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Introduction
Grounded upon the social perspective of learning (Vygotsky, 1978), computer-sup-
ported collaborative learning (CSCL) emphasizes small groups of people’s collabora-
tion practices in coordinated activities to maintain mutual understandings, to advance 
joint meaning-making, and to create new knowledge and artifacts (Dillenbourg, 1999; 
Goodyear et al., 2014; Roschelle & Teasley, 1995). As one of the CSCL modes, collabora-
tive problem-solving (CPS) engages people to work in groups to solve problems that are 
often open-ended and ill-structured, and beyond the existing skills and abilities of the 
individual learner (Brown et  al., 1989; Kapur, 2008; Scardamalia & Bereiter, 2006). To 
facilitate a high quality of CPS, instructional scaffoldings, e.g., minimally guided instruc-
tion, task-oriented scaffolding, and idea-oriented scaffolding, are commonly used. How-
ever, previous empirical results varied about the effectiveness and efficiency of different 
instructional scaffoldings on collaborative learning practices (Hmelo-Silver & DeSimone, 
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2013; Kirschner et al., 2006; Stahl, 2009). From the research perspective, one of the rea-
sons that result in the different conclusions owing to the complex, multi-dimensional 
characteristics of the collaborative learning activity, but most studies merely focus on 
one or two dimensions of the collaborative processes (Janssen et al., 2013). Filling the 
research and practice gaps, we designed a quasi-experiment research to provide groups 
with the minimally-guided, task-oriented, and idea-oriented scaffoldings during online 
CPS activities in China’s higher education. To better understand the effect of scaffold-
ings, we conducted a fine-grained, multidimensional analysis of the CPS process with 
a multi-method approach. Specifically, student groups’ collaborations were examined 
from the social, cognitive, metacognitive, behavioral, and temporal dimensions, sup-
plemented with the analyses of groups’ collaborative products and students’ perceptions 
about collaboration. Based on the empirical research results, we provided pedagogical 
implications that help foster online collaborative problem-solving.

Literature review
Collaborative problem‑solving processes

CSCL focuses on the collaborating groups’ meaning-making practices with the design 
and support of technological artifacts to mediate interactions and communications 
(Hmelo-Silver, 2004; Hmelo-Silver & DeSimone, 2013; Stahl, 2009). CPS, as one of the 
main CSCL modes, has been widely used in schools to improve student learning and 
performance (Kapur, 2008). CPS is defined as a group of learners building mutual under-
standings of a shared problem, pooling together their expertise, skills, and efforts, and 
come up with a final solution for the problem (Barron, 2000; Fiore et al., 2017; Hmelo-sil-
ver, 2004). CPS typically situates learning in solving real-world authentic, ill-structured 
problems, encourages students to create group knowledge, and develops responsibilities, 
self-regulation and collaboration skills for learning (Hmelo-Silver & DeSimone, 2013; 
Jonassen, 1997; Salomon, 1993). CPS has been widely used in K-12, higher education, 
and informal learning to improve students’ learning quality (e.g., Avry et al., 2020; Chang 
et al., 2017; Hong et al., 2011).

CPS is a complex, multidimensional, and multilevel practice that needs students’ coor-
dination of the social, cognitive, metacognitive, and behavioral activities in a temporal 
fashion (Fiore et al., 2017; Hmelo-Silver & DeSimone, 2013; Stahl, 2009). First, CPS can-
not be completed with a low level of social interaction and participation (Stahl, 2009). 
The group of students must participate in the social practices and interact with each 
other to jointly solve problems (Hakkarainen et al., 2013). Next, cognitive engagement to 
solve the ill-structured problems usually needs students’ exploration and understanding 
of the problem, proposition, and justification of the solutions, and the sustained devel-
opment of new ideas and artifacts in the groups (Hakkarainen et al., 2013; Paavola et al., 
2004; Scardamalia & Bereiter, 2006). Third, on the behavioral dimension, students need 
to take actions to externalize their knowledge in artifacts (e.g., concept map, writing doc-
ument) and refer to peers’ behavior to coordinate their group activity and optimize the 
knowledge artifacts (Stahl, 2017). Moreover, to succeed in the group collaboration, stu-
dents need to negotiate what to achieve as a group, plan, and implement problem-solv-
ing strategies, and monitor and reflect on the working progress (Järvelä & Hadwin, 2013; 
Winne et  al., 2013). And the social, cognitive, behavioral, and metacognitive activities 
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unfold in a time frame that enable students to coordinate their interactions, cognition, 
and actions to complete a high quality collaboration (Kapur, 2011; Lämsä et al., 2020).

Effects of instructional scaffoldings

Different instructional strategies to scaffold the CPS processes have been implemented 
and studied. In general, scaffolding refers to a process in which an agent (e.g., the 
instructor, a peer and/or a computer system) helps a learner to complete the tasks that 
are challenging for the learner without any external assistance (Wood et  al., 1976). In 
this research, the instructional scaffolding refers to the instructor’s procedural support 
in an online collaborative environment that guides students to engage in the CPS pro-
cesses (see Hong & Lin, 2019). Because of the complex nature of CPS, although the min-
imally guided instruction is intuitively appealing for collaborative learning design, it may 
not always lead to desirable outcomes, such that instructors need to provide some forms 
of scaffoldings to support student collaboration (Hmelo-Silver & DeSimone, 2013; Hong 
& Lin, 2019; Kirschner et  al., 2006). The task-oriented and the idea-oriented instruc-
tions are two primary approaches the instructors can use (Hong, 2011; Hong & Lin, 
2019; Hong & Sullivan, 2009). In the task-oriented CPS activity, to achieve maximum 
efficiency of collaborative work, students are frequently asked to complete a project or 
solve a problem in the highly-structured group activities with some forms of group-
working techniques, such as division of labor and scripted role-playing (Hmelo-Silver, 
2004; Hong & Lin, 2019; Hong & Sullivan, 2009). For example, the task-oriented, role-
assigned Jigsaw instruction has been widely used to engage students work in the expert 
groups and the jigsaw groups to explore, share and synthesize knowledge (Oshima et al., 
2019). An alternative design of the CPS activity is based on the idea-centered collabora-
tion that sees ideas as the core for students to create and build on, which emphasizes 
less-scripted, and more flexible, self-organized interactions in groups (Hong, 2011; Hong 
& Sullivan, 2009; Zhang et al., 2009). For example, the idea-centered knowledge build-
ing pedagogy engages students work in the knowledge forum to post their problems, 
produce initial ideas for problem-solving, and connect, revise, and synthesize ideas 
(Hong, 2011). In summary, while the instructional scaffoldings can take varying forms 
(e.g., scripts, prompts, tools), the task-oriented and idea-oriented scaffoldings are two 
primary means the instructors can use to design and organize the CPS activity.

However, previous empirical research indicates complicated effects of the task-ori-
ented and idea-oriented scaffoldings on the collaborative learning processes and out-
comes. For example, Hong (2011) compared the conventional task-based collaborative 
learning using the Jigsaw instruction and the idea-centered collaborative knowledge 
building; results showed that engaging students in idea-centered collaboration bet-
ter enhanced their collaborative competencies, facilitated their peer interactions, and 
improved the idea improvement quality. However, some learning and instruction char-
acteristics overlapped: the routines and procedures were still the unavoidable parts in 
idea-oriented learning, while knowledge advancement also occurred in task-oriented 
learning (Hong, 2011). Wang et al. (2017) examined the effect of student collaboration 
in the concept-oriented task (involving sharing information and knowledge) and design-
oriented (involving task planning, monitoring and problem-solving) task; results showed 
that collaborative concept mapping functioned more effectively in the concept-oriented 
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task than the design-oriented task, in terms of promoting students’ question-asking and 
positive motivations. But there were no significant differences in other social, cognitive, 
and emotional dimensions. Baghaei et al. (2007) designed an intelligent tutoring system 
to provide task-based and collaboration-based feedback messages to groups; empirical 
results showed that the use of the task-based structure achieved similar effectiveness on 
learning as the collaboration-based structure. Lin and Chan (2018) compared two key 
epistemic patterns during knowledge building, namely problem-centered uptake and 
theory‐building moves; their analysis showed that the higher‐quality discourse threads 
included more problem-centered uptake moves in which ideas were built more coher-
ently on each other to address the central problem. Given the complexity, it is necessary 
to examine how different scaffoldings influence collaborative learning; in particular, a 
close examination of varied dimensions (i.e., social, cognitive, metacognitive, behavioral, 
and temporal) of CPS is critical for reaching a solid understanding.

