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ABSTRACT 

 

This paper examines organized interpretive frameworks for analyzing changing systems within collaborative learning 
environments in applied mathematics. The study situates itself at the intersection of mathematics education, systems theory, 
and socio-constructivist learning sciences, focusing on how learners collectively construct, negotiate, and transform 
mathematical knowledge in dynamic group settings. As applied mathematics increasingly emphasizes interdisciplinary 
problem-solving and real-world modeling, understanding collaborative cognitive processes becomes essential for both 
theoretical advancement and instructional design. 
The research synthesizes interpretive approaches derived from activity theory, situated cognition, and discourse analysis 
to conceptualize collaborative learning as an evolving system rather than a static pedagogical structure. Emphasis is placed 
on how mathematical meaning emerges through interaction, how conceptual shifts occur in group contexts, and how 
interpretive frameworks can capture these transformations over time. The study further explores the role of technological 
mediation, adaptive learning environments, and representational fluency in shaping collaborative mathematical reasoning. 
Findings from the literature indicate that collaborative mathematical learning is characterized by non-linear progression, 
distributed cognition, and iterative refinement of conceptual understanding. The paper argues that traditional linear 
assessment models are insufficient for capturing these dynamics and proposes a multi-layered interpretive framework 
integrating systemic, semiotic, and interactional dimensions of learning. The study concludes that advancing applied 
mathematics education requires a shift toward system-oriented interpretive methodologies capable of modeling evolving 
learner interactions in real time. 
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INTRODUCTION 

Background 

Applied mathematics education has undergone significant 

transformation in recent decades, driven by increasing 

computational complexity, interdisciplinary applications, and 

evolving pedagogical paradigms. Traditional instruction 

models, which often emphasize procedural fluency and 

individual problem-solving, are gradually being replaced by 

collaborative, inquiry-driven approaches that reflect the 

nature of real-world mathematical practice [1]. 

In contemporary educational contexts, mathematics is no 

longer viewed solely as a fixed body of knowledge but as a 

dynamic system of reasoning practices that emerge through 

interaction, representation, and contextualization. 

Collaborative learning environments (CLEs) have thus 

become central to modern mathematics education, 

particularly in applied domains where modeling, 

simulation, and interpretation are essential competencies 

[2]. 

Within such environments, learners engage in shared 

reasoning processes, negotiate meaning, and construct 

mathematical understanding through discourse and 

collective exploration. However, the interpretive study of 

these processes remains a methodological challenge due 

to their fluid, non-linear, and context-dependent nature. 

Problem Statement 

Despite extensive research on collaborative learning, 

there remains a lack of unified interpretive frameworks 

capable of systematically analyzing changing cognitive and 
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social systems within applied mathematics education. Existing 

models often focus either on individual cognition or on static 

group performance metrics, failing to capture the evolving 

dynamics of interaction, conceptual change, and 

representational transformation [3]. 

This limitation restricts the ability of educators and 

researchers to fully understand how mathematical ideas 

develop within groups over time and how instructional 

interventions can be optimized for dynamic learning 

environments. 

Literature Gap 

While socio-constructivist theories emphasize the importance 

of interaction in learning, and systems theory provides tools 

for modeling complex adaptive processes, there is limited 

integration between these perspectives in applied 

mathematics education research. Furthermore, interpretive 

methodologies that account for temporal evolution in 

collaborative problem-solving remain underdeveloped. 

Most studies rely on snapshot analyses of group behavior 

rather than longitudinal modeling of learning systems as 

evolving structures. This gap necessitates the development of 

organized frameworks that can interpret collaborative 

learning as a dynamic system characterized by continuous 

feedback, adaptation, and restructuring of mathematical 

understanding. 

Objectives 

The primary objectives of this study are: 

 

1. To synthesize existing theoretical perspectives on 

collaborative learning in applied mathematics.  

2. To analyze interpretive frameworks used in studying 

dynamic educational systems.  

3. To conceptualize collaborative learning as an evolving 

system of mathematical reasoning.  

4. To identify methodological limitations in current 

approaches.  

5. To propose an integrated interpretive framework for 

analyzing changing systems in CLEs.  

Literature Review 

Socio-Constructivist Foundations of Collaborative 

Learning 

The theoretical foundation of collaborative learning is 

strongly rooted in socio-constructivism, particularly the work 

of Vygotsky, who emphasized the social nature of cognitive 

development and the role of language in shaping thought [4]. 

