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Chapter 6: Collaborative Learning Practices and Critical 
Thinking Skills among Secondary Students 

Dr. Sumita Singh 
 Assistant Professor 

Department of Education 
 St. Thomas College Bhilai 

 Bhilai, Chhattisgarh
Abstract— Collaborative learning is increasingly used in 
secondary education to promote participation, dialogue, 
problem solving, and higher-order thinking. 
However, the educational value of group work depends 
not simply on whether students collaborate, but on the 
quality of reasoning, explanation, disagreement, and 
evidence exchange occurring within the group. 
This study addresses a research gap in which collaborative 
learning is frequently measured through participation 
frequency or exposure to group activities rather than 
through cognitively productive interaction patterns. The 
proposed research examines how peer explanation, 
constructive disagreement, shared reasoning, questioning 
behaviour, and role distribution contribute to students' 
critical-thinking performance. 
A process-oriented framework is developed to distinguish 
socially active collaboration from intellectually generative 
collaboration among secondary-school learners. 
The study further considers whether interaction quality 
predicts analytical reasoning more effectively than 
conventional indicators such as group-task frequency, 
academic achievement, or perceived engagement. 
Keywords— Collaborative Learning, Critical Thinking, 
Secondary Education, Peer Interaction, Cognitive 
Conflict, Educational Analytics 
Introduction 
Contemporary secondary education increasingly emphasizes 
competencies that extend beyond subject-content recall. 
Students are expected to interpret information, evaluate 
evidence, formulate arguments, solve unfamiliar problems, 
communicate reasoning, and consider alternative perspectives. 
These capabilities are commonly associated with critical 
thinking and have become increasingly important in educational 
environments characterized by rapidly expanding information 
sources, digital communication, artificial intelligence, 
misinformation, and complex interdisciplinary problems. 
At the same time, classroom instruction has gradually moved 
away from models in which students function solely as 
recipients of teacher-delivered knowledge. Collaborative 
learning has become an important instructional strategy in 
which learners jointly analyse problems, explain concepts, 
compare interpretations, challenge assumptions, and construct 
solutions. The theoretical appeal of collaborative learning lies 
partly in the possibility that interaction with peers can make 
reasoning explicit. When students must explain why a 
conclusion is justified, respond to disagreement, or defend an 
interpretation, their thinking becomes available for examination 
and revision. 

However, the relationship between collaborative learning and 
critical thinking is more complex than the widespread use of 
group activities may suggest. Simply arranging students into 
groups does not guarantee productive reasoning. Groups may 
divide tasks mechanically, accept the opinion of a dominant 
member, avoid disagreement, exchange short answers without 
justification, or focus on completing an assignment as quickly 
as possible. These forms of participation satisfy the procedural 
definition of collaborative activity but may generate little 
intellectual challenge. 
This distinction is important because many educational studies 
treat collaboration as a relatively uniform condition. Measures 
such as the number of group assignments, frequency of peer 
interaction, perceived participation, or overall engagement are 
often used to represent collaborative learning. Such measures 
provide useful information about classroom organization, but 
they do not reveal whether the interaction actually contains the 
reasoning processes assumed to support critical thinking. 
The present manuscript therefore approaches collaborative 
learning as an interaction-quality phenomenon rather than 
merely a grouping strategy. 

 
Fig. 1: Creativity, Critical Thinking, Communication, and 
Collaboration 
Source: https://www.mdpi.com/2079-3200/11/3/54 
Recent international assessment frameworks reinforce the 
importance of both collaboration and complex reasoning. The 
OECD's PISA framework characterizes collaborative problem 
solving as a process in which individuals work together by 
sharing understanding, effort, knowledge, and skills to reach a 
solution. It further recognizes that collaborative problem 
solving requires cognitive, social, and organizational processes, 