The analytical framework and methods of the CPS processes

The CSCL field has been promoting the use of multiple analytical methods to under-
stand the complication of collaborative learning from the fine-grained, micro-level, and 
multi-dimensional perspectives (Borge & Mercier, 2019; Janssen et  al., 2013; Suthers 
et  al., 2013). More importantly, previous research in CSCL identifies primary dimen-
sions of online collaborative learning processes (including social, cognitive, metacogni-
tive, behavioral, and temporal) to assure students to effectively organize, coordinate, and 
contribute to the CSCL process in order to build group knowledge, solve collective prob-
lems, and achieve collective accomplishments (Garrison et al., 2000; Henri, 1992; Lämsä 
et al., 2020). Both qualitative and quantitative methods are used to reveal the interactions 
that can be attribute. On the one hand, the quantitative analysis approaches have been 
used to examine summative, sequential, temporal attributes of the group’s collaborative 
learning processes (Puntambekar, 2013). For example, the statistical analysis, sequential 
analysis, and social network analysis approaches have been used to investigate correla-
tions between collaborative variables (Zemel et al., 2009), sequences of students’ knowl-
edge contributions (Chen et al., 2017) and social interaction structures and participatory 
roles (Ouyang & Chang, 2019; Ouyang & Scharber, 2017), respectively. On the other 
hand, qualitative, ethnographic approaches (e.g., content or discourse analysis) have 
also been used to examine the micro-level turn-taking relevancies between the inter-
actional, behavioral, and cognitive activities (Stahl, 2009; Zemel & Koschmann, 2013). 
Hong et al. (2011) collected teacher students’ online discussions, survey responses, and 
interviews to investigate their interaction patterns, reflective patterns, and knowledge 
building perceptions. Moreover, the analysis of the temporal dimension is critical to 
reveal collaborative processes that may be overshadowed through quantitative “coding-
and-counting” approach (Chen et al., 2017; Kapur, 2011; Lämsä et al., 2020). Considering 
the multi-dimensional characteristics of CPS, merely focusing on one dimension of col-
laboration may cause inconclusive and incomprehensive results regarding the effects of 
instructional design; therefore, multiple analytical methods can complement each other 
in order to provide a more holistic, fine-grained analysis of the CPS process. Moreover, 
a better understanding of the effect of scaffoldings on the CPS process can improve the 
future pedagogical design, which is critical for facilitating a high-level quality of CPS.
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To advance research, analysis, and practice of CPS, this quasi-experiment research 
used the minimally-guided, task-oriented, and idea-oriented scaffoldings to facilitate 
the CPS activity, and used a multi-method approach to examine the main dimensions 
of CPS practices under three scaffolding conditions. In the following sections, we intro-
duced the research context, the analysis methods, procedures, and results and provide 
relevant implications.

Methodology
Research purpose and questions

To investigate the effect of different scaffoldings, we designed and facilitated collabo-
rative problem-solving activities in China’s higher education context with the support 
of an online technological platform. Our research question was: What were the differ-
ences of the effect of the minimally-guided, task-oriented, and idea-oriented scaffoldings 
on groups’ CPS processes?

Research context, participants and procedure

The research context was the online, synchronous CPS activity in China’s higher educa-
tion context. The CPS activity belonged to a graduate-level course titled Distance and 
Online Education, offered in the 2020 Spring semester (8  weeks) by the Educational 
Technology (ET) program at a top research-intensive university in China. The course 
instructor (the first author) designed and facilitated the CPS activity to engage small 
groups (triads) to solve authentic problems instructors would face in distance and online 
education during COVID-19. The instructor designed eight ill-structured, open-ended 
problem cases, covering different subjects, student ages, and educational contexts. Cases 
included the design of online teaching components, (a) synchronous discussions, col-
laborative projects for mathematics, programming, engineering, geography classes, etc. 
(see “Appendix A” for an example). A research consent form was sent through the ET 
program’s social media (WeChat group) to invite students to participate in the research. 
Ten participants voluntarily participated and agreed with the data collections; one par-
ticipant withdrew the participation in the middle of the semester, which was excluded 
from the research (see Table 1).

Table 1 Participant information

Participant Gender Age Status

Group A A1 Female 32 Graduated student

A2 Male 41 Part‑time Master student

A3 Male 25 Potential graduate student

Group B B1 Female 24 Full‑time Master student

B2 Female 36 Full‑time Ed.D. student

B3 Male 23 Full‑time Master student

Group C C1 Female 24 Potential graduate student

C2 Male 31 Full‑time Ph.D. student

C3 Female 27 Full‑time Master student
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The primary instructional design of the 8-week CPS activities followed the prob-
lem-based learning cycle (Hmelo-silver, 2004): students first analyzed the problem 
scenario, then identified the critical aspects or knowledge needed to be addressed for 
the problem, next generated possible solutions through the concept mapping func-
tion, and finally reflected on the knowledge applied and/or created during the pro-
cess. The problems were all ill-structured problems that did not have a fixed solution. 
The quasi-experiment design was structured into two phases (see Fig. 1). The first four 
weeks was designed as an initiation, warm-up phase for students to get familiar with 
the collaborative flow, online platform, and group work, because previous research 
indicated that Chinese students would be more used to learn with the highly-struc-
tured procedure rather than the open-ended, collaborative inquiry in small groups 
(Hong et  al., 2011; Ouyang et  al., 2020; Supanc et  al., 2017). The instructor’s basic 
scaffoldings (e.g., providing relevant resources, explaining the problem-based learn-
ing procedures, solving technique issues, and reminding the remaining time) were 
provided to all groups in the initiation phase. The last four weeks were the experi-
mental phase. There was one control group (i.e., Group A) with the minimal-guided 
scaffolding (MS), one experimental group (i.e., Group B) with the task-oriented scaf-
folding (TS), and another experimental group (i.e., Group C) with the idea-oriented 
scaffolding (IS) (see Fig.  1). Group A was the control group where students fol-
lowed the regular CPS practice as they did in the initiation phase, supported with 
the instructor’s minimal guidance. Group B was offered with the task-oriented scaf-
folding, through which the instructor provided suggestions about critical aspects to 
be addressed and corresponding sub-tasks for students to complete. The scaffolding 
was offered in audio and text by the instructor every 10 min through the online plat-
form. The prompts included The overarching goal is … as a group, we plan to complete 
the task with step 1…, step 2…, and step 3…, Our strategy is … to complete the task 
1/2/3…, Currently, we focus on the idea/question/solution of… What we have done 
well is … What we could improve is… Where we are now to achieve the goal… What we 

Fig. 1 The research procedure



Page 7 of 22Ouyang et al. Int J Educ Technol High Educ           (2021) 18:35  

need to do next to complete the goal is… Group C was offered with the idea-oriented 
scaffolding, through which the instructor asked students to identify their knowledge 
deficiency (i.e., the learning theories or instructional models that could underpin 
the problem-solving process) and explore and propose a theoretical or instructional 
framework to solve the problem. The scaffolding was offered in audio and text every 
10 min through the online platform. The prompts included: Is the current idea novel 
and interesting based on the framework? Can we improve the idea or framework in 
any way?, Is this idea workable?, Is this idea relevant?, Is this idea specific to the prob-
lem to be solved? The crucial difference between those two scaffoldings is that the 
idea-oriented scaffolding used the idea-centered knowledge building pedagogy to 
empower students create new solutions based on the theoretical or instructional 
framework they chose (Hong & Sullivan, 2009), while the task-oriented scaffolding 
merely reminder students to complete the concept mapping activity through multiple 
steps rather than focusing on idea-centered knowledge building.

The online platform Huiyizhuo (https:// www. huiyi zhuo. com/) was used to support the 
collaboration (see Fig. 2). Huiyizhuo provides text chatting, audio and video communica-
tion, concept map, note and comment, resource sharing, etc. In the CPS process, group 
members first communicated through audio and text chatting to determine how to pro-
ceed with the problem; then, groups shared resources, continued communications and 
constructed concept map to demonstrate their problem-solving processes; and finally 
wrote the groups’ solution proposal as a separated section on the platform. The concept 

Fig. 2 A group’s screenshot on the Huiyizhuo platform

https://www.huiyizhuo.com/
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map served as the main medium for participants to interpret the problem at hand, dis-
cuss and negotiate their understandings, present knowledge from multiple perspectives, 
identify misunderstandings and finally reach the group consensus of the solution (Engel-
mann & Hesse, 2010).

