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skills (ATC21S), Programme for International Student 
Assessment (PISA), and Curriculum Collaborative Problem 
Solving Assessment of Australian (CCPSA) have carried 
out a special evaluation on the collaborative problem 
solving skill. PISA2015 released the evaluation results 
of collaborative problem solving, which showed that the 
students’ collaborative problem solving skills in major cities 
in China were significantly lower in mathematics, science, 
and reading, ranking only the 26th out of 51 countries and 
regions who participated in the evaluation according to the 
Organization for Economic Cooperation and Development 
(OECD, 2017).

Researchers have been focusing on tasks and classroom 
practices of collaborative problem solving for a long time. 
It is found that Chinese students were not very suitable 
for the task of collaborative problem solving (Zhou & Lu, 
2017). In Chinese classroom teaching, students are used 
to the traditional teacher-centered environment. In such 
classrooms, there is often silence in the classroom and little 
interaction between teachers and students. Even with the 
trend of “student-centered, teacher-led” classroom model in 
recent years, many teachers still use the traditional classroom 
model, or maintain the original model most of the time in the 
classroom to ensure that teachers can complete the specified 
teaching tasks, making the "student-centered" classroom a 
mere formality. Moreover, in mathematics classrooms in 
China, cooperative explorations or hands-on activities are 
usually ignored. Instead, test-oriented approaches such 
as focusing on solving math problems repetitively and 
preparing for the exams make the students more passive in 
memorizing and understanding mathematical knowledge. 
Therefore, the students’ learning initiatives would be greatly 
diminished, and the effectiveness of learning would also be 
greatly reduced. In addition, worldwide issues such as gender 
gaps and marginalization also exist persistently in schools in 
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Introduction

Collaborative problem solving is progressively recognized 
as an essential skill a student needs to master in order to 
enhance creativity, improve efficiency, and raise the quality 
of learning. Different large-scale international evaluation 
projects such as Assessment & Teaching of 21st-century 
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China. Females were found not only to have better academic 
achievements across subjects in schools (Stoet & Geary, 
2015; Voyer & Voyer, 2014), but also to have higher levels 
of school engagement (Lam et al., 2012) compared to male 
students. While there was a recurrent theme that females 
are more likely to use familiar, teacher-given procedures, 
when it comes to mathematical problem solving, males 
were found outperforming female students, especially on 
tasks requiring spatial skills, shortcuts, or multiple solution 
paths (e.g., Gallagher, et al., 2000; Zhu, 2007). With the 
emergence of the student-centered instructional approach, 
the increased amount of group discussions and collaborative 
tasks in classrooms benefit marginalized students. Those 
instructional strategies were perceived by students as helping 
them engage and build confidence (Rittle-Johnson et al., 
2021). However, marginalization issues could still possibly 
happen during the process of group work and collaboration, 
where some students are in an unimportant or powerless 
position within a group, and lack contribution to the 
discussion or the task completion. Thus, in order to better 
understand the gender gaps and the marginalization issues, 
as well as to build a more efficient and effective classroom 
environment, in-depth analyses of the problems existing in 
the process of students’ collaborative problem solving are 
necessary.

Therefore, this study employs Sfard’s commognitive 
theory (2007), which combines the notions of 
“communication” and “cognition” and highlights two 
different levels of learning (object level and meta-level), 
to construct an analytical framework of commognitive 
level in classroom collaborative problem solving. By 
conducting a visual analysis and tracking the changes of 
the students’ commognitive levels, the study aims to find 
detailed problems focusing on gender gaps and student 
marginalization in the process of collaborative problem 
solving.

Research Review

Commognitive Theory

To emphasize the unity of the thinking process and 
communication process, Sfard (2007) combined cognition 
and communication into a new concept—Commognition, 
as the beginning of the complex process of constructing 
objective thinking discourse. Commognition regards 
discourse in communication as the mirror of thinking, 
views discourse analysis as the basic research method, 
and considers discourse, discourse learning, and discourse 
development as the conceptual tools for analyzing teaching 
activities. It also has been included as a proper term in 
Encyclopedia of mathematics education (Sfard, 2020).

Among them, in the view of thinking discourse, 
communication, as a kind of patterned collective activity, 
has different types of communication due to the differences 
in communicative modes, communicative objects, and 
perceptual mediators. Individuals can participate in 
certain types of communication activities and refuse other 
communication activities (Cai & Gu, 2017). This point 
of view can explain why some of the teacher-student or 
student–student communication are effective in classroom 
teaching, while some are ineffective. The reason is that 
there are differences in the thinking and discourse systems 
between the individuals. More mutual understanding, mutual 
communication, and integration opportunities are needed to 
be effective.