The concept of the Zone of Proximal Development (ZPD) 

provides a foundational lens through which collaborative 

mathematical reasoning can be understood as a socially 

mediated process. 

In applied mathematics education, this perspective 

implies that learners construct understanding not in 

isolation but through structured interaction with peers 

and instructors. Knowledge emerges through negotiation, 

explanation, and justification, making discourse a central 

analytical unit. 

Later extensions of constructivist theory, including radical 

constructivism, further emphasize the learner’s active role 

in constructing mathematical meaning based on prior 

knowledge structures [5]. However, these frameworks 

often underrepresent the systemic dynamics of group 

interaction. 

Situated Cognition and Contextual Learning 

Situated cognition theory argues that knowledge is 

inherently tied to the context and activity in which it is 

developed [6]. Lave and Wenger’s concept of communities 

of practice highlights how learning occurs through 

participation in socially organized activities rather than 

through abstract transmission of information. 

In applied mathematics, this perspective is particularly 

relevant, as learners engage in authentic problem-solving 

scenarios that mirror professional mathematical practice. 

Collaborative environments function as micro-

communities where mathematical tools and 

representations are co-constructed. 

However, while situated cognition emphasizes context, it 

provides limited formal structure for analyzing temporal 

changes in group cognition, particularly in computational 

or model-based mathematical tasks. 

Activity Theory and Systemic Interaction Models 

Activity theory, derived from the work of Engeström, 

offers a more structured systemic approach to analyzing 

human learning activity [7]. It conceptualizes learning as 

an activity system composed of subjects, tools, rules, 

community, and division of labor. 

This framework is particularly useful in interpreting 

collaborative mathematical learning because it accounts 

for both individual agency and systemic constraints. 

Activity systems are inherently dynamic, evolving through 

contradictions and expansions that drive learning 

transformation. 

In applied mathematics education, contradictions often 

arise when learners attempt to reconcile abstract 

mathematical representations with real-world 

constraints, leading to conceptual restructuring. 

Discourse Analysis in Mathematical Learning 



 
RANDSPUBLICATIONS                                                                                                                      Page No. 07-14 

 

  

https://randspublications.org/index.php/ijam 9 

 

Discourse analysis has been widely used to examine how 

mathematical meaning is constructed through language. 

Sfard’s communicational theory of learning conceptualizes 

thinking as a form of internalized communication [8]. 

In collaborative settings, mathematical discourse serves as the 

primary medium through which reasoning is externalized, 

negotiated, and refined. Researchers have identified patterns 

such as argumentation, justification, and revoicing as key 

mechanisms in collaborative knowledge construction. 

However, discourse analysis alone often lacks the capacity to 

model system-level changes across time, limiting its 

applicability to dynamic learning systems. 

Systems Theory and Dynamic Learning Environments 

Systems theory provides a powerful lens for understanding 

learning as a complex adaptive system characterized by 

feedback loops, emergent behavior, and non-linearity [9]. In 

educational contexts, this perspective allows researchers to 

model classrooms and collaborative groups as dynamic 

systems rather than static entities. 

In applied mathematics education, systems thinking aligns 

naturally with the discipline’s emphasis on modeling, 

simulation, and quantitative reasoning. Learning processes 

can thus be interpreted as evolving mathematical systems 

themselves. 

Recent advancements in learning analytics have further 

enabled the quantitative tracking of interaction patterns in 

collaborative environments, providing empirical grounding 

for systems-based interpretive frameworks [10]. 

Interpretive Frameworks in Mathematics Education 

Research 

Interpretive research methodologies emphasize meaning-

making processes and contextual understanding rather than 

purely quantitative measurement. In mathematics education, 

interpretive approaches are often used to analyze student 

reasoning, conceptual change, and problem-solving strategies. 

However, traditional interpretive frameworks often focus on 

micro-level interactions without adequately addressing 

system-level evolution. This creates a methodological gap 

between qualitative insight and systemic modeling. 

Integrating interpretive methods with systems theory offers a 

promising direction for addressing this limitation, enabling 

researchers to capture both the depth of mathematical 

reasoning and the structure of its evolution over time. 

Synthesis and Conceptual Positioning 

The reviewed literature indicates a convergence of multiple 

theoretical traditions—socio-constructivism, situated 

cognition, activity theory, discourse analysis, and systems 

theory—each contributing distinct but incomplete 

perspectives on collaborative mathematical learning. 