Data collection and analysis

The data was collected in three ways. The original data was the computer screen record-
ings with audio (about 1.5 h/group/week), supplemented with the groups’ concept maps, 
solution write-ups, and students’ questionnaire responses after each week’s CPS activity 
(see “Appendix B”). The original data (i.e., computer screen recordings with audio) was 
transcribed to 12 excel files (4 files for each group) that recorded students’ online dis-
courses and behaviors.

A multi-method approach was used to examine details of the groups’ collaboration 
from the social, cognitive, metacognitive and behavioral dimensions (see Table 2). First, 
social network analysis (SNA) was used to analyze the social characteristics that rep-
resented group interactions through oral communications and knowledge artifacts. 
The original data were transformed into a directed, weighted student–student network 
dataset. In the networks, the direction represented who responded to whom and built 
on whose work (i.e., bi-directional); tie weight represented the frequency of responses, 
replies and build-on work a participant makes to others (i.e., interaction frequency). We 
chose three network-level metrics to represent social characteristics, including the total 
interaction frequency, the average degree (calculated by outdegree and indegree with 
the Opsahl’s alpha of 0.5), the coefficient of variation (CV) of interaction (the standard 
deviation of student interaction frequency divided by its mean) (Opsahl, 2009; Ouyang, 

Table 2 The overall analytical framework

Data type Data Analytical methods Analytical purposes

Process data Computer screen recording 
data (with audio)

Social network analysis (SNA) To analyze peer interactions 
through oral communica‑
tions and constructions of 
concept map artifacts

Audio data Content analysis (CA) To analyze the cognitive and 
metacognitive dimensions 
of the discourses

Computer screen recording 
data

Clickstream analysis (CSA) To analyze the behavioral 
dimension of students’ 
online platform behaviors

Lag sequential analysis (LSA) To analyze transitions of cog‑
nitive, metacognitive, and 
behavioral dimensions

Performance data concept maps and solution 
write‑ups

Product analysis (PA) To analyze the final group 
products of concept maps 
and write‑ups based on 
previous validated assess‑
ment standards

Self‑reported data Post‑course questionnaire Statistical analysis (SA) To analyze student percep‑
tions about group col‑
laborative quality, student 
engagement level, and 
usefulness of the scaf‑
folding
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2021; Ouyang & Scharber, 2017). The total interaction frequency represents the group’s 
overall social interaction levels; average degree represents the average level of interaction 
frequency in a group; CV represents the unbalanced attributes of interactions between 
students in a group (e.g., a larger CV indicates a more unbalance interaction in a group).

Then, content analysis (CA) was used to examine the cognitive and metacognitive 
characteristics of three groups (see Table 2). Referring to a previous study (Ouyang & 
Chang, 2019), we used the CA approach to analyze the cognitive dimension that rep-
resented students’ knowledge contributions in the superficial, medium, and deep levels 
(see Table  3). Referring to the previous research (Malmberg et  al., 2017), we used the 
CA approach again to analyze the metacognitive dimension that represented students’ 
regulation of their collaborations. Three codes of the metacognitive dimension were task 
understanding, goal setting and planning, and monitoring and reflection (see Table 3). 
In the CA process, the unit of analysis was the sentence (i.e., a full sentence spoken by 
a participant). One sentence could be assigned to more than one code if the cognitive 
or metacognitive contributions occurred during student discourses. Next, we used the 
clickstream analysis (CSA) to analyze the behavioral dimension, including resource 
management, concept mapping and observation. The unit of analysis of the behavior was 
a participant’s mouse clicking or moving operation on the platform. We kept the cogni-
tive, metacognitive and behavioral codes for each group in the excel files according to the 
time framework.

It is worth mentioning the analysis process was iterative. The first author coded Week 
5’s transcribed data first and proposed an initial coding scheme. Then, other four authors 
re-recorded Week 5’s data in terms of the initial coding scheme, had multiple meetings 
to solve discrepancies, and came up with the final coding scheme (see Table 3). Krip-
pendorff’s (2004) alpha reliability was 0.735 among four authors at this phase’s analysis. 
Finally, all authors coded the whole dataset separately, cross-checked the analysis results, 
and consulted with the first author to solve discrepancies.

Finally, lag-sequential analysis (LSA) is used to examine the sequential contingencies 
of cognitive, metacognitive and behavioral events, including the direct (lag = 1) and indi-
rect (lag = 2) sequential transitions between codes (Chen et  al., 2017). We focused on 
the transitions between three different dimensions (i.e., cognitive, metacognitive, and 
behavioral) and between three different codes under each dimension (see Table 3). There 
were 9 possible transition patterns among three dimensions, as well as 9 possible transi-
tion patterns under each dimension. By checking the total dataset of 12 excel files, we 
guaranteed that a sufficient data volume included by checking that the total dataset was 
at least 10 times the number of transition cells (Lämsä et al., 2020). Here, we used the 
Yule’Q to calculate the strength a code transitioned to another code. Yule’s Q represents 
the strength of transitional association because it controls for base numbers of contribu-
tions and is descriptively useful (with a range from − 1 to + 1 and 0 indicating no associ-
ation). To detect the differences of groups’ patterns, we specifically examined three types 
of sequential transitions, including the transitions between three dimensions, between 
three codes under each dimension, and nine codes across three dimensions.

Complementary to the collaborative pattern analysis, we evaluated groups’ collabo-
rative performances and perceptions. The evaluations of concept map artifacts as the 
primary, complemented with the solution write-ups, were conducted as the group 
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performances. Adapting a previous assessment approach (Novak & Cañas, 2008), we 
used product analysis (PA) to assess the concept map in terms of three dimensions, i.e., 
propositions, hierarchy, and examples, and used the cognitive dimension in the coding 
scheme (see Table 3) to analyze the groups’ write-up scores. The unit of analysis was a 

Table 3 The analysis dimensions and descriptions

Dimension Code Description Examples

Cognitive Superficial (KS) A participant simply shares 
information, presents (dis)
agreement, asks questions, 
or seeks for clarifications, 
without explicit statement 
of his/her own ideas, argu‑
ments, or perspectives

What does it mean…?
Yes, I agree with you

Medium (KM) A participant elaborates his/
her own ideas, arguments, 
or perspectives without 
detailed explanations, sup‑
ports of resources, statistics 
or personal experiences

I feel like… it’s just a different 
learning activity

Deep (KD) A participant explicitly elabo‑
rates his/her own ideas, 
arguments, or perspectives 
with detailed explanations, 
supports of resources, statis‑
tics or personal experiences

I think students need to apply 
those knowledge in their 
lives in order to understand 
them…because the applica‑
tion process can help them 
make sense of…

Metacognitive Task understanding (TU) A participant activates previ‑
ous knowledge of the task 
and contents, thinks about 
the purpose of the task, 
identifies what should be 
done for this task, reads and 
interprets the questions or 
instructions

We need to define the concept 
of the topic first…

Goal setting and planning 
(GSP)

A participant thinks about 
what documents and 
resources are needed, plans 
or divides the task, plans 
and discusses what to do 
next

We’re going to break it down 
into three dimensions…first, 
we need to…

Monitoring and reflection 
(MR)

A participant monitors and 
evaluates the progress 
toward the criteria set for 
the task, evaluates the time 
schedule set for finishing 
the task; summarizes what 
has been done and what 
needs to be done

Regarding this question, I think 
what we have done is still the 
same thing, we need to break 
out of that mindset

Behavioral Resource management (RM) A student searched, shared 
or read resources on the 
platform or through the 
Internet

I find an article about our topic
This academic article is 

about……

Concept mapping (CM) A participant created, modi‑
fied, or commented on the 
concept map

Creating a concept map 
through huiyizhuo functions

Observation (OB) A participant moved the 
mouse over the platform 
to observe without any 
operations

Moving the mouse over the 
huiyizhuo platform without 
speaking
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sentence separated by a semicolon or a period in the write-up that represented a com-
plete idea. Two authors scored the concept maps and write-ups independently and 
reached an agreement if there were differences. Next, we analyzed students’ question-
naire responses to demonstrate student perceptions about group collaborative quality, 
their engagement level, and the usefulness of the scaffoldings.

Results
An overview of the comparison of three groups’ social, cognitive, metacognitive, and 
behavioral contributions during four weekly CPS is presented in the distribution box-
plots (see Fig. 3). Group A had the lowest level of social and cognitive contribution; 
Group B had the highest level of cognitive and behavioral contribution and the lowest 
level of metacognitive contribution; Group C had the highest social and metacogni-
tive contribution and the lowest level of behavioral contribution. The overall results 
indicate rather complicated collaborative results of three groups. We make further 
examinations of sequential transitions of each dimension and across dimensions as 
followings to better understand the collaborative patterns.