The learning discourse view, on the other hand, holds that 
learning is a practice of changing discourse, which originates 
from the learning hypothesis of participating in metaphor. As 
the identity symbol of the mathematical community, learning 
is to participate in the discourse practice of the mathematical 
community, change individual discourse skills, enable them 
to communicate with the members of the community, and 
constantly strengthen and expand such communication 
activities. Corresponding to discourse development, 
discourse learning also includes two types of learning: 
object level learning and meta-level learning (Sfard, 2012). 
As shown in Fig. 1, object level discourse learning can be 
understood as the name of the concept, which only focuses 
on the “object” at hand without any exogenous change in 
discourse, such as induction, analyzation, or summarization. 
Meta-level discourse learning includes two ways: horizontal 
and vertical. Horizontal meta-level discourse learning can be 
understood as parallel induction and generalization, such as 
introducing the concept of a rational number on the basis of 
learning integer and fraction, thus reducing integer discourse 
and fraction discourse to rational number discourse. The 
vertical meta-level discourse learning can be understood as 
the vertical abstraction. For example, the formal discourse as 
a numerical model, that is, the meta-discourse of arithmetic 
is combined with arithmetic to form the algebraic discourse, 
which is the vertical discourse learning (Ben-Zvi & Sfard, 
2007).

To sum up, different from the object level learning, 
meta-level learning in commognition involves the 
change of meta-discourse rules, which is not the result of 
logical inevitability. Traditional classroom teaching and 
conventional mathematics tasks are difficult to achieve 
autonomous meta-level learning. Therefore, the present 
research adopts open situational problem tasks to guide 
students to carry out meta-level commognition and do visual 
analysis and research through the communication discourse 
carrier of collaborative problem solving at the same time.

Based on Sfard’s (2007, 2008) commognitive theory and 
Ngin’s (2018) element classification, we further constructed 
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a framework (Fig. 1) indicating the relationship between the 
levels and elements. In the element dimension, four elements 
of commognition were interpreted: keywords, visual 
mediator, narratives, and communicative mode. Keywords 
are the mathematical discourses and terminologies helping 
the students to convey meanings; Visual mediators are 
objects used in the communication such as symbols, signs, 
or other types of visual representations; Narratives are the 
utterances and sentences which describe mathematical 
objects and issues; Communicative mode includes 
explorations, deeds, and rituals.

Instead of conducting a more detailed classification based 
on the framework as we did in our previous studies (Lu et al., 
2019, 2020), the present study only used the first layer under 
the level classification (object level and meta-level) to code 
the large sample, and analyzed the data by referring to the 
element classification (keywords, visual mediator, narrative 
mode, communicative mode, etc.

Collaborative Problem Solving (CPS)

According to ACT21S, the construct of collaborative 
problem solving (CPS) was described as a combination 
of critical thinking, problem solving, decision making, 
and collaboration. It was argued that these skills could be 
conflated into a single complex set of skills under the title 
CPS (Care et al., 2016). Student characteristics such as 
interpersonal skills, attitudes, emotions (Järvenoja & Järvelä, 
2009), personality factors, and motivation (Gomez et al., 
2010) can all affect individual and CPS success (Morgeson 

et al., 2005; O’Neill et al., 2012). In recent years, empirical 
studies on collaborative problem solving mainly focused 
on the topics of learning strategies (Hou, 2001), emotional 
support (Shan, 2015), and students’ cognitive/behavioral 
patterns (Cai & Gu, 2015, 2017; Hou & Wu, 2011; Liang 
et al., 2017; Lin et al., 2014).

The emotional support of collaborative problem solving 
(Shan, 2015) could be viewed as the communication 
dimension of commognition theory. A deep analysis of the 
gender gaps in commognitive performance and the students’ 
marginalization in collaborative problem solving could 
facilitate a better exploration of the emotional support in 
collaborative problem solving. The cognitive processing 
related studies (Cai & Gu, 2015, 2017; Liang et al., 2017; 
Lin et al., 2014) could provide a reference for the follow-up 
research on the commognitive perspective, since the process 
of commognition could also bring about a greater cognitive 
load which will affect the progress of commognition and lead 
to gender gaps and marginalization of some students (Chen 
et al., 2018). Social interaction was the key determinant of 
individual participation in education and marginalization of 
education, which affected the acceptability, expectation, and 
value belief of education (Best et al., 2015). In addition to 
students’ cognitive and emotional factors, social interaction 
between students could also have an important impact on 
the commognitive process in collaborative problem solving.