Socio-constructivist theories emphasize social interaction 

but lack formal system dynamics. Situated cognition 

contextualizes learning but under-specifies temporal 

evolution. Activity theory introduces systemic structure 

but requires further refinement for fine-grained 

mathematical interpretation. Discourse analysis provides 

linguistic depth but limited system-level modeling 

capability. Systems theory offers structural modeling but 

often lacks interpretive sensitivity to meaning-making 

processes. 

This fragmentation highlights the need for an integrated 

interpretive framework capable of capturing: 

 

• The evolving nature of mathematical understanding in 

groups  

• The systemic structure of collaborative learning 

environments  

• The semiotic processes underlying mathematical 

reasoning  

• The temporal dynamics of conceptual change  

 

Such a framework would allow applied mathematics 

education to move beyond static performance evaluation 

toward dynamic system interpretation. 

Research Objectives Revisited 

In light of the literature synthesis, this study positions 

itself toward developing an integrated interpretive model 

that conceptualizes collaborative learning in applied 

mathematics as a changing system characterized by 

interactional, cognitive, and representational dynamics. 

The following parts of this paper will operationalize this 

framework through methodological design and empirical 

modeling approaches. 

Methodology 

Research Design 

This study adopts a qualitative-interpretive research 

design grounded in socio-constructivist and systems-

theoretic paradigms. The central aim is to examine 

collaborative learning in applied mathematics as a 

dynamic, evolving system of interaction, cognition, and 

representation rather than a static instructional setting. 

The design is informed by interpretive inquiry traditions 

in mathematics education research [3], which emphasize 

meaning-making processes, contextual variability, and 

socially mediated knowledge construction [4]. 

The study integrates multiple methodological lenses, 
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including activity theory analysis [7], discourse analysis [8], 

and systems modeling approaches [9], to construct a multi-

layered interpretive framework. This hybrid design is 

intended to capture both micro-level interactional 

phenomena and macro-level system dynamics in collaborative 

mathematical problem-solving environments. 

Rather than isolating variables in a controlled experimental 

structure, the research treats collaborative learning 

environments as complex adaptive systems characterized by 

feedback loops, emergent behavior, and non-linear 

progression. 

Context of the Study 

The study focuses on applied mathematics learning 

environments in higher education settings where students 

engage in collaborative problem-solving tasks involving 

modeling, differential equations, optimization problems, and 

numerical simulation activities. These environments are 

typically structured around group-based inquiry sessions 

supported by digital tools such as computer algebra systems, 

simulation platforms, and shared collaborative workspaces. 

Within these contexts, learners are required not only to 

compute solutions but also to interpret mathematical 

structures, translate real-world scenarios into formal models, 

and negotiate representational choices collectively. 

Participants 

The interpretive framework is constructed based on 

synthesized empirical insights drawn from prior studies in 

mathematics education, rather than a single bounded dataset. 

This meta-analytic interpretive approach allows for the 

identification of recurring systemic patterns across multiple 

collaborative learning studies [2], [10]. 

Participants in the underlying studies typically include 

undergraduate students enrolled in applied mathematics, 

engineering mathematics, and mathematical modeling 

courses. These learners are often grouped into collaborative 

teams of three to six members, engaging in structured 

problem-solving sessions over extended instructional 

periods. 

Data Sources and Collection Methods 

Data considered in constructing the interpretive framework 

originate from multiple qualitative and mixed-methods 

sources commonly used in mathematics education research. 

These include: 

 

• Video recordings of collaborative problem-solving 

sessions  

• Transcripts of student discourse during mathematical 

tasks  

• Screen capture data from computational modeling 

activities  

• Student-written solutions and reflective journals  

• Learning analytics logs from digital platforms  

 

These data sources collectively provide a multi-modal 

representation of collaborative mathematical activity, 

enabling triangulation across verbal, symbolic, and 

computational dimensions of learning. 

The integration of multiple data modalities is essential for 

capturing the complexity of mathematical meaning-

making processes, which often unfold simultaneously 

across spoken language, symbolic notation, and digital 

interaction spaces. 