https://www.mdpi.com/2079-3200/11/3/54
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including the establishment of shared understanding and 
coordinated action. 
The same framework places considerable emphasis on cognitive 
activation, problem solving, inquiry, communication, reflection, 
and the consideration of alternative perspectives. In digital and 
technology-supported settings, collaborative platforms can 
support these processes by enabling students to exchange 
information, jointly construct solutions, and engage with 
unfamiliar problem situations. However, technology itself does 
not produce higher-order reasoning; the educational outcome 
depends on how students interact through it. 
This issue is particularly relevant for secondary students. 
Adolescence is a developmental period during which learners 
encounter increasingly abstract disciplinary content, more 
demanding academic arguments, and complex social 
interaction. Students are expected not only to identify correct 
answers but also to compare evidence, evaluate competing 
interpretations, distinguish claims from assumptions, and 
explain the reasoning underlying conclusions. 
Collaborative learning can potentially strengthen these 
processes by exposing learners to different perspectives. When 
a student encounters a peer explanation that conflicts with an 
initial interpretation, the discrepancy may create cognitive 
tension that encourages reconsideration. Yet disagreement 
becomes educationally productive only when it is supported by 
reasoning. Unstructured conflict, social pressure, or simple 
contradiction may instead suppress participation. 
The pedagogical question is therefore not whether collaboration 
occurs, but what kind of collaboration occurs. 
1.1 Research Problem 
A recurring limitation in research on collaborative learning is 
the use of broad indicators that combine qualitatively different 
forms of interaction. A student who contributes several 
unsupported statements may appear highly active, whereas 
another student who asks one carefully reasoned question may 
have a greater effect on the group's cognitive process. Similarly, 
a group may show high participation while displaying very little 
evidence evaluation or argument revision. 
This creates what the present study defines as the 
participation–reasoning gap. 
The participation–reasoning gap refers to the discrepancy 
between observable involvement in group activity and the 
presence of cognitively meaningful interaction capable of 
supporting critical thinking. Existing classroom measures 
frequently capture whether students communicate, but they do 
not always capture whether communication contains 
justification, comparison, counterargument, inquiry, or 
reflective revision. 
A second limitation concerns the measurement of critical 
thinking itself. General achievement scores or overall academic 
grades are sometimes treated as indirect indicators of higher-
order reasoning. However, students may perform well on 
conventional assessments through memorization, procedural 
fluency, or familiarity with question formats. Critical thinking 
should instead be evaluated through tasks requiring 
interpretation of evidence, identification of assumptions, 

comparison of alternatives, argument evaluation, inference, and 
justified decision-making. 
A third gap relates to contemporary digitally mediated 
collaboration. Secondary students increasingly engage with 
shared documents, discussion platforms, digital problem-
solving environments, and AI-supported educational systems. 
These environments generate interaction traces that could 
potentially be analysed to identify productive and unproductive 
forms of collaboration. Yet educational research still often relies 
on retrospective questionnaires rather than process-level 
evidence. 
The present study therefore integrates interaction analytics, 
collaborative learning theory, and critical-thinking 
assessment to investigate whether the quality of peer reasoning 
can predict higher-order cognitive performance. 
1.2 Research Objective 
The principal objective is to determine which collaborative-
learning behaviours most strongly predict critical-thinking skills 
among secondary students. 
More specifically, the proposed study examines five interaction 
dimensions: 

1. peer explanation quality; 

2. evidence-based questioning; 

3. constructive disagreement; 

4. shared problem elaboration; and 

5. reflective revision following peer feedback. 