Social dimension

First, on the social dimension, Group C was the most active group throughout the 
four weekly CPS activities, reflected by the highest frequency of student interactions 

Fig. 3 Three groups’ distribution boxplots of social, cognitive, metacognitive and behavioral frequencies. 
Each box represents students’ code frequencies (minimum, median, and maximum values) throughout four 
weeks on one dimension

Fig. 4 Social interaction network of three groups. The node size represented interaction frequencies; the 
number on the tie represented the interaction a student had to another student; the direction of a tie should 
be read from the node with the same color of the tie to the node with a different color (e.g., C3 sent 244 
replies to C2)
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(freq. = 735, M = 183.75, SD = 26.85), followed by Group B (freq. = 628, M = 157.00, 
SD = 23.04) and Group A (freq. = 520, M = 130.00, SD = 5.16) (see Fig. 4). Group C had 
the highest level of average degree (outdegree = 21.9, indegree = 21.7), followed by Group 
B (outdegree = 20.3, indegree = 20.4) and Group A (outdegree = 18.6, indegree = 18.6). 
Group C also had the highest CV value (CV = 1.42), indicating a high level of disper-
sion of students’ interaction frequencies, followed by Group B (CV = 0.50) and Group A 
(CV = 0.15). Overall, Group C was the most interactive group among three groups, fol-
lowed by Group B and Group A (see Fig. 4).

Cognitive dimension

On the cognitive dimension, Group B had the highest frequency of cognitive contribu-
tion throughout four weekly CPS activities (freq. = 610, M = 152.50, SD = 32.28), closely 
followed by Group C (freq. = 575, M = 143.75, SD = 31.62), and Group A (freq. = 397, 
M = 99.25, SD = 17.84). The sequential analysis results showed that all three groups had 
the direct transitions on the cognitive dimension (i.e., Cog- > Cog), where Group C had 
the strongest value (M = 0.61, SD = 0.10), followed by Group A (M = 0.53, SD = 0.18) and 
Group B (M = 0.26, SD = 0.23) (see Table 4). Group C also consistently had the strong 
transition on cognitive dimension, reflected by the small SD value. In addition, results 
of ANOVAs and ANCOVAs showed a significant difference among three groups on the 
Cog- > Cog transition (p < 0.05), where Group C had the highest value, regardless of tak-
ing time as covariate or not.

We further analyzed the direct transitional patterns between KS, KM, and KD under 
the cognitive dimension. All three groups had the direct transitions from KS to KS and 

Table 4 Direct transitions of the cognitive, metacognitive and behavioral dimensions (Group A, 
Group B, Group C)

The values are shown as Mean (SD)

Current move Upcoming move

Cog Meta‑Cog Beh

Cog 0.53 (0.18), 0.26 (0.23), 0.61 
(0.10)

− 0.25 (0.32), 0.14 (0.51), − 0.45 
(0.09)

− 0.30 (0.25), − 0.34 (0.21), 
− 0.31 (0.10)

Meta‑Cog − 0.40 (0.22), − 0.05 (0.16), 
− 0.39 (0.18)

0.36 (0.33), 0.14 (0.46), 0.46 
(0.13)

− 0.07 (0.26), − 0.14 (0.32), 
− 0.10 (0.12)

Beh − 0.17 (0.16), − 0.21 (0.13), 
− 0.38 (0.03)

− 0.18 (0.17), − 0.36 (0.13), 
− 0.04 (0.12)

0.30 (0.17), 0.40 (0.15), 0.40 
(0.03)

Table 5 Direct transitional patterns of the cognitive dimension (Group A, Group B, Group C)

The values are shown as Mean (SD)

Current move Upcoming move

KS KM KD

KS 0.36 (0.13), 0.23 (0.29), 0.48 
(0.22)

− 0.35 (0.24), − 0.22 (0.27), 
− 0.46 (0.24)

0.03 (0.70), 0.07 (0.31), − 0.46 
(0.68)

KM − 0.34 (0.13), − 0.26 (0.17), 
− 0.43 (0.28)

0.35 (0.19), 0.24 (0.14), 0.39 
(0.32)

− 0.07 (0.58), − 0.12 (0.14), 0.52 
(0.62)

KD − 0.13 (0.27), 0.11 (0.22), 
− 0.06 (0.92)

0.11 (0.19), − 0.13 (0.16), 0.10 
(0.92)

− 0.61 (0.79), 0.06 (0.30), − 0.01 
(0.30)
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KM to KM, but no transition or low-level KD- > KD transition (see Table  5). Among 
three groups, Group C had the strongest KS- > KS transition (M = 0.48, SD = 0.22) 
and KM- > KM transition (M = 0.39, SD = 0.32). Group A and Group B had no direct 
KM- > KD transition; in contrast, Group C had the strongest KM- > KD transition 
(M = 0.52, SD = 0.62). Results of ANOVAs and ANCOVAs (taking time as the covari-
ate) indicated significant differences among three groups on the KD- > KD transition 
(F = 4.87, p < 0.05). Further examinations showed a significant difference between Group 
A and Group B, regardless of taking time as the covariate or not (p < 0.05) (see Table 5).

Metacognitive dimension

On the metacognitive dimension, Group C had highest metacognitive contributions 
(freq. = 523, M = 130.75, SD = 25.36), followed by Group A (freq. = 473, M = 118.25, 
SD = 35.34) and Group B (freq. = 411, M = 102.75, SD = 29.58). The sequential analy-
sis results showed that all three groups had the direct metacognitive transitions (see 
Table  4). Among three groups, Group C had the strongest metacognitive transi-
tion (M = 0.46, SD = 0.13), followed by Group A (M = 0.36, SD = 0.33) and Group B 
(M = 0.14, SD = 0.46) (see Table 4). Group C also consistently had the strong transition, 
reflected by the small SD value. Multiple ANOVAs and ANCOVAs indicated no signifi-
cant differences between three groups, regardless of taking time as the covariate or not.

We further analyzed the direct transitional patterns between TU, GSP, and MR. All 
three groups had the direct transitions from TU to TU, GSP to GSP, and MR to MR 
(see Table 6). Group A had the highest GSP- > GSP transition (M = 0.68, SD = 0.12) and 
the highest MR- > MR transition (M = 0.72, SD = 0.10); while Group B had the highest 
TU- > TU transition (M = 0.86, SD = 0.12). There were no direct transitions between two 
different codes on the metacognitive dimension. The multiple ANOVA and ANCOVA 
analyses (taking time as the covariate) found no significant differences among the three 
groups on any metacognitive dimension transitions.

Behavioral dimension

On the behavioral dimension, Group B had the highest frequency (freq. = 818, 
M = 204.50, SD = 19.46), followed by Group A (freq. = 533, M = 133.25, SD = 47.93) and 
Group C (freq. = 503, M = 125.75, SD = 37.08). The sequential analysis results showed 
that all three groups had the direct behavioral transitions (i.e., Beh- > Beh), where Group 
C had the strongest Beh- > Beh transition (M = 0.40, SD = 0.03), followed by Group B 

Table 6 Direct transitional patterns of the metacognitive dimension (Group A, Group B, Group C)

The values are shown as Mean (SD)

Current move Upcoming move

TU GSP MR

TU 0.79 (0.13), 0.86 (0.12), 0.42 
(0.95)

− 0.39 (0.32), − 0.28 (0.44), 
− 0.06 (0.73)

− 0.39 (0.29), − 0.64 (0.56), 
− 0.74 (0.30)

GSP − 0.40 (0.26), − 0.35 (0.27), 
− 0.14 (0.76)

0.68 (0.12), 0.39 (0.24), 0.54 
(0.08)

− 0.54 (0.22), − 0.28 (0.18), 
− 0.44 (0.15)

MR − 0.55 (0.37), − 0.83 (0.33), 
− 0.74 (0.30)

− 0.59 (0.12), − 0.19 (0.28), 
− 0.47 (0.17)

0.72 (0.10), 0.43 (0.35), 0.62 
(0.08)
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(M = 0.40, SD = 0.15), and Group A (M = 0.30, SD = 0.17) (see Table  4). Group C also 
consistently had the strong transition, reflected by the small SD value. In addition, mul-
tiple ANOVAs and ANCOVAs indicated no significant differences among three groups.

We further analyzed the direct transitional patterns between RM, CM, and OB. Mul-
tiple ANOVA analyses showed that there were significant differences between three 
groups on OB- > CM transition (F = 6.89, p = 0.02), where Group C had the strongest 
OB- > CM transition (M = 0.20, SD = 0.24). Further examination indicated significant dif-
ferences of OB- > CM transition between Group A and Group B (p < 0.05) and between 
Group A and Group C (p < 0.05), regardless of taking time as the covariate or not (see 
Table 7).