The studies reviewed above were all conducted through 
an online learning environment. An in-depth analysis of the 
performance of commognition in collaborative problem 
solving in a complex classroom environment can provide 

Fig. 1  Visualization of commognitive theory level and element classification
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a more comprehensive and real classroom perspective for 
online collaborative problem solving learning, especially 
in the dimensions of communication and cognition. Online 
learning needs more real classroom and other face-to-face 
learning environment research data support, to achieve a 
more appropriate online learning experience. At the same 
time, by bringing in the commognition theory and building 
an analysis framework of collaborative problem solving 
involving specific micro cases, it is necessary to conduct a 
qualitative study examining the gender differences in social 
interaction and students’ marginalization in the process of 
commognition in collaborative problem solving.

Therefore, the current study focuses on the visual 
presentation of commognition of students’ collaborative 
problem solving in the classroom. Using the line charts as 
the visual representation, we could see the collaboration 
process more clearly. By tracking the changes of the 
students’ commognitive levels, and visualizing them into 
line charts, this study aimed to analyze their performance 
during collaborative problem solving in more detail. 
Accordingly, we mainly study the following questions:

1. What are the general features of the commognition 
between the pair and group students of their 
collaborative problem solving in the classroom, after 
they are visualized?

2. What are the gender differences in the pair and group 
students of their collaborative problem solving in the 
classroom, after they are visualized?

3. What are the commognition marginalization 
characteristics in the pair and group students of their 
collaborative problem solving in the classroom, after 
they are visualized?

Research Design

Participants

Two hundred and twenty-four (224) junior high school 
students ranging from 12 to 14 years of age from 8 classes 
in two schools in China were initially recruited as the 
participants of the study. Among them, there were 112 
females and 112 males. The participants shared similar 
math abilities and were randomly assigned to 112 pairs and 
56 four-person groups to complete a video-recorded pair 
mathematic problem solving task, as well as a group task. 
Both tasks were open-ended and were adopted from Clarke’s 
(2011) study. The tasks were translated into Chinese before 
the distribution. The details of the tasks are provided 
below. Due to the video quality, video transcription, and 
coding workload, a sample of 32 pairs and 16 groups of 64 

participants (36 males and 28 females) were used for data 
analysis.

Data Collection

In the recording and broadcasting classroom environment, 
every four students sit around a table composed of multiple 
desks, set up a camera to shoot the whole process, and use 
the left and right channels of a wireless microphone to 
collect sound, as shown in Fig. 2. Each group of students 
will be provided with pens, task sheets, and draft paper.

As can be seen from Fig. 2, in such a classroom video 
environment layout, 8 or more cameras recording student 
groups can capture the commognitive words and actions 
of each student group in the class in solving cooperative 
problems, and even capture the relatively clear facial 
expressions of all 4 students in the 4-person group. 
Moreover, the special arrangement of group seats can also 
maximize the convenience and minimize the interference 
of the teacher’s guidance intervention on the student 
group in the process of classroom inspection. It can move 
to the actual general classroom, carry out the intelligent 
classroom assisted by artificial intelligence and visualization 
technology, and even the construction of a group evaluation 
classroom.

Data Analysis

The video samples of the participants were first transcribed 
and coded using content and discourse analysis methods. 
The commognitive levels of the participants were then 
determined based on the framework of the commognition 
theory and were validated by using the Delphi expert 
investigation methods.

The commognitive discourse level of students 
in collaborative problem solving was objectively, 
systematically, and quantitatively coded and analyzed. The 
specific process was carried out in strict accordance with 
the six links of the content analysis method (Krippendorff, 
2018), including the establishment of research objectives, 
the determination of the research population, the selection 
of analysis units, the design of the analysis dimension 
system, the sampling of quantitative analysis materials, and 
the evaluation records and the analysis. During the analysis 
process, we also used the standard operation of content 
analysis methods, such as double coding, consistency 
inspection, reporting, discussion, and determination of 
inconsistent examples to explore and analyze the discourse 
level of commognition in collaborative problem solving, in 
order to explain the gender differences and marginalization 
of commognition.
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Analytical Framework of Commognitive Level