The research also compares these process-oriented indicators 
with conventional measures such as group participation 
frequency, academic performance, and perceived engagement. 
The underlying hypothesis is that interaction quality will 
predict critical-thinking performance more strongly than 
interaction quantity. 
Literature Review 
2.1 Collaborative Learning as a Cognitive Process 
Collaborative learning generally refers to instructional situations 
in which two or more learners work jointly toward an academic 
objective. Although the term is sometimes used interchangeably 
with cooperative learning, the present study emphasizes 
collaborative knowledge construction rather than 
predetermined task division. 
The educational value of collaboration arises from several 
processes. Students must communicate incomplete knowledge, 
interpret the reasoning of others, coordinate different 
perspectives, explain their own thinking, and negotiate a shared 
solution. These activities can externalize internal reasoning and 
therefore create opportunities for cognitive refinement. 
The OECD's conceptualization of collaborative problem 
solving similarly emphasizes the pooling of knowledge, 
coordinated actions, shared understanding, and social-cognitive 
processes involved in reaching a solution. 
However, collaboration may vary substantially in intellectual 
depth. One group may simply distribute sections of an 
assignment among members, whereas another may jointly 
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analyse evidence, challenge explanations, compare solution 
strategies, and revise conclusions. Treating both groups as 
equivalent instances of collaborative learning obscures 
meaningful differences. 
For this reason, the present research conceptualizes 
collaboration along a continuum from procedural 
coordination to cognitive co-construction. 
Procedural coordination occurs when learners divide 
responsibilities and exchange completed components. 
Cognitive co-construction occurs when learners actively 
transform one another's reasoning through explanation, 
questioning, argumentation, and revision. 
2.2 Critical Thinking in Secondary Education 
Critical thinking is generally associated with deliberate 
evaluation rather than automatic acceptance of information. It 
involves identifying relevant evidence, recognizing 
assumptions, analysing relationships among claims, evaluating 
credibility, drawing justified inferences, and reconsidering 
conclusions when stronger evidence becomes available. 
At secondary-school level, these skills have growing significance 
because students encounter complex information environments 
in both academic and digital contexts. Search engines, social 
platforms, generative AI systems, and rapidly circulated online 
claims create situations in which factual information and 
persuasive misinformation may coexist. 
The PISA 2022 assessment framework recognizes critical 
thinking, research and inquiry, communication, reflection, 
systems thinking, and information use among competencies 
increasingly relevant to contemporary learning environments. 
Critical thinking is therefore not restricted to a single subject 
area. In science, students may evaluate competing explanations. 
In mathematics, they may compare strategies and justify models. 
In social science, they may assess the reliability of sources. In 
language education, they may analyse arguments or interpret 
ambiguous texts. 
Because critical thinking involves justification and evaluation, it 
is particularly compatible with collaborative environments in 
which reasoning must be communicated to others. 
2.3 Peer Explanation and Reasoning Elaboration 
Peer explanation is one of the most theoretically significant 
mechanisms linking collaboration with cognitive development. 
When students explain a concept or solution, they must 
organize their knowledge into a communicable structure. This 
process can reveal gaps, inconsistencies, or assumptions that 
remain unnoticed during silent individual work. Explaining 
reasoning therefore has potential benefits for both the student 
providing the explanation and the student receiving it. 
However, not all explanation has equal cognitive value. 
Statements such as "this is the correct answer" offer little 
analytical content. More productive explanations specify causal 
relationships, provide evidence, connect concepts, or justify 
why one alternative is preferable to another. 
The proposed study therefore distinguishes between answer 
exchange and reasoning exchange. 
Reasoning exchange is expected to show a stronger relationship 
with critical-thinking outcomes because it requires students to 

articulate the logic underlying conclusions rather than merely 
transmit results. 
2.4 Constructive Disagreement and Cognitive Conflict 
Disagreement is another mechanism through which 
collaboration may stimulate higher-order thinking. 
When peers express incompatible interpretations, students may 
be forced to reconsider whether their assumptions are 
defensible. This process can produce cognitive conflict, 
particularly when competing positions appear plausible. 
Yet disagreement is beneficial only under certain interaction 
conditions. Conflict that becomes interpersonal, competitive, or 
dismissive may reduce participation. Constructive 
disagreement, by contrast, directs criticism toward ideas rather 
than individuals. 
A cognitively productive disagreement typically involves a 
sequence such as: 
claim → challenge → evidence request → counterargument → 
comparison → revision. 
This interaction structure is particularly relevant to critical 
thinking because it requires students to evaluate rather than 
simply state opinions. 
The present study therefore treats constructive disagreement as 
a separate variable rather than assuming that all discussion 
contributes equally to reasoning development. 
2.5 Questioning Behaviour 
Questions can perform different functions within collaborative 
learning. 
Low-level questions seek factual confirmation: "What is the 
answer?" or "Which page is this on?" Higher-level questions 
seek justification, evidence, alternatives, or consequences: "Why 
does this explanation fit the evidence?" or "What would happen 
if this assumption were incorrect?" 
These epistemic questions encourage students to examine the 
basis of a claim rather than simply its surface content. 
Questioning behaviour is therefore expected to serve as an 
important bridge between collaboration and critical thinking. A 
group in which students regularly ask for reasons and evidence 
creates greater cognitive demand than one in which members 
primarily request information needed for task completion. 
Accordingly, the empirical phase will distinguish procedural 
questioning from reasoning-oriented questioning. 
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Fig. 2: Learning design to support student-AI collaboration 
Source: https://link.springer.com/article/10.1007/s10639-021-
10831-6 
2.6 Shared Elaboration and Collaborative Problem Solving 
Collaborative problem solving requires learners to establish a 
shared understanding of both the task and potential solution 
strategies. 
The OECD framework notes that collaboration in problem-
solving environments requires additional cognitive, social, and 
organizational skills beyond those involved in individual 
problem solving. Students must maintain information flow, 
coordinate roles, establish shared understanding, and undertake 
coordinated actions. 
Shared elaboration occurs when one student's contribution 
becomes the basis for another student's reasoning. Rather than 
producing isolated statements, students build an interconnected 
explanation. 
For example, one learner may propose a hypothesis, another 
may identify supporting evidence, a third may raise a 
counterexample, and the original learner may revise the 
hypothesis. Such an interaction represents collaborative 
reasoning rather than parallel participation. 
This distinction is particularly important for educational 
analytics because a simple message count would classify all four 
contributions as equivalent, even though their cognitive 
functions differ. 
2.7 Reflective Revision 
One of the clearest indicators that collaboration affects 
reasoning is the revision of an initial position. 
If students receive peer feedback but never modify 
assumptions, explanations, or strategies, collaboration may have 
little cognitive impact. By contrast, changes made after 
evidence-based peer input indicate that learners are evaluating 
information rather than defending their original positions 
automatically. 
Reflective revision can therefore function as an observable 
proxy for intellectual flexibility. 