We further examined the sequential transitions between 9 codes across three dimen-
sions (see Fig. 5). Group A had 12 types of direct sequential transitions (lag = 1), with 
the strongest transition of TU- > TU (Yule’Q = 0.56), followed by KS- > KS (Yule’Q = 0.50) 
and MR- > MR (Yule’Q = 0.50); Group A had 9 types of indirect sequential transi-
tions (lag = 2), with the strongest transition of MR- > MR (Yule’Q = 0.56), followed 
by GSP- > GSP (Yule’Q = 0.51), and KM- > KM (Yule’Q = 0.46). Group B had 12 types 
of direct sequential transitions (lag = 1), with the strongest transition of RM- > RM 
(Yule’Q = 0.79), KS- > KS (Yule’Q = 0.49) and MR- > MR (Yule’Q = 0.48); Group B had 
14 types of indirect sequential transitions (lag = 2), with the strongest transition of 

Table 7 Direct transitional patterns of the behavioral dimension (Group A, Group B, Group C)

The values are shown as Mean (SD)

Current move Upcoming move

RM CM OB

RM − 0.54 (0.93), 0.85 (0.10), 0.30 
(0.89)

− 0.74 (0.37), − 0.29 (0.24), 
− 0.37 (0.50)

− 0.38 (0.84), − 0.60 (0.27), 
− 0.77(0.32)

CM − 0.62 (0.44), − 0.74 (0.33), 
− 0.71 (0.43)

0.47 (0.27), 0.09 (0.38), − 0.13 
(0.38)

− 0.49 (0.23), 0.19 (0.34), 0.30 
(0.20)

OB − 0.49 (0.63), − 0.52 (0.28), 
− 0.63 (0.43)

− 0.44 (0.30), 0.06 (0.23), 0.20 
(0.24)

0.45 (0.29), 0.30 (0.22), − 0.12 
(0.24)

Fig. 5 Direct and indirect sequential transitions across nine codes. The node size represents the average 
code frequency of the groups throughout four CPS activities. The values on the solid and dashed lines 
represent Yule’s Q values when lag is set to 1 and 2
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RM- > RM (Yule’Q = 0.71), KS- > KD (Yule’Q = 0.46) and TU- > TU (Yule’Q = 0.40). Group 
C had 13 types of direct sequential transitions (lag = 1), with the strongest transition of 
MR- > MR (Yule’Q = 0.66), KM- > KM (Yule’Q = 0.60) and GSP- > GSP (Yule’Q = 0.48); 
Group C had 12 types of indirect sequential transitions (lag = 2), with the strongest tran-
sition of KM- > KM (Yule’Q = 0.50), MR- > MR (Yule’Q = 0.35), RM- > RM (Yule’Q = 0.32) 
and TU- > TU (Yule’Q = 0.32).

Group performances and perceptions

Group C had the best collaborative performance among three groups. Group C 
(M = 89.75, SD = 34.95) ranked first among three groups of the concept map per-
formance, followed by Group A (M = 88.50, SD = 24.15) and Group B (M = 65.00, 
SD = 20.15). Regarding the solution write-ups, Group C (M = 15.00, SD = 1.83) 
also ranked first, closely followed by Group B (M = 14.75, SD = 2.50) and Group A 
(M = 11.50, SD = 2.08). In addition, ANOVA results indicated that the scaffoldings had 
no statistical significances on students’ perceptions about the group’s collaborative qual-
ity on nine dimensions (see “Appendix B” part 1), where Group C (M = 8.46, SD = 1.03) 
reported the highest score, closely followed with Group B (M = 8.38, SD = 0.97) and 
Group A (M = 7.97, SD = 1.24). Group C’s students had the highest level of self-reported 
engagement score (M = 8.58, SD = 0.67), followed by Group B (M = 8.25, SD = 1.22), and 
Group A (M = 8.00, SD = 1.21). In an open-ended question about knowledge worker 
role, students in Group C perceived themselves as the knowledge builder in most cases. 
For example, C3 reported “…most of the time, I think I was a knowledge builder… I inte-
grated and synthesized others’ ideas… and finally we built knowledge together as a group.”. 
Students in Group B perceived themselves as the knowledge builder in half of cases and 
the knowledge user in the other half. For example, B1 reported “in some cases, I use the 
knowledge my partners provided to build the concept map… occasionally, I reflected on 
what I have learned previously and build new knowledge through communicating with 
my partners”. Students in Group A in most cases perceived themselves as knowledge user 
and seldom perceived themselves as knowledge builder. For example, A1 responded “I 
think most of the time I merely use the knowledge or information I already have… directly 
to the concept map”. Finally, no statistical significances were found among the three 
groups about the usefulness of the scaffolding. Group B (M = 8.25, SD = 0.62) held the 
most positive attitude towards the usefulness of the scaffolding, followed by Group C 
(M = 7.67, SD = 1.56), and Group A (M = 7.35, SD = 0.88).

Discussions and implications
This quasi-experiment research designs collaborative problem-solving activities sup-
ported with the minimally-guided, task-oriented, and idea-oriented scaffoldings in an 
online platform, and uses a mixed-method to examine the effect of three scaffoldings 
on the CPS processes, performances and perceptions. Consistent with previous research 
(e.g., Hong, 2011; Wang et al., 2017; Zhang et al., 2009), the research results indicated 
that the idea-centered collaboration had the best effect on the CPS process. Group C, 
with the idea-oriented scaffolding, formed the most dense student–student interac-
tion network, through which they intensively built knowledge together (reflected by the 
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strong cognitive transition and transitions between KS, KM and KD codes), made group 
regulation for the knowledge building process (reflected by the highest metacognitive 
contributions and the strongest metacognitive transition), and intensively took actions 
to work collaboratively through concept mapping (reflected by the strongest behavioral 
transition and the diverse behavioral transitions involving CM) (see Fig. 5). Group C also 
achieved the highest level of collaborative performance, perceived the best group col-
laborative quality, and self-reported the highest level of engagement.

Second, the task-oriented scaffolding results in a relatively complicated collabora-
tive outcome. Group B, with the task-oriented scaffolding, formed the second interac-
tive network, through which they had a high yet discrete cognitive pattern (reflected 
by the highest level of the overall cognitive contribution but the lowest level of tran-
sition between cognitive codes), a low and discrete regulation for the problem-solving 
process (reflected by the lowest metacognitive contribution and transition), but actively 
took actions to solve problems on the platform (reflected by the highest behavioral fre-
quency). Moreover, Group B had the lowest score of the concept map but the highest 
score of the solution write-up, which implied that Group B’s students tended to merely 
focus on completing the tasks rather than exploring ideas and solutions on the concept 
map. Consistent with previous research, the result indicated that too much guidance 
would help students to stay on track of the task, but lessen the quality of open-ended 
inquiry, e.g., knowledge building (Dillenbourg, 2002).

Third, consistent with previous research, the result shows that CPS without additional 
instructional supports is less likely to lead to desirable outcomes (Kirschner et al., 2006). 
Group A, with the minimal-guided scaffolding, formed the least interactive network, 
through which students did not actively build knowledge to solve problems compared 
to the other two groups (reflected by the low-level cognitive contribution), had the mid-
dle level of group regulation (reflected by metacognitive contribution and transition), as 
well as the middle-level behavioral contribution and transition. The nine-code transition 
results showed that Group A had the least diverse behavioral transitions compared to 
the other two groups; notably, there were no behaviors connected to concept mapping 
(see Fig.  5). However, Group A achieved a good collaborative outcome regarding the 
concept mapping (ranked second among three groups). Overall, we conclude that the 
effect of three scaffoldings on the CPS process and quality is rather complicated.