By referring to the level classification of Sfard’s (2008) 
commognitive theory and our online teacher-student 
commognitive analysis framework (Lu et al., 2019, 2020), 
the current study further developed a four-dimensional 
commognitive analysis framework with four different 
levels: the Irrelevant Level includes the discourses which 
are not related to the content of the problem, and hinder 
the communication of problem solving, such as migration 
to other situational subjects; the Previous Level contains 
macro knowledge, skills and problem solving methods 

that are not directly related to the problem content, such 
as emphasizing the writing of problem solving results; 
the Object Level involves the descriptions of objects 
with conceptual knowledge, procedural knowledge and 
situational knowledge, such as the descriptions of algebraic 
operations; and the Meta-Level comprises the account of 
object narration, such as the further explanation of object 
narratives using contextual knowledge. The contributions 
and the examples of each level are presented in Table 1. The 
irrelevant and the previous level were created as the addition 
to the existing levels (object and meta) in commognitive 
theory. To quantify the levels, we adopted Ding’s (2009) 

Fig. 2  Classroom collaborative problem solving and multi-machine video layout

Table 1  Analysis framework and cases of commognitive level in collaborative problem solving

Level Contribution Examples

Irrelevant level − 1 22 years old, a dog. (− 1)
[In task 1, instead of talking about people, a student intentionally mentioned a dog]

Previous level 0 Start writing. (0)
Write what? (0)
Write down the idea you just had. (0)
[In task 2, a student was urging the other one to do things. It did not hinder the task 

progress or was not related to the math problem.]
Object level  + 1 91 divided by 2? (+ 1)

That’s OK, one 45, one 46. (+ 1)
[In task 1, the students were solving an age-related math problem through description.]

Meta level  + 2 Yes, but if you are a younger brother or sister, his parents will be a little older. (+ 2)
[In task 1, a student was logically analyzing the problem.]
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method and sequentially endowed each level a point (− 1, 
0, + 1, + 2) based on its contribution to the collaborative 
problem solving tasks. The irrelevant level was given a 
negative point (− 1) due to its negative impact on the process 
of task completion. We gave the previous level zero points 
because it neither hinders nor contributes to the progress. 
The meta-level was treated as a higher level of learning than 
the object level based on their feature and definition in the 
commognitive theory.

Delphi Expert Survey

This study mainly used the Delphi method (Tian et al., 
2004) to give valid feedback from the perspective of 
experts. A total of twelve experts including 4 professors 
and researchers in education major at a university and 
8 middle school teachers were invited to evaluate the 
participants’ performances. A detailed evaluation protocol 
with the directions, the survey outline, the purpose of the 
study, and other relevant information were provided to 
the expert group before the evaluation. The process of 
the evaluation using the Delphi methods included three 
rounds. The videos were coded by each sentence in the 
transcription. The consistency of coded pair discourse 
was 84.6%, and that of group discourse was 81.3%. The 
questions consulted by the experts during the process 
were answered, and other supplementary information 
needed was provided. The experts’ individual scores of 
the participants’ performances based on the commognitive 
level framework and the protocol along with their personal 
opinions were compared and discussed after each of the 
first two rounds due to the low consistency. After two 

rounds of discussion and comparison, high consistency 
has been achieved in the third round of evaluation. As can 
be seen in Table 2, the validity scores of all the levels have 
reached a reasonable value (4.0) in the third round, with 
the range of 0 to 5.

Results

General Situation of Commognitive Level

The results show that the differences in the range and mean 
value of group commognition are greater than that of pairs, 
and the proportion of group commognition at the meta-
level is lower. In detail, the proportion of group meta-level 
commognition is significantly lower than that of pairs, the 
former only accounts for 0.7%, while the latter accounts for 
16.9%. However, there was no significant difference in the 
proportion of irrelevant level, previous level, or object level 
between group and pair. This could possibly mean that in 
the process of group collaborative problem solving, when 
the number of students increases, students can no longer 
do in-depth meta-level discussion on a certain object, but 
more on the object level, as shown in Table 3. Through the 
commognitive element analysis, the main reason could be 
that when the number of students increases, the number of 
keywords (e.g., mathematical terms) produced increases. 
As a result, the students may face more commognitive 
conflicts with each other. For example, more debates about 
the solutions and results of the task were observed during 
group collaborative solving.

