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Abstract: Computer-supported collaborative learning is today recognized as one of the components of
modern education; however, realizing its educational potential largely depends on the quality and method
of grouping learners. The present study aims to achieve optimal and fair grouping by presenting an in-
novative mathematical model based on binary integer programming. The innovation of this model lies in
the simultaneous integration of three key components—Felder-Solomon learning styles, prior knowledge
diversity, and peer-group preferences—as well as the application of a ”fairness constraint” that ensures a
fair distribution of group quality among all members. For empirical evaluation, 18 students were orga-
nized into three grouping formats (fairness-oriented, preference-oriented, and random). The mathematical
model achieved a global optimal solution with zero percent gap using the CPLEX solver in the GAMS en-
vironment. Findings from the analysis of covariance showed that the effect of grouping type on academic
achievement was significant (p < 0.001). Pairwise comparison results indicated a decisive superiority
of the proposed model; the mean post-test scores in the fairness-oriented group (18.67) were significantly
higher than the preference-oriented groups (15.00) and random groups (11.83). These results prove that the
proposed model, in addition to ensuring mathematical optimality in group formation, leads to a significant
improvement in learner performance in collaborative environments.

Keywords: Mathematical Modeling, Computer-Supported Collaborative Learning, Mathematics
Education, Binary Integer Programming, Learner Group Formation.
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