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Abstract:

This study aimed to explain the mediating role of spatial perception in the relationship between traditional, circular, and island classroom
arrangements and students’ participation in collaborative learning. This applied study employed a quasi-experimental design combined with
a correlational structural equation modeling approach. The population consisted of male lower-secondary students in Tehran during the 2025—
2026 academic year, from whom 380 students were selected through multistage cluster sampling. Data were collected using a researcher-
developed Spatial Perception Questionnaire, the Reeve and Tseng Student Engagement Questionnaire, a behavioral participation observation
checklist, and the short form of the NEO Personality Inventory. Data were analyzed in SPSS and AMOS using analysis of variance, path
analysis, bootstrapping, and hierarchical regression. Classroom arrangement significantly and positively predicted spatial perception (=0.42,
P<0.001), and spatial perception significantly predicted student participation ($=0.57, P<0.001). After spatial perception was entered as a
mediator, the direct effect of classroom arrangement on participation decreased from p=0.38 to p=0.19 but remained significant (P<0.05),
indicating partial mediation. Interaction, social distance, and sense of belonging were the strongest spatial-perception dimensions associated
with participation, with coefficients of $=0.53, f=0.47, and B=0.38, respectively. The interaction between classroom arrangement and
extraversion was significant (3=0.18, P<0.01), as was the interaction between arrangement and lesson type (Partial n?=0.22, P<0.05). Class
size was negatively associated with both spatial perception (r=-0.41, P<0.01) and participation (r=-0.36, P<0.01). Spatial perception partially
explains how classroom arrangement affects student participation, while the effectiveness of different arrangements varies according to
learner characteristics, lesson type, and class size; therefore, flexible classroom configurations adapted to instructional and learner-related
conditions may provide a more effective basis for collaborative participation.
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The physical environment of the classroom is increasingly recognized as an active component of the learning process rather
than a neutral setting in which instruction occurs. Contemporary educational approaches emphasize active, student-centered,
and collaborative learning, in which learners construct knowledge through interaction, discussion, observation, feedback, and
shared problem-solving. From a sociocultural perspective, learning is fundamentally embedded in social interaction, and
cognitive development is facilitated when learners participate in meaningful activities with peers and more capable others (1).
Similarly, social learning theory emphasizes the role of observation, modeling, reciprocal interaction, and environmental
conditions in shaping behavior and learning (2). These theoretical perspectives imply that the spatial organization of classrooms
may influence learning by structuring opportunities for communication and participation.

Student engagement is a multidimensional construct involving behavioral, emotional, cognitive