Table 2  Validity feedback of each commognitive level using Delphi method

Levels The first round The second round The third round

Validity score Std. deviation Validity score Std. deviation Validity score Std. deviation

Irrelevant level 4.92 0.28 4.85 0.29 4.79 0.13
Previous level 4.83 0.37 4.80 0.28 4.83 0.07
Object level 4.08 0.28 4.23 0.31 4.26 0.13
Meta level 3.50 0.50 3.79 0.59 4.04 0.45
Average 4.33 0.36 4.42 0.37 4.48 0.20

Table 3  Statistical comparison 
of turn numbers of students 
at different levels of 
commognition

Horizontal dimension Pair Group

Quantity Proportion (%) Quantity Proportion (%)

Irrelevant level 79 3.8 471 12.9
Previous level 638 30.7 1246 34.1
Object level 1023 49.3 1906 52.2
Meta level 351 16.9 26 0.7
Total 2076 100.0 3649 100.0
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Gender Differences in Commognition

The gender differences of commognitive levels (Table 4) 
show that there were little differences between males and 
females in pairs, however, males were significantly higher 
than females in group settings. Specifically, males’ average 
commognitive discourse and average commognitive turns at 
all levels were higher than females’ in group collaborative 
problem solving; moreover, males’ average commognitive 
turns at meta-level were also higher than females’ in pair 
collaborative problem solving. The results show that males 
could possibly have more divergent ideas (exploration) 
and more ideas in the process of open situation problem 
solving. Through the commognitive element analysis, the 
main reason could be that the males’ communication mode 
has more explorations than the females.

Among the 32 pairs, 11 pairs included two males 
(mean = 48.73, SD = 16.55), 7 pairs had two females 
(mean = 36.86, SD = 13.77), and the other 14 pairs consisted 
with a male student and a female student (mean = 58.50, 
SD = 23.56). The results of ANOVA (Table 5) showed that 
the differences between the pairs of two females, two males, 
and one female and one male was approaching statistical 
significance, F (2, 29) = 2.92, p = 0.07. When there were 
both females and males in a pair, the commognition levels 
remain the highest, while female-only pairs had the lowest 
commognition levels.

Among the 16 groups, there were three all-male groups 
(mean = 107.67, SD = 68.63) and three groups with 2 males 
and 2 females (mean = 105.67, SD = 44.47). Four groups 
had 3 males and 1 female (mean = 72.5, SD = 86.21), and 
the rest of the six groups included 3 females and 1 male 
(mean = 78.83, SD = 23.04). The commognitive levels in 
the all-male groups and the groups with a gender balance 

remained at a high level, while groups without a gender 
balance shared low levels of commognition.

The Performance of Commognitive Marginalization

The General Situation of Commognitive Marginalization

The current study has put forward the theoretical boundary 
of commognitive discourse marginalization of two or 
more people α = 50% * (1−10%)n−2, where n refers to the 
number of people. In other words, the larger the number 
of groups, the lower the marginalization boundary of their 
communication cognitive discourse. After all, when the 
number of groups increases, it is naturally more likely 
that some group members are more difficult to get the 
opportunity to speak. For the peers in this study, that is, 
n = 2, the marginalization limit is 50%; for the group in 
this study, that is, n = 4, the marginalization limit is 40.5%. 
Thus, in the pair collaborative problem solving, less than 
50% of the students with poor performance in commognition 
are defined as existence of pair marginalization; in the group 
collaborative problem solving, less than 40% of the students 
with poor performance in commognition are defined as the 
existence of pair marginalization.

For the pair profile of commognitive marginalization, a 
total of 28.1% of the students’ pairs were marginalized, that 
was, 9 of 32 students’ pairs. The proportion of commognitive 
scores of students with low-grade performance among pairs 
in students with good performance ranged from − 7.7 to 
100%. The reason why there was a negative proportion 
was that some students had too much irrelevant level of 
commognition, which led to negative scores. There was a 
similar situation in group situations. The details were shown 
in Fig. 3. Through the commognitive element analysis, the 
main reason could be that these marginalized students lack 
the abilities to produce enough keywords (e.g., formula, 
square meter) to support solving the problem.

In the group survey of commognitive marginalization, 
a total of 52.1% of the students had marginalization 
phenomenon, that was, 25 out of 48 students; and these 
25 students were distributed in 14 out of 16 student 
groups, 87.5% of the student groups had marginalization 
phenomenon. The proportion of students with low-grade 
performance in the group with good performance ranged 
from − 187.5 to 100%. Among these teams, the two groups 
with the poorest proportion were − 187.5% and − 175.0%, 
respectively. The specific distribution proportion of the poor 
48 students is shown in Fig. 4. Through the commognitive 
element and the video analysis, the main reasons could be 
that these students of commognitive marginalization also 
lacked the abilities to produce keywords about the problem, 
at the same time, they were a little physically far from the 

Table 4  Survey of gender differences in students’ commognition

Average number Pair Group

Male Female Male Female

Irrelevant level 1.5 0.9 7.7 6.9
Previous level 9.3 10.9 21.9 16.3
Object level 15.1 17.1 32.5 26.3
Meta level 6.6 4.1 0.6 0.2
Total 24.1 24.3 23.6 19.8

Table 5  ANOVA results for three different types of pairs

df MS F Sig.