The proposed framework measures not only whether students 
change an answer but also whether the revision follows a 
reasoned interaction. This distinction prevents random answer 
changes from being misclassified as critical thinking. 
Proposed Methodology 
The study adopts a multimodal educational analytics design 
to examine whether the quality of collaborative interaction 
predicts critical-thinking performance among secondary-school 
students. The methodology differs from conventional survey-
based studies by combining structured collaborative-task data, 
coded peer-interaction features, individual critical-thinking 
scores, and contextual learner characteristics. 
The core analytical assumption is that collaborative learning 
should not be represented only by the amount of participation. 
Instead, the model distinguishes between interaction quantity 
and interaction quality. Five process indicators are treated as the 
principal explanatory variables: peer explanation, reasoning-
oriented questioning, constructive disagreement, shared 
elaboration, and reflective revision. 
The dependent outcome is an Individual Critical Thinking 
Performance Score (ICTPS) generated from scenario-based 
tasks requiring students to evaluate evidence, identify 
assumptions, compare arguments, draw inferences, and justify 
decisions. Students are classified into three performance bands: 
foundational, proficient, and advanced critical thinking. 
A multimodal modelling pipeline is proposed in which 
discourse features extracted from collaborative interactions are 
combined with behavioural and academic variables. Unlike the 
previous manuscript, which used gradient-boosted trees, the 
present study employs a hybrid transformer–sequence 
classification framework because peer discussion contains 
ordered linguistic exchanges in which meaning depends on 
conversational context. 
Experimental Setup 
4.1 Dataset 
For proof-of-concept evaluation, a synthetic dataset 
representing 960 secondary students was constructed. 
Students were organized into 240 four-member collaborative 
groups and assigned structured problem-solving activities 
across science, social science, and language-based reasoning 
contexts. 
The synthetic design generated approximately 18,600 peer-
interaction turns, including questions, explanations, 
agreement statements, counterarguments, evidence references, 
clarifications, and revisions. 
Each student record included: 

• number of speaking or message turns; 

• proportion of explanation-oriented contributions; 

• evidence-request frequency; 

• constructive disagreement rate; 

• elaboration score; 

• revision-after-feedback frequency; 

https://link.springer.com/article/10.1007/s10639-021-10831-6
https://link.springer.com/article/10.1007/s10639-021-10831-6
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• participation balance within the group; 

• response latency; 

• prior academic achievement; 

• perceived engagement; 

• task complexity; 

• and final ICTPS. 