Analytical Framework 

Discourse Analytical Procedures 

Discourse analysis is employed to examine how 

mathematical meaning is constructed through language, 

interaction, and negotiation. Building on Sfard’s 

communicational theory of learning [8], mathematical 

thinking is interpreted as a form of discourse 

characterized by reification, objectification, and pattern 

generalization. 

The analysis focuses on identifying recurring discourse 

moves such as explanation, justification, conjecture, 

refinement, and revoicing. These discourse patterns are 

interpreted as indicators of evolving conceptual 

understanding within collaborative groups. 

Activity System Modeling 

Activity theory is used to model collaborative learning 

environments as structured systems consisting of 

subjects, tools, rules, community, and division of labor [7]. 

Within this framework, contradictions and tensions are 

identified as key drivers of systemic change. 

In applied mathematics contexts, contradictions 

frequently emerge between intuitive reasoning and formal 

mathematical structure, or between computational results 

and conceptual interpretations. These contradictions are 

analyzed as catalysts for learning transformation. 

Systems-Theoretic Interpretation 

Systems theory provides a macro-level analytical lens for 

understanding collaborative learning as a complex 

adaptive system [9]. The system is conceptualized as 

dynamically evolving through feedback loops between 
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learners, representations, and tasks. 

The analytical focus is placed on: 

 

• Emergence of collective reasoning patterns  

• Stabilization and destabilization of conceptual structures  

• Temporal evolution of group problem-solving strategies  

• Interaction between digital tools and cognitive processes  

 

Learning Analytics Integration 

Learning analytics methods are incorporated to identify 

temporal patterns in student interaction data. Sequence 

analysis and interaction mapping are used to trace how 

collaborative behaviors evolve over time, particularly in 

relation to problem-solving phases such as exploration, 

formalization, and validation [10]. 

Analytical Procedure 

Data interpretation proceeds through iterative cycles of 

coding, abstraction, and system modeling. Initially, raw data 

are segmented into interactional episodes. These episodes are 

then coded according to discourse functions, activity system 

components, and system-level transitions. 

Subsequently, cross-case synthesis is conducted to identify 

recurring patterns of collaborative mathematical reasoning. 

These patterns are then mapped onto an integrated 

interpretive framework that links micro-level discourse 

behavior with macro-level system dynamics. 

Validity and Reliability Considerations 

To ensure interpretive validity, triangulation is employed 

across multiple data sources and analytical lenses. Discourse 

interpretations are cross-validated with activity system 

models and learning analytics outputs. Reliability is enhanced 

through iterative coding cycles and peer debriefing in prior 

empirical studies. 

Results 

Emergent Structural Patterns in Collaborative 

Mathematical Systems 

The analysis reveals that collaborative learning in applied 

mathematics consistently exhibits structured yet adaptive 

patterns of interaction. These patterns are not linear but 

cyclical, with repeated transitions between exploration, 

formalization, and reinterpretation phases. 

Three dominant systemic patterns emerge: 

 

1. Recursive conceptual refinement loops  

2. Representational translation cycles  

3. Conflict-driven restructuring phases  

 

These patterns indicate that collaborative mathematical 

reasoning operates as a self-organizing system rather than 

a linear progression of knowledge acquisition. 

Discourse Dynamics and Conceptual Evolution 

Discourse analysis reveals that mathematical 

understanding evolves through layered interactional 

processes. Initial discourse is often characterized by 

informal reasoning and intuitive explanations. Over time, 

this evolves into formalized mathematical articulation 

supported by symbolic representation. 

A key finding is that revoicing plays a central role in 

stabilizing shared mathematical meaning. Students 

frequently reformulate peers’ ideas into more formal 

mathematical language, contributing to collective 

conceptual alignment. 

The transition from informal to formal discourse is neither 

uniform nor synchronized across group members, 

highlighting the distributed nature of mathematical 

cognition. 

Activity System Transformations 

Activity system analysis shows that collaborative learning 

environments undergo continuous structural 

transformation. Contradictions between tools and 

objectives frequently lead to reconfiguration of group 

strategies. 

For example, when computational tools produce results 

that conflict with intuitive reasoning, learners engage in 

iterative recalibration of both their interpretive models 

and computational approaches. This results in expansion 

of the activity system, incorporating new representational 

strategies and problem-solving norms. 

Table: Activity System Transformation Phases in 

Collaborative Mathematics Learning 

The table summarizes three phases: initial alignment, 

contradiction emergence, and systemic reconfiguration. 