Between groups 2 1116.59 2.92 0.070
Within groups 29 382.43
Total 31
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Fig. 3  Distribution and marginalization of students in pairs

Fig. 4  Distribution and marginalization of students in groups



Visualizing the Commognitive Processes of Collaborative Problem Solving in Mathematics…

1 3

leading students who were drawing visual mediators such as 
the equations and the apartment layouts.

To confirm there were significant differences in terms 
of their commognition between marginalized and non-
marginalized students, independent t-tests were conducted. 
As we can see in Table  6, in both pair [t (62) = 4.36, 
p < 0.001] and group [t (62) = 6.79, p < 0.001] settings, 
marginalized students performed significantly better than 
the non-marginalized students. The results confirmed our 
logistics of labeling marginalized students.

Classification and Cases of Cognitive Marginalization 
in Pair Communication

The marginalization of pair commognitive performance can 
be further classified into two types: strong marginalization 
and weak marginalization. Taking the volume of reciprocal 
expressions failing to account for 25% or more of better-
performing students as the criterion, four out of the nine 
pair marginalization phenomena were strong commognitive 
marginalization, and the other five were weak or non-
commognitive marginalization.

Compar ing the strong pair of commognitive 
marginalization and non-marginalization (as shown in 

Fig. 5), we can find that in the strong marginalization 
phenomenon such as Pair 1 in the figure, the marginalized 
students generally began to be marginalized in the 
middle of the collaborative problem solving process, and 
barely showed any progress in commognition since the 
marginalization. In the non-marginalization situation such 
as Pair 2 in the figure, the pair was not marginalized most 
of the time, but there were also fragments in the process, 
in which some students were slightly marginalized (i.e., 
separation mode). These fragments are also worthy of 
attention.

Specif ical ly,  in  the phenomenon of  st rong 
marginalization of pair commognition, student S-1 in 
Pair 1 was marginalized at the moment of [0:6:18] during 
the middle of the process, and the progress curve of 
commognition of students S-1 and S-2 began to separate 
at that moment. After that, student S-1 has not made any 
progress, and even experienced a decline in commognition 
progress. At the same time, in the first third of the time in 
Pair 2, the progress of commognition of students S-1 and 
S-2 actually had a crossing time ([0:02:42]), that is, student 
S-1 had caught up with student S-2 in commognition, and 
student S-1 dominated the process of commognition and 
problem solving afterward.

Table 6  T-test results between 
marginalized and non-
marginalized students

**p < 0.001

Marginalized Non-marginalized

N Mean SD N Mean SD t df

Pair 8 5.50 6.16 56 26.79 13.54 4.36** 62
Group 24 6.04 11.04 40 31.45 16.20 6.79** 62

Fig. 5  Cases of cognitive marginalization and non-marginalization in pair communication
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Classification of Cognitive Marginalization in Group 
Communication

The phenomenon of cognitive marginalization in group 
communication in the current study can be classified into 
three types: triple marginalization, bilateral marginalization, 
and unilateral marginalization. Among the 16 groups 
involved in the study, 6.25% of the student groups 
experienced triple marginalization (i.e., 1 group), 56.25% 
of the student groups were bilateral marginalization (i.e., 
9 groups), and 25% of the student groups were unilateral 
marginalization (i.e., 4 groups).

This result has a certain correlation with the three models 
of the knowledge refinement process: crossover, parallel, 
and separation (Ding, 2009), and there are leaders in high-
level pairs and groups. However, in the process of group 
commognition, as the current study disclosed, there were 
more complex commognitive model characteristics, and the 
leading role of the leader in the second half of the high-level 
group was not so obvious.

Triple Marginalization and  Bilateral Marginalization 
of  Group Commognition The triple marginalization 
phenomenon mainly showed that three students in the group 
were distinctly marginalized, and the final contribution of 
the three students in collaborative problem solving was 
significantly lower than the remaining student, such as 
Group 1. The bilateral marginalization phenomenon mainly 
showed that two students in the group were marginalized, 
and the implicit progress of commognition of the two 

students was significantly lower than that of the other two 
students, such as Group 2, as shown in Fig. 6.