In addition, student perceptions show that although the idea-oriented group has the 
best collaborative process and outcome, they do not perceive the idea-oriented scaffold-
ing as useful as the task-oriented scaffolding. In contrast, although the task-oriented 
scaffolding may not be beneficial for achieving a high quality of problem-solving, stu-
dents are more prone to employ the highly-structured, task-oriented, and goal-focused 
learning procedure in collaboration (Hong et al., 2011; Supanc et al., 2017). One expla-
nation of this phenomenon is centered on China’s educational culture: when group col-
laboration is applied, it aims to complete clearly-defined tasks, solve well-structured 
problems, or achieve mastery of specific textbook knowledge with an efficiency that 
cannot be achieved by individuals (Hong, 2011). The idea-centered epistemological 
perspective is new to students because it sees knowledge as tentative, improvable and 
subject to change (Hong & Lin, 2019), such that student groups may experience difficul-
ties in transforming the idea-centered epistemology to the actual collaborative process, 
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particularly for students who are less experienced of this pedagogy (Avry et  al., 2020; 
Ouyang & Chang, 2019; Rummel & Spada, 2005). In addition, the idea-oriented collabo-
rative learning needs to go beyond fixed learning schedules to facilitate an emergent, 
self-organizing, and opportunistic way of working collectively, which is not easy for stu-
dents to achieve in the short term (Hong & Sullivan, 2009; Zhang et al., 2009). Taking 
Group B, for example, Group B has a certain level of indirect transition in the cognitive 
dimension (between KM and KD) (see Fig. 5), and a low level of metacognitive regula-
tion. This result indicates that students may need more time and better self-regulation 
skills to transform into the idea-centered form of collaborative learning. Pedagogical 
implications provided below can be beneficial for fostering CPS with the support of 
instructional scaffoldings.

Overall, the results indicate that the instructor should use idea-centered scaffolding to 
promote positive effects on the collaborative learning performance, process, and quality. 
For students who are prone to structured instructions, the task-oriented scaffolding can 
be used and modified by integrating idea-centered elements in order to help students 
achieve a better knowledge inquiry and construction. In addition, the instructor should 
make better preparations and take more time to situate students in the idea-centered 
knowledge building pedagogy (Lin & Reigeluth, 2016), particularly for students who are 
new to this pedagogy. The instructor should also encourage students to make shared ref-
erences (Barron, 2000) and joint attentions (Çakır et al., 2009; Stahl, 2009) of knowledge 
building artifacts (e.g., the concept map), to develop self-regulation and group regulation 
skills (Winne et al., 2013), and to build collective responsibility during the CPS process 
(e.g., shared roles of knowledge builder) (Zhang et  al., 2011). The educational culture, 
time constraint, and student regulation should be taken into consideration during CPS 
design and practice. The instructor should keep in mind that the collaborative mode of 
learning and instruction is not about giving students complete freedom; instead, the core 
philosophy is that student responsibility and agency of understanding, meaning-making, 
and knowledge building should be put at the center of educational practices (Bandura, 
2001).

Conclusions, limitations, and future directions
The recent calls for educational reform have highlighted the importance of transform-
ing student learning from knowledge acquisition to participation and creation where 
students not only participate in social, collaborative group activities but also build and 
advance group knowledge during the process (Paavola et al., 2004). CPS is a commonly 
used learning mode to make this educational transformation, and varied scaffoldings are 
used to support CPS in order to improve students’ knowledge building and problem-
solving. In this research, we use a mixed-method to examine groups’ CPS processes and 
initially find that the idea-centered collaboration strengthens the connections between 
idea contribution, metacognitive regulation and behaviors related to knowledge artifact, 
which is beneficial for improving the CPS quality. This research contributes to a more 
comprehensive understanding of the affordances and limitations of different scaffoldings 
on advancing collaborative learning. Although the results verify that the idea-centered 
scaffolding is the most useful strategy, this research was conducted in a small sample size 
of student groups during a relatively short time period. Future research should extend 
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idea-centered collaboration to a longer-term and also expand the sample size of partici-
pating students, in order to verify the different effect of the scaffoldings on CPS. In addi-
tion, future instructional design should carefully consider the educational culture, time 
constraint, and learning regulation during the idea-centered CPS practices.

Appendix A

An example of the CPS activity
Please design a set of online learning resources for a geography class in a senior high 
school. The theme focuses on “regional geography”. The resources can be demonstrated 
in the form of video, web page, animation, or e-book, etc. The purpose is to help stu-
dents explore and learn the geographical knowledge of the area. The elements of regional 
geography include: natural geography (e.g., location, climate, topographic features, 
hydrology, natural resources, etc.) and cultural geography (e.g., population, city, traffic, 
industry, agriculture, regional development, etc.). The supporting PPT can be found in 
the resource section. During the design, the group needs to think about how to trigger 
students’ learning motivation in online learning contexts and procedures.

Group A
No scaffolding.

Group B
In order to complete the design task, you can consider to complete these sub-tasks. First, 
choose a typical geographical problem in a region (e.g., river management); then, design 
a learning resource to cover the topic related to the problem; finally, design a specific 
online learning situation using this online resource to help learners improve learning 
interest, increase knowledge, and improve performance. You can repeat these sub-tasks 
to complete the whole design.

Group C
In order to complete the design task, you can consider to build an instructional design 
model first (e.g., ADDIE: analysis, design, development, implementation, evaluation), 
then get familiar with the elements or concepts in this model, and finally design and 
develop the online learning resources based on this model.

Appendix B 

Weekly questionnaire

Part 1: Group collaborative quality
Please score the quality of your group collaboration on the following nine dimensions. 
Do you agree with the following statement? Please score the quality on a scale of 1–10 
with the lowest score of 1 and the highest score of 10.
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• Group members maintained a good mutual understanding of the problem to be 
solved.

• Group members organized the communication well enough to keep continuous dis-
course with a minimum level of time lost.

• Group members kept a high level of information sharing and collected as much 
information as possible related to the problem.

• Group members gathered and evaluated alternatives of solutions before reaching a 
consensus.

• Group members had a clear division of tasks, completed their tasks systematically, 
moved forward to the solution step by step, and set clear goals or guidance for the 
sub-tasks.

• Group members had a reasonable time management, properly monitored the 
remaining time during the collaboration, and assured enough time for the remaining 
tasks.

• Group members used the technologies smoothly, mastered basic technical skills, and 
made good use of various functions of the platform.

• Group members interacted with each other in a high quality, respected and encour-
aged each other to work together, and contributed their own ideas.

• Group members actively contributed to the final group solution and fully used their 
knowledge and skills during the process.

Part 2: Student engagement level

• Please score your engagement level on a scale of 1 to 10, with the lowest score of 1 
and the highest score of 10.

• What is your contribution in the CPS activities? Please give an example to provide 
evidence.

• What knowledge worker role did you take in the CPS process, if you have to choose 
one: a knowledge learner (to learn new knowledge), a knowledge user (to apply exist-
ing knowledge), or a knowledge builder (to summarize, synthesize, and build new 
knowledge). Why? Please give an example to provide evidence.

Part 3: The usefulness of the scaffolding

• For group A:

 The instructor scaffolded the group collaboration through an online platform with 
general technical and organizational supports. Did you think the scaffold was useful 
for the group work? Please score it on a scale of 1–10, with the lowest score of 1 and 
the highest score of 10, and give detailed reasons of the score.

• For group B:
 The instructor scaffolded the group collaboration through a task-oriented strategy on 

the platform. Did you think the scaffold was useful for the group work? Please score 
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it on a scale of 1–10 with the lowest score of 1 and the highest score of 10, and give 
detailed reasons of the score.

• For group C:
 The instructor scaffolded the group collaboration through an idea-oriented strategy 

on the platform. Did you think the scaffold was useful for the group work? Please 
score it on a scale of 1–10 with the lowest score of 1 and the highest score of 10, and 
give detailed reasons of the score.

Acknowledgements
We appreciate the participants’ engagement in this research. We acknowledge the data collection and preliminary analy‑
sis work from Xu Li, Dan Sun, and Jiawen Zhou.

Authors’ contributions
FO led the research project, supervised the data analysis and wrote the manuscript. ZC, MC, and ZT conducted the data 
collection and analysis, C‑YS supported the instructional process, crosschecked the data analysis results and revised the 
manuscript. All authors read and approved the final manuscript.

Funding
The research is supported by the National Natural Science Foundation of China (61907038), Zhejiang province‑level Stu‑
dent Research Train Program (SRTP) (2020R401011) of China, and 2021 University‑level Educational Reformation Research 
Project for Undergraduate Education, Zhejiang University (zdjg21033).

Availability of data and materials
The data that support the findings of this study are available on request from the first author.

Declarations

Competing interests
We have no Conflict of Interest to declare.

Received: 4 March 2021   Accepted: 12 May 2021

References
Avry, S., Chanel, G., Bétrancourt, M., & Molinari, G. (2020). Achievement appraisals, emotions and socio‑cognitive pro‑

cesses: how they interplay in collaborative problem‑solving? Computers in Human Behavior, 107, 106267.
Baghaei, N., Mitrovic, A., & Irwin, W. (2007). Supporting collaborative learning and problem‑solving in a constraint‑based 

CSCL environment for UML class diagrams. International Journal of Computer-Supported Collaborative Learning, 
2(2–3), 159–190.