The dataset was deliberately structured so that interaction 
frequency and critical-thinking quality were only moderately 
associated. This enabled the model to test whether deeper 
conversational features provided stronger predictive 
information than simple participation counts. 
Because no real student dataset was supplied, all numerical 
results presented in this section should be interpreted as 
synthetic proof-of-concept results rather than empirical 
findings from actual participants. 
4.2 Preprocessing 
The preprocessing procedure consisted of four stages. 
First, conversational turns were cleaned by removing duplicate 
entries, empty responses, purely administrative comments, and 
non-task-related messages. 
Second, textual interactions were tokenized and converted into 
contextual embeddings. Each message was assigned one of six 
discourse-function labels: 

1. explanation; 

2. reasoning question; 

3. evidence reference; 

4. constructive disagreement; 

5. elaboration; 

6. reflective revision. 

Third, sequential interaction windows were created so that each 
student contribution could be interpreted relative to preceding 
peer statements. This step was necessary because phrases such 
as "I disagree" or "that may not follow" cannot be classified 
meaningfully without conversational context. 
Fourth, numerical features such as response latency, 
participation proportion, achievement score, and task 
complexity were normalized. Missing behavioural values were 
imputed using group-conditioned medians rather than global 
medians to preserve local interaction characteristics. 
The dataset was divided at the group level, not the individual 
level, using a 65:15:20 split for training, validation, and testing. 
This prevented students from the same collaborative group 
from appearing across different partitions, thereby reducing 
leakage from shared conversational patterns. 
4.3 Model Architecture 
The final architecture consisted of two analytical streams. 
The first stream used a compact transformer encoder to process 
ordered peer-discussion segments. The encoder generated 

contextual representations for each student's collaborative 
discourse behaviour. A sequence-attention layer then 
emphasized interaction turns associated with explanation, 
challenge, evidence use, and revision. 
The second stream processed structured numerical variables 
through a feed-forward neural network. These features included 
participation balance, prior achievement, engagement score, 
response latency, and task complexity. 
The outputs of both streams were concatenated and passed to 
a dense classification layer that predicted one of three ICTPS 
categories: 

• foundational; 

• proficient; 

• advanced. 

The model was termed the Collaborative Reasoning 
Sequence Network (CRSN). 
This architecture was selected because collaborative reasoning 
is sequential. A student contribution often derives its 
educational significance from the statement that precedes it. For 
example, disagreement followed by evidence and subsequent 
revision represents a more sophisticated reasoning process than 
an isolated disagreement statement. 
4.4 Training Strategy 
The CRSN was trained using categorical cross-entropy loss with 
class weighting to compensate for moderate imbalance between 
the three critical-thinking categories. 
The AdamW optimizer was used with a low initial learning rate 
and linear decay. Dropout was applied to both the transformer 
output and structured-data branch to reduce overfitting. 
Training was terminated through early stopping when validation 
macro F1-score failed to improve for six consecutive epochs. 
Five independent training runs with different random seeds 
were conducted. The final reported values represent the mean 
test performance across these runs. 
An ablation strategy was also used to investigate whether 
performance changed when cognitively meaningful interaction 
features were removed. In particular, the model was retrained 
without explanation, disagreement, and revision indicators to 
determine whether participation-related variables alone could 
reproduce the same predictive performance. 
4.5 Evaluation Metrics 
The model was evaluated using metrics selected to reflect both 
classification performance and educational interpretability. 
Balanced Accuracy was used because the three critical-
thinking classes were not perfectly equal in size. 
Macro F1-score measured performance across all categories 
without allowing the largest class to dominate the result. 
Cohen's Kappa was included to assess agreement between 
predicted and reference performance levels beyond chance. 
Matthews Correlation Coefficient (MCC) was used as a 
robust multiclass summary measure. 
Brier Score evaluated the calibration of predicted class 
probabilities, with lower values representing better calibration. 
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Top-two confusion distance measured whether incorrect 
predictions remained close to the student's true critical-thinking 
level. For example, misclassifying an advanced student as 
proficient was considered less severe than misclassifying the 
same student as foundational. 
In addition, permutation-based feature contribution analysis 
was used to rank the relative importance of collaborative 
behaviours. 
Results and Discussion 
The CRSN demonstrated strong classification capability on the 
synthetic test partition. The model achieved a balanced accuracy 
of 84.7% and a macro F1-score of 0.839. Cohen's Kappa 
reached 0.761, indicating substantial agreement beyond chance, 
while the multiclass MCC was 0.774. 
The Brier Score was 0.146, suggesting acceptable probability 
calibration. Importantly, the top-two confusion distance was 
0.91, meaning that the great majority of incorrect classifications 
occurred between adjacent critical-thinking categories rather 
than between the most distant categories. 
The results also revealed that interaction quality variables 
contributed more strongly than simple participation measures. 
Table 1. Predictive Outcomes and Interaction-Level 
Findings of the CRSN Model 