Among them, Group 1 spent 22  min and 32  s on 
collaborative problem solving, and the curve change of 
the group was tangled. Throughout the overall trend, 
only student S-4 had a progressive contribution to task 
completion, and the other three students displayed 
a continuous downward trend from [0:13:49]. The 
commognitive scores of the three students were negative 
at the end of the task. Therefore, through the diagnosis, it 
can be concluded that student S-4 is the clear leader of the 
group, and students S-1, S-2, and S-3 were marginalized. 
The group presented a triple marginalization phenomenon 
of commognition in the process of collaborative problem 
solving.

Group 2, which showed bilateral marginalization, 
spent 22 min and 33 s on collaborative problem solving, 
and the cognitive progress curve of each group member 
expressed an upward trend. However, S-1 and S-3 had 
higher contributions to the task than the other two from 
the beginning of collaborative problem solving. S4 and S2 
appeared to be in communication stagnation at [0:14:02] and 
[0:13:40] respectively in the process of the task. Therefore, 
through the diagnosis, it can be concluded that students 
S-2 and S-4 were marginalized, and the group presented a 
phenomenon of bilateral marginalization of commognition.

Unilateral Marginalization and  Weak Marginalization 
of Commognition The unilateral marginalization showed 
that one student in the group was marginalized, and the 
implicit cognitive progress in the process of collaborative 

Fig. 6  Cases of triple marginalization and bilateral marginalization in group communication: Group 1 and Group 2
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problem solving was significantly lower than that of other 
group members, and even had the situation of progress 
stagnation, such as S-3 of Group 3. Weak marginalization 
showed that there were no obvious marginalized students 
in the process of group collaborative problem solving, and 
the cognitive progress of each group member shows an 
upward trend. Occasionally, group members were slightly 
marginalized in the later stage, but it was not as obvious as 
the marginalized students in the unilateral marginalization 
phenomenon, such as Group 4, as shown in Fig. 7.

More specifically, Group 3 spent a total of 14 min and 
09 s on the corresponding tasks. From [0:7:57], students 
S-3 appeared to have a cognitive separation. It can be seen 
from the figure that the cognitive progress curve of the 
group as a whole showed an upward trend, but the curve 
of S-3 was obviously separated from the curve of the other 
three students, showing a low degree of task contribution, 
while the commognitive curve of the other students showed 
a parallel trend. Through the diagnosis, it can be concluded 
that student S-3 was obviously marginalized, and the 
group as a whole represented a unilateral marginalization 
phenomenon of commognition.

Weak marginalization was reflected in Group 4. The 
group spent a total of 14 min and 36 s on the task, and the 
cognitive progress of all members member was increased. 
It can be seen from the figure that the contribution degree of 
student S-1 stagnated at the later stage of the [0:8:16], but 
with the progress of the communication, the commognitive 
progress curve of all group members shared a parallel 
trend. However, there was no obvious marginalization in 
this group.

Conclusion and Enlightenment

The results of the current study revealed that when the 
number of students increases, the students discuss more 
within the object level instead of the meta-level. Educators 
need to take into account the personality of the students, 
and try to ensure that there are one or two outgoing and 
extrovert students in each group, so as to use them as the 
link of cooperative learning and communication in the 
group. Through this, better opportunities for commognition 
can be created, especially for meta-level commognition 
in group collaborative problem solving. Commognitive 
theory was mainly focused on the output of individuals. 
Students who lack output and are quiet most of the time 
during collaborations are usually treated as the ones who 
are not performing well enough. However, it is also possible 
that such a phenomenon of silence is due to motivation or 
personality issues. Thus, a student who is good at math can 
still have a low commognition level during collaboration. It 
will be interesting if we can expand our attention and include 
the phenomenon of silence when analyzing collaborative 
problem solving, to create a more comprehensive picture.