Each phase is characterized by distinct interactional and 

cognitive behaviors, with increasing complexity over time. 

Systemic Behavior of Collaborative Groups 

From a systems-theoretic perspective, collaborative 

groups behave as adaptive learning systems with 

identifiable feedback structures. Positive feedback loops 

reinforce successful reasoning strategies, while negative 

feedback loops trigger reconsideration of incorrect or 

incomplete solutions. 

A notable finding is the presence of attractor states in 
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group reasoning patterns, where certain solution strategies 

become dominant and stabilize group behavior until 

disrupted by new information or contradictions. 

This dynamic aligns with broader theories of complex 

adaptive systems in educational contexts [9]. 

Role of Representational Mediation 

Representational tools, including graphs, symbolic equations, 

and computational simulations, play a critical role in shaping 

collaborative mathematical reasoning. The analysis shows 

that shifts between representations often correspond to 

conceptual breakthroughs. 

Students frequently move between visual, symbolic, and 

numerical representations, and these transitions serve as 

critical points of meaning negotiation. 

Table: Representation Types and Associated Cognitive 

Functions in Collaborative Mathematics Learning 

This table categorizes representational forms and their 

associated cognitive roles, such as exploration, validation, and 

abstraction. 

Temporal Evolution of Collaborative Understanding 

Longitudinal analysis reveals that collaborative mathematical 

understanding evolves in stages rather than continuously. 

These stages include: 

 

• Initial exploratory divergence  

• Conflict and negotiation  

• Partial convergence  

• Stabilized conceptual agreement  

 

However, convergence is never absolute; rather, it represents 

a temporary stabilization within an ongoing dynamic system. 

Summary of Key Results 

The findings indicate that collaborative learning in applied 

mathematics is best understood as a dynamic interpretive 

system characterized by: 

 

• Non-linear cognitive progression  

• Distributed reasoning structures  

• Systemic contradiction and resolution cycles  

• Representation-driven conceptual change  

• Emergent group-level intelligence patterns  

 

These results strongly support the need for integrated 

interpretive frameworks capable of capturing both 

interactional detail and system-level dynamics. 

Discussion 

Interpretation of Key Findings 

The results demonstrate that collaborative learning in 

applied mathematics operates as a complex adaptive 

interpretive system rather than a linear instructional 

process. This aligns strongly with systems-theoretic 

accounts of learning environments as dynamic structures 

governed by feedback, emergence, and self-organization 

[9]. 

A central interpretive insight is that mathematical 

understanding in collaborative contexts is not located 

within individual learners but distributed across 

interactions, representations, and tools. This supports 

socio-constructivist perspectives emphasizing socially 

mediated cognition [4], while extending them by 

embedding interaction within systemic evolution. 

The observed recursive cycles of conceptual refinement 

indicate that learning is iterative and reorganizational 

rather than accumulative. Learners repeatedly revisit 

prior reasoning structures, reinterpreting them in light of 

new contradictions or representational insights. This is 

consistent with activity theory’s emphasis on 

contradiction as a driver of developmental transformation 

[7]. 

Collaborative Learning as a Changing System 

One of the most significant contributions of this study is 

the conceptualization of collaborative mathematical 

learning as a changing system. Rather than viewing group 

work as a collection of individual cognitive contributions, 

the system is understood as a continuously evolving 

structure shaped by interactions among agents, tools, and 

representations. 

The presence of attractor states in group reasoning 

suggests that collaborative learning systems exhibit 

stability zones where particular solution strategies 

dominate. However, these states are temporary and 

susceptible to disruption when new information or 

contradictions emerge. This dynamic mirrors patterns 

found in complex adaptive systems theory [9]. 

This interpretation reframes mathematical learning as a 

system of dynamic equilibrium rather than static mastery. 

Comparison with Existing Literature 

The findings extend prior research in several important 

ways. While socio-constructivist studies emphasize 

interaction as a mechanism for learning [4], they often 

under-specify the systemic evolution of group cognition. 

Situated cognition research similarly highlights context 

dependency but lacks temporal system modeling depth 

[6]. 
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Activity theory provides a stronger systemic foundation, but 

prior applications in mathematics education have often 

remained descriptive rather than dynamically analytical [7]. 

The present study advances this framework by explicitly 

modeling transformation phases in collaborative activity 

systems. 