Bandura, A. (2001). Social cognitive theory: an agentic perspective. Annual Review of Psychology, 52, 1–26.
Barron, B. (2000). Achieving coordination in collaborative problem‑solving groups. Journal of the Learning Sciences, 9(4), 

403–436.
Bereiter, C. (2005). Education and mind in the knowledge age. LEA.
Borge, M., & Mercier, E. (2019). Towards a micro‑ecological approach to CSCL. International Journal of Computer-Supported 

Collaborative Learning, 14(2), 219–235.
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of learning. Educational Researcher, 18, 

32–42.
Çakır, M. P., Zemel, A., & Stahl, G. (2009). The joint organization of interaction within a multimodal CSCL medium. Interna-

tional Journal of Computer-Supported Collaborative Learning, 4, 115–149.
Chang, C.‑J., Chang, M.‑H., Liu, C.‑C., Chiu, B.‑C., Fan Chiang, S.‑H., Wen, C.‑T., Hwang, F.‑K., Chao, P.‑Y., Chen, Y.‑L., & Chai, 

C.‑S. (2017). An analysis of collaborative problem‑solving activities mediated by individual‑based and collaborative 
computer simulations. Journal of Computer Assisted Learning, 33(6), 649–662.

Chen, B., Resendes, M., Chai, C. S., & Hong, H. Y. (2017). Two tales of time: uncovering the significance of sequential pat‑
terns among contribution types in knowledge‑building discourse. Interactive Learning Environments, 25(2), 162–175.

Damşa, C. I. (2014). The multi‑layered nature of small‑group learning: productive interactions in object‑oriented collabo‑
ration. International Journal of Computer-Supported Collaborative Learning, 9, 247–281.

Dick, W., & Cary, L. (1990). The systematic design of instruction (3rd ed.). . Harper Collins.
Dillenbourg, P. (1999). What do you mean by “collaborative learning”? In P. Dillenbourg (Ed.), Collaborative learning: Cogni-

tive and computational approaches (Vol. 1, pp. 1–15). Elsevier.
Dillenbourg, P. (2002). Over‑scripting CSCL: the risks of blending collaborative learning with instructional design. In P. A. 

Kirschner (Ed.), Three worlds of CSCL. Can we support CSCL (pp. 61–91). Open Universiteit Nederland.
Engelmann, T., & Hesse, F. (2010). How digital concept maps about the collaborators’ knowledge and information influ‑

ence computer‑supported collaborative problem solving. International Journal of Computer-Supported Collaborative 
Learning, 5(3), 299–319.



Page 21 of 22Ouyang et al. Int J Educ Technol High Educ           (2021) 18:35  

Fiore, S. M., Graesser, A., Greiff, S., Griffin, P., Gong, B., Kyllonen, P., Massey, C., O’Neil, H., Pellegrino, J., Rothman, R., & Soulé, 
H. (2017). Collaborative problem solving: considerations for the national assessment of educational progress. National 
Center for Education Statistics.

Fischer, F., & Mandl, H. (2005). Knowledge convergence in computer‑supported collaborative learning: the role of exter‑
nal representation tools. The Journal of the Learning Sciences, 14(3), 405–441.

Garrison, D. R., Anderson, T., & Archer, W. (2000). Critical inquiry in a text‑based environment: computer conferencing in 
higher education. The Internet and Higher Education, 2(2–3), 87–105. https:// doi. org/ 10. 1016/ S1096‑ 7516(00) 00016‑6

Ge, X., & Land, S. M. (2003). Scaffolding students’ problem‑solving processes in an ill‑structured task using question 
prompts and peer interactions. Educational Technology, Research and Development, 51(1), 21–38.

Goodyear, P., Jones, C., & Thomson, K. (2014). Computer‑supported collaborative learning: instructional approaches, 
group processes and educational designs. In J. M. Spector, M. D. Merrill, J. Elen, & M. J. Bishop (Eds.), Handbook of 
research on educational communications and technology (4th ed., pp. 439–451). Springer.

Grbich, C. (2006). Qualitative data analysis: An introduction. SAGE Publications.
Hakkarainen, K., Paavola, S., Kangas, K., & Seitamaa‑Hakkarainen, P. (2013). Sociocultural perspectives on collaborative 

learning toward collaborative knowledge creation. In C. E. Hmelo‑Silver, C. A. Chinn, C. K. K. Chan, & A. M. O’Donnell 
(Eds.), The international handbook of collaborative learning (pp. 69–85). Routledge.

Hardwin, A., & Oshige, M. (2011). Self‑regulation, coregulation, and socially shared regulation: exploring perspectives of 
social in self‑regulated learning theory. Teachers College Record, 113(2), 240–264.

Hargreaves, D. H. (1999). The knowledge‑creating school. British Journal of Educational Studies, 47(2), 122–144.
Henri, F. (1992). Computer conferencing and content analysis. In A. R. Kaye (Ed.), Collaborative learning through computer 

conferencing. The Najadan Papers (pp. 117–136). Springer‑Verlag.
Hmelo‑Silver, C. (2004). Problem‑based learning: what and how do students learn? Educational Psychology Review, 16(3), 

235–266.
Hmelo‑Silver, C. E., & Barrows, H. S. (2008). Facilitating collaborative knowledge building. Cognition and Instruction, 26, 

48–94.
Hmelo‑Silver, C., & DeSimone, C. (2013). Problem‑based learning: an instructional model of collaborative learning. In C. E. 

Hmelo‑Silver, C. A. Chinn, C. K. K. Chan, & A. M. O’Donnell (Eds.), The international handbook of collaborative learning 
(pp. 382–398). Routledge.

Hong, H. Y. (2011). Beyond group collaboration: facilitating an idea‑centered view of collaboration through knowledge 
building in a science class of fifth‑graders. Asia-Pacific Education Researcher, 20(2), 246–260.

Hong, H. Y., Chang, Y. H., & Chai, C. S. (2014). Fostering a collaborative and creative climate in a college class through idea‑
centered knowledge‑building. Instructional Science, 42(3), 389–407.

Hong, H. Y., Chen, B., & Chai, C. S. (2016). Exploring the development of college students’ epistemic views during their 
knowledge building activities. Computers & Education, 98, 1–13.

Hong, H. Y., Chen, F. C., Chai, C. S., & Chan, W. C. (2011). Teacher‑education students’ views about knowledge building 
theory and practice. Instructional Science, 39, 467–482.

Hong, H. Y., & Lin, P. Y. (2019). Elementary students enhancing their understanding of energy‑saving through idea‑cen‑
tered collaborative knowledge‑building scaffolds and activities. Educational Technology Research and Development, 
67(1), 63–83.

Hong, H. Y., & Sullivan, F. R. (2009). Towards an idea‑centered, principle‑based design approach to support learning as 
knowledge creation. Educational Technology Research and Development, 57(5), 613–627.

Janssen, J., Cress, U., Erkens, G., & Kirschner, P. A. (2013). Multilevel analysis for the analysis of collaborative learning. In C. E. 
Hmelo‑Silver, C. A. Chinn, C. K. K. Chan, & A. M. O’Donnell (Eds.), The international handbook of collaborative learning 
(pp. 124–137). Routledge.

Järvelä, S., & Hadwin, A. F. (2013). New frontiers: regulating learning in CSCL. Educational Psychologist, 48(1), 25–39.
Järvelä, S., Kirschner, P. A., Hadwin, A., Järvenoja, H., Malmberg, J., Miller, M., & Laru, J. (2016). Socially shared regulation of 

learning in CSCL: understanding and prompting individual‑and group‑level shared regulatory activities. Interna-
tional Journal of Computer-Supported Collaborative Learning, 11(3), 263–280.

Jonassen, D. H. (1997). Instructional design models for well‑structured and ill‑structured problem‑solving learning out‑
comes. Educational Technology Research and Development, 45, 65–94.

Kapur, M. (2008). Productive failure. Cognition and Instruction, 26(3), 379–424.
Kapur, M. (2011). Temporality matters: advancing a method for analyzing problem‑solving processes in a computer‑sup‑

ported collaborative environment. International Journal of Computer-Supported Collaborative Learning, 6(1), 39–56.
Kirschner, P. A., Sweller, J., & Clark, R. E. (2006). Why minimal guidance during instruction does not work: an analysis of the 

failure of constructivist, discovery, problem‑based experiential and inquiry‑based teaching. Educational Psychologist, 
41(2), 75–86.