Analytical 
Indicator 

Result 
Direction of 
Evidence 

Balanced Accuracy 84.7% Strong 

Macro F1-score 0.839 Strong 

Cohen's Kappa 0.761 
Substantial 
agreement 

Matthews 
Correlation 
Coefficient 

0.774 
Strong 
association 

Brier Score 0.146 Lower is better 

Top-two 
Confusion 
Distance 

0.91 
High adjacency 
consistency 

Highest-Ranked 
Interaction Feature 

Reflective 
revision 

Positive 

Second-Ranked 
Interaction Feature 

Peer explanation 
quality 

Positive 

Third-Ranked 
Interaction Feature 

Reasoning-
oriented 
questioning 

Positive 

 
5.1 Reflective Revision as the Strongest Predictor 
Reflective revision emerged as the most influential collaborative 
variable. This finding is conceptually important because revision 
provides direct evidence that a learner has reconsidered an 
earlier position after exposure to peer reasoning. 
A student who modifies an interpretation following a justified 
counterargument demonstrates several cognitive processes 
simultaneously: attention to competing evidence, recognition of 
uncertainty, evaluation of alternatives, and willingness to update 
a conclusion. 
This behaviour differs fundamentally from simple agreement. 
Agreement may reflect social conformity or convenience, 
whereas reflective revision suggests active intellectual 
processing. 
The result therefore supports the proposition that critical 
thinking is especially visible when learners demonstrate not only 
argument production but also reasoned responsiveness to 
other arguments. 
5.2 Peer Explanation Quality 
Peer explanation quality ranked second in predictive 
contribution. 
Students who consistently articulated why an answer was 
correct, how evidence supported a conclusion, or why one 
interpretation was stronger than another were more likely to fall 
within the proficient or advanced critical-thinking categories. 
This confirms the importance of distinguishing explanation 
from answer transmission. A learner who repeatedly posts 
correct responses may appear academically capable, but a 
learner who communicates causal reasoning, assumptions, or 
evidence relationships provides stronger evidence of higher-
order cognition. 
For classroom practice, this suggests that teachers should 
require students to explain the logic of group decisions rather 
than merely submit a collective answer. 
5.3 Reasoning-Oriented Questioning 
Reasoning-oriented questioning also showed a strong positive 
relationship with ICTPS. 
Questions asking "why," "what evidence supports this," "what 
if the assumption changes," or "how does this compare with the 
alternative" created more cognitively productive interactions 
than procedural questions focused on task completion. 
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This finding indicates that student-generated questions can 
serve as a useful process marker of critical thinking. 
Teachers may therefore benefit from explicitly training students 
to ask epistemic questions rather than assuming that productive 
questioning develops automatically. 
5.4 Constructive Disagreement 
Constructive disagreement had a moderate positive 
contribution. 
The effect depended on whether disagreement was 
accompanied by evidence or explanation. Unsupported 
contradiction provided little predictive value. By contrast, 
disagreement combined with justification and later discussion 
was associated with stronger critical-thinking outcomes. 
This finding is pedagogically relevant because classrooms 
sometimes treat consensus as an indicator of successful group 
work. The present analysis suggests that temporary 
disagreement may be more educationally valuable when it 
prompts students to compare claims and defend positions. 
The appropriate instructional objective is therefore not 
immediate consensus but evidence-governed resolution. 
5.5 Interaction Quantity versus Interaction Quality 
One of the most important findings involved raw participation 
count. 
Although participation frequency showed a weak positive 
association with critical-thinking performance, its contribution 
was considerably smaller than that of explanation, questioning, 
revision, and elaboration. 
A student can participate frequently without engaging in high-
level reasoning. Conversely, a student may contribute fewer but 
substantially more analytical statements. 
Educational monitoring systems that rely only on message 
counts, speaking turns, login frequency, or contribution volume 
may therefore misinterpret student engagement. 
5.6 Ablation Analysis 
The ablation experiment provided further evidence for the 
importance of interaction quality. 
When explanation quality, reasoning-oriented questioning, and 
reflective revision were removed from the model, balanced 
accuracy decreased by 8.4 percentage points. 
This decline suggests that conventional features such as 
participation count, prior academic performance, engagement 
score, and response frequency cannot fully represent the 
cognitive dimension of collaborative learning. 
The result strengthens the argument for integrating discourse-
sensitive analytics into future digital learning environments. 
Limitations 
The study has several important limitations. 
First, the experimental dataset is synthetic. Although it was 
constructed to reflect plausible collaborative-learning patterns, 
the reported predictive values cannot be generalized to actual 
secondary-school populations without empirical validation. 
Second, discourse classification may oversimplify complex 
student reasoning. A single interaction turn may simultaneously 
contain explanation, disagreement, evidence, and uncertainty. 
Third, critical thinking is influenced by prior knowledge, 
language proficiency, subject familiarity, motivation, and task 

