successfully develop their metacognitive knowledge of socio-

cognitive conflicts.  
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