Krippendorff, K. (2004). Reliability in content analysis: some common misconceptions and recommendations. Human 
Communication Research, 30, 411–433.

Lämsä, J., Hämäläinen, R., Koskinen, P., Viiri, J., & Mannonen, J. (2020). The potential of temporal analysis: Combining log 
data and lag sequential analysis to investigate temporal differences between scaffolded and non‑scaffolded group 
inquiry‑based learning processes. Computers & Education, 143, 103674. https:// doi. org/ 10. 1016/j. compe du. 2019. 
103674

Lin, C. Y., & Reigeluth, C. M. (2016). Scaffolding wiki‑supported collaborative learning for small‑group projects and whole‑
class collaborative knowledge building. Journal of Computer Assisted Learning, 32(6), 529–547.

Lin, F., & Chan, C. K. (2018). Examining the role of computer‑supported knowledge‑building discourse in epistemic and 
conceptual understanding. Journal of Computer Assisted Learning, 34(5), 567–579.

Malmberg, J., Järvelä, S., & Järvenoja, H. (2017). Capturing temporal and sequential patterns of self‑, co‑, and socially 
shared regulation in the context of collaborative learning. Contemporary Educational Psychology, 49, 160–174.

Novak, J. D. & Cañas, A. J. (2008). The theory underlying concept maps and how to construct and use them. Technical 
Report IHMC CmapTools, Florida Institute for Human and Machine Cognition. http:// cmap. ihmc. us/ Publi catio ns/ 
Resea rchPa pers/ Theor yUnde rlyin gConc eptMa ps. pdf

https://doi.org/10.1016/S1096-7516(00)00016-6
https://doi.org/10.1016/j.compedu.2019.103674
https://doi.org/10.1016/j.compedu.2019.103674
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf


Page 22 of 22Ouyang et al. Int J Educ Technol High Educ           (2021) 18:35 

Opsahl, T. (2009). Structure and evolution of weighted networks. Doctoral dissertation, University of London. http:// toreo 
psahl. com/ publi catio ns/ thesis/

Oshima, J., Oshima, R., Ohsaki, A., & Splichal, J. (2019). Collective knowledge advancement through shared epistemic 
agency: Socio‑semantic network analyses. In K. Lund, G. P. Niccolai, E. Lavoué, C. Hmelo‑Silver, G. Gweon, & M. Baker 
(Eds.), A wide lens: combining embodied, enactive, extended, and embedded learning in collaborative settings, 13th 
International Conference on Computer Supported Collaborative Learning (CSCL) 2019 (Vol. 1, pp. 57–64). International 
Society of the Learning Sciences.

Ouyang, F. (2021). Using three social network analysis approaches to understand computer‑supported collaborative 
learning. Journal of Educational Computing Research. https:// doi. org/ 10. 1177/ 07356 33121 996477

Ouyang, F., & Chang, Y. H. (2019). The relationship between social participatory role and cognitive engagement level in 
online discussions. British Journal of Educational Technology, 50(3), 1396–1414. https:// doi. org/ 10. 1111/ bjet. 12647

Ouyang, F., Chang, Y. H., Scharber, C., Jiao, P., & Huang, T. (2020). Examining the instructor‑student collaborative part‑
nership in an online learning community course. Instructional Science, 48(2), 183–204. https:// doi. org/ 10. 1007/ 
s11251‑ 020‑ 09507‑4

Ouyang, F., & Scharber, C. (2017). The influences of an experienced instructor’s discussion design and facilitation on an 
online learning community development: a social network analysis study. The Internet and Higher Education, 35, 
33–47. https:// doi. org/ 10. 1016/j. iheduc. 2017. 07. 002

Paavola, S., Lipponen, L., & Hakkarainen, K. (2004). Models of innovative knowledge communities and three metaphors of 
learning. Review of Educational Research, 74(4), 557–576.

Puntambekar, S. (2013). Chapter 12 Mixed methods for analyzing collaborative learning. In C. E. Hmelo‑Silver, C. A. Chinn, 
C. K. K. Chan, & A. M. O’Donnell (Eds.), The international handbook of collaborative learning (pp. 187–195). Routledge.

Roschelle, J., & Teasley, S. (1995). The construction of shared knowledge in collaborative problem solving. In C. O’Malley 
(Ed.), Computer-supported collaborative learning (pp. 69–197). Springer Verlag.

Rummel, N., & Spada, H. (2005). Learning to collaborate: an instructional approach to promoting collaborative problem 
solving in computer‑mediated settings. The Journal of the Learning Sciences, 14(2), 201–241.

Salomon, G. (1993). No distribution without individual cognition: a dynamic interactional view. In G. Salomon & D. Perkins 
(Eds.), Distributed cognitions: psychological and educational considerations (pp. 111–138). Cambridge University Press.

Scardamalia, M., & Bereiter, C. (2006). Knowledge building: theory, pedagogy, and technology. In K. Sawyer (Ed.), Cam-
bridge handbook of the learning sciences (pp. 97–118). Cambridge University Press.

Simon, H. A. (1973). The structure of ill structured problems. Artificial Intelligence, 4(3–4), 181–201.
Stahl, G. (2009). Studying virtual math teams. Springer. http:// Gerry Stahl. net/ vmt/ book
Stahl, G. (2017). Group practices: a new way of viewing CSCL. International Journal of Computer-Supported Collaborative 

Learning, 12(1), 113–126.
Supanc, M., Völlinger, V. A., & Brunstein, J. C. (2017). High‑structure versus low‑structure cooperative learning in introduc‑

tory psychology classes for student teachers: effects on conceptual knowledge, self‑perceived competence, and 
subjective task values. Learning and Instruction, 50, 75–84.

Suthers, D., Lund, K., Rosé, C. P., Teplovs, C., & Law, N. (2013). Productive multivocality in the analysis of group interactions. 
Springer.

Vygotsky, L. S. (1978). Mind in society: the development of higher psychological processes. Harvard University Press.
Wang, M., Cheng, B., Chen, J., Mercer, N., & Kirschner, P. A. (2017). The use of web‑based collaborative concept mapping to 

support group learning and interaction in an online environment. The Internet and Higher Education, 34, 28–40.
Winne, P. H., Hadwin, A. F., & Perry, N. E. (2013). Chapter 26. Metacognition and computer‑supported collaborative learn‑

ing. In C. E. Hmelo‑Silver, C. A. Chinn, C. K. K. Chan, & A. M. O’Donnell (Eds.), The international handbook of collabora-
tive learning (pp. 462–479). Routledge.

Wood, D., Bruner, J. S., & Ross, G. (1976). The role of tutoring in problem solving. Journal of Child Psychology and Psychiatry, 
17(2), 89–100.

Zemel, A., & Koschmann, T. (2013). Recalibrating reference within a dual‑space interaction environment. International 
Journal of Computer-Supported Collaborative Learning, 8(1), 65–87.

Zemel, A., Xhafa, F., & Çakir, M. (2009). Combining coding and conversation analysis of VMT chats. In G. Stahl (Ed), Studying 
virtual math teams, (pp. 532–568). Springer. http:// Gerry Stahl. net/ vmt/ book

Zhang, J., Hong, H. Y., Scardamalia, M., Teo, C. L., & Morley, E. A. (2011). Sustaining knowledge building as a principle‑based 
innovation at an elementary school. The Journal of the Learning Sciences, 20(2), 262–307.

Zhang, J., Scardamalia, M., Reeve, R., & Messina, R. (2009). Designs for collective cognitive responsibility in knowledge‑
building communities. The Journal of the Learning Sciences, 18(1), 7–44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

http://toreopsahl.com/publications/thesis/
http://toreopsahl.com/publications/thesis/
https://doi.org/10.1177/0735633121996477
https://doi.org/10.1111/bjet.12647
https://doi.org/10.1007/s11251-020-09507-4
https://doi.org/10.1007/s11251-020-09507-4
https://doi.org/10.1016/j.iheduc.2017.07.002
http://GerryStahl.net/vmt/book
http://GerryStahl.net/vmt/book

	Exploring the effect of three scaffoldings on the collaborative problem-solving processes in China’s higher education
	Abstract 
	Introduction
	Literature review
	Collaborative problem-solving processes
	Effects of instructional scaffoldings
	The analytical framework and methods of the CPS processes

	Methodology
	Research purpose and questions
	Research context, participants and procedure
	Data collection and analysis

	Results
	Social dimension
	Cognitive dimension
	Metacognitive dimension
	Behavioral dimension
	Group performances and perceptions

	Discussions and implications
	Conclusions, limitations, and future directions
	Acknowledgements
	References