Females’ commognitive performance was found to be 
worse than males, especially in group collaborative problem 
solving. Specifically, males were higher than females in the 
average amount of commognitive discourse and the average 
amount of each level in group collaborative problem solving; 
on the other hand, males were also higher than females in 
the average amount of meta-level commognitive turn in 
pair collaborative problem solving. This also showed that 
males’ commognition in collaborative problem solving 

Fig. 7  Cases of unilateral marginalization and weak marginalization in group communication: Group 3 and Group 4



 J. Lu et al.

1 3

was more active and had more quality. By analyzing the 
gender distributions within the pairs and groups, we can 
conclude that the students’ commognitive levels and 
the quality of problem solving benefited from having a 
gender balance within pairs and groups. The cooperation 
between male students could also achieve a high quality of 
problem solving, while females performed the worst while 
cooperating with each other. The results align with the 
literature that mathematical problem solving favors male 
students (for review, see Zhu, 2007). According to Lubienski 
et al. (2021), the gender difference could possibly be due 
to their mathematics confidence, tendency to please the 
teacher, or their mental rotation skills. Although females 
usually have better math achievements academically (Stoet 
& Geary, 2015; Voyer & Voyer, 2014), when it comes to 
the contributions to collaborative problem solving and 
commognition, it seemed that males hold advantages. Better 
mathematical abilities and better academic achievements 
may not guarantee active or meaningful participation during 
collaborative problem solving activities. It is important to 
focus on the different characteristics of men and women in 
the teaching and education methods in order to let the male 
and female students grow up in a diversified educational 
environment and give full play to their talents. Therefore, 
more attention should be paid to the performance of female 
students in collaborative problem solving and commognitive 
organizations. The current study mainly focused on the 
process, instead of the results, of collaborative problem 
solving through the lens of commognitive theory. Other 
factors such as students’ math abilities, motivation, and 
personality could also affect the process. Future studies 
intergrading different variables could give us a clearer 
picture of such an intricate process.

Students’ marginalization during collaborative problem 
solving could also be possibly due to the mismatch of the 
students’ math abilities (Webb, 1991). The students with 
better math ability could initially and eventually be the 
leader of the discussion and dominate task process, which 
could lead to other students’ marginalization. Individual 
students’ motivation, anxiety, and personality could also 
affect their interaction. Extroverted individuals who are 
outgoing and active were found to participate more in 
math classes than introverted students (Webb, 1982). 
Students’ motivation, self-efficacy, self-concept, task 
value, and mathematics anxiety, according to Prast et al. 
(2018), could influence their mathematic performance. 
Similar findings have been noted by Namkung et  al. 
(2019) that mathematical anxiety negatively correlated 
with students’ math performances. In the current study, 
the phenomenon of marginalization is more serious in 
group situations than that in pairs. Educators need to pay 
special attention to unilateral and bilateral marginalization 
since those phenomena could have a significant impact 

on marginalized students. This kind of influence will 
make it difficult for students to participate in team 
commognition, and even affect the students’ social and 
language development. Additionally, the phenomenon of 
multi-marginalization could lead to the inefficiency of the 
whole collaborative problem solving and commognition. 
It is important for educators to develop targeted and 
effective intervention strategies for different strong 
marginalization phenomena, and conduct detailed research 
and classification.

Thus, future studies analyzing the problem solving 
activities in detail remain essential and necessary. For 
instance, if we employ Polya’s (Polya & Conway, 2011) 
framework of four-step problem solving and track the 
students’ commognitive levels during the stages of 
understanding the problem, making a plan, executing the 
plan, and reflecting, we could have a more comprehensive 
picture of students’ performance during problem solving 
activities. Although the present study had not considered 
the connection directly, based on the timeline and the 
progress of problem solving activities, we can estimate 
and predict the pattern through our visualization: In pair 
communications (Fig.  5), the marginalization began to 
manifest from the second stage when they were making 
plans, and continues to expand in the third stage when they 
carry out the plan. Similar in group communications (Figs. 6 
and 7), the second stage seemed to be a critical juncture 
of the marginalization because, as we can see in Figs. 5 
and 7, if the students showed no significant commognitive 
difference at the beginning of the problem solving activity, 
they would possibly avoid marginalization throughout the 
activity. Again, the explanations above were based on our 
predictions. A focused and detailed analysis needs to be 
done to confirm the estimation.

In addition, the study also provided future directions 
for the artificial intelligence (AI) in the field of students’ 
collaborative problem solving. According to the results 
of the current study, the level of meta commognitive was 
significantly lower in group collaborative problem solving 
than that of pairs. The learning terminals and AI partners 
in the future classroom could use the commognitive 
visualization framework and path built in our study as a 
reference, carry out the collaborative problem solving and 
commognitive visualization of students’ peers or groups 
using intelligent speech recognition, and help teachers 
better understand, intervene, and guide the students during 
the classroom activities, especially for the marginalized 
students. The AI partners, who provide personalized 
incentive measures based on the commognition of the 
students they serve, could stimulate effective cooperation 
among the students, and help to ease the marginalization in 
problem solving and cooperation.
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