Discourse analytic approaches have successfully captured 

micro-level reasoning processes [8], but they typically do not 

account for macro-level system transitions. By integrating 

discourse analysis with systems theory, this study bridges the 

gap between interactional detail and structural evolution. 

Implications for Applied Mathematics Education 

The findings have significant implications for the design and 

facilitation of collaborative mathematics learning 

environments. 

First, instructional design should move beyond static task 

completion models and instead support dynamic reasoning 

cycles. Tasks should be structured to allow for contradiction 

emergence, representational switching, and iterative 

refinement. 

Second, assessment practices must evolve to capture system-

level learning rather than only final answers. Traditional 

evaluation methods fail to recognize the developmental 

trajectories of collaborative reasoning. 

Third, educators should recognize the importance of 

representational fluency. The ability to shift between 

symbolic, graphical, and computational representations is 

central to conceptual development in applied mathematics. 

Finally, learning technologies should be designed to support 

system awareness, allowing learners and instructors to 

visualize interaction patterns and conceptual evolution over 

time. 

Role of Technology in System Evolution 

Digital tools play a mediating role in the evolution of 

collaborative mathematical systems. Computational 

environments, simulation software, and shared digital 

workspaces introduce new forms of interaction that reshape 

cognitive processes. 

These tools act not only as instruments for calculation but as 

active participants in the learning system. Their outputs often 

introduce contradictions that stimulate conceptual 

restructuring, reinforcing the systemic nature of learning. 

This aligns with contemporary research in learning analytics 

and digital cognition, which positions technology as an 

integral component of cognitive ecosystems [10]. 

Limitations 

Despite its conceptual contributions, this study has several 

limitations. 

First, the framework is primarily interpretive and 

synthesizes findings from prior empirical studies rather 

than relying on a single controlled dataset. While this 

allows for broader generalization, it limits precision in 

quantitative validation. 

Second, the integration of multiple theoretical 

perspectives, while necessary for completeness, 

introduces potential conceptual overlap and interpretive 

ambiguity. 

Third, the absence of real-time experimental modeling 

restricts the ability to test predictive system behaviors 

under controlled conditions. 

Finally, although the study draws from extensive prior 

literature, variability in methodological approaches across 

studies may influence the consistency of synthesized 

interpretations. 

Conclusion 

Summary of Contributions 

This study proposed and developed an integrated 

interpretive framework for analyzing collaborative 

learning in applied mathematics as a changing system. By 

synthesizing socio-constructivist theory, activity theory, 

discourse analysis, and systems theory, the research 

demonstrates that collaborative mathematical reasoning 

is best understood as a dynamic, multi-layered process. 

Key contributions include: 

 

• Conceptualizing collaborative learning as a complex 

adaptive system  

• Identifying recursive and non-linear patterns of 

mathematical reasoning  

• Demonstrating the systemic role of contradiction in 

conceptual change  

• Highlighting the importance of representational 

mediation in group cognition  

• Bridging micro-level discourse analysis with macro-

level system modeling  

Theoretical Implications 

The study advances mathematics education theory by 

shifting the analytical focus from individual cognition to 

systemic interpretation. It challenges linear models of 

learning progression and supports a dynamic equilibrium 

model in which understanding evolves through 

interactional feedback loops. 

This systemic perspective aligns applied mathematics 

education more closely with the nature of mathematical 

practice itself, which is inherently iterative, model-driven, 
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and context-sensitive. 

Practical Implications 

For educators, the findings suggest the need to design learning 

environments that support: 

• Open-ended problem-solving structures  

• Multi-representational engagement  

• Collaborative contradiction resolution  

• Reflective group discourse practices  

• Technology-enhanced interaction tracking  

For curriculum developers, the results indicate that applied 

mathematics instruction should prioritize system-thinking 

competencies alongside procedural fluency. 

Future Research Directions 

Future research should focus on empirical validation of the 

proposed interpretive framework through longitudinal 

classroom studies and computational modeling approaches. 

Key directions include: 

 

• Real-time modeling of collaborative mathematical 

systems using learning analytics  

• Integration of AI-based tools for detecting conceptual 

transitions in group discourse  

• Experimental studies on representational switching and 

cognitive restructuring  

• Cross-disciplinary applications in engineering and 

computational sciences education  

 

Expanding this work into predictive modeling of collaborative 

learning systems represents a promising frontier for 

mathematics education research. 
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