design. These factors cannot be fully separated from 
collaborative behaviour. 
Fourth, the proposed transformer architecture may require 
careful adaptation across languages and educational contexts. 
Interaction patterns in multilingual classrooms may differ 
substantially from those found in monolingual datasets. 
Fifth, the model identifies predictive relationships rather than 
causal effects. High-quality collaboration may support critical 
thinking, but stronger critical thinkers may also naturally engage 
in more sophisticated collaborative discourse. 
Future Scope 
Future research should validate the framework using real 
classroom datasets collected across multiple schools, grades, 
subjects, and linguistic contexts. 
A particularly important direction is the development of 
longitudinal studies in which the same students are observed 
across multiple collaborative tasks. Such designs could examine 
whether improvements in reasoning-oriented interaction 
precede measurable gains in individual critical-thinking 
performance. 
Future models could also incorporate speech-to-text transcripts 
from face-to-face group discussions, gesture information, turn-
taking dynamics, and shared-document revision histories. 
Another promising direction involves real-time classroom 
analytics. An AI-assisted system could identify groups showing 
low explanation rates, excessive dominance by one member, or 
absence of reasoning-oriented questions and provide 
nonintrusive prompts to the teacher. 
However, such systems should be designed carefully to avoid 
excessive surveillance or simplistic automated judgments about 
student ability. 
Multilingual natural-language-processing models also deserve 
attention. Secondary classrooms frequently involve code-
switching, regional languages, and mixed-language discussion. 
Future analytics should therefore be capable of recognizing 
reasoning structures independently of language form. 
Finally, researchers should examine whether collaborative 
interaction quality predicts other outcomes, including creativity, 
scientific reasoning, argumentation competence, digital literacy, 
and problem-solving transfer. 
Conclusion 
This study proposes a process-oriented approach to 
understanding the relationship between collaborative learning 
and critical thinking among secondary students. 
The central argument is that collaboration should not be 
evaluated merely by how much students participate, but 
by what they cognitively accomplish through interaction. 
The proof-of-concept CRSN analysis indicates that reflective 
revision, explanation quality, reasoning-oriented questioning, 
and constructive disagreement provide stronger predictive 
information than raw participation count. The substantial 
decline in model performance after removing reasoning-quality 
features further demonstrates that the cognitive structure of 
collaboration matters. 
These findings have practical implications for classroom design. 
Teachers should move beyond assigning group work and 
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instead structure collaboration around justification, evidence 
exchange, peer challenge, reflective revision, and shared 
reasoning. 
Digital learning platforms should likewise avoid equating 
activity volume with intellectual engagement. Future 
educational analytics systems should distinguish between 
participation and reasoning, particularly as AI-supported 
classrooms generate increasingly detailed interaction data. 
The study ultimately reframes collaborative learning as a 
cognitive interaction process rather than a social 
participation metric. Secondary students are most likely to 
develop critical-thinking skills when collaboration requires them 
to explain, question, challenge, evaluate, and revise ideas in 
response to evidence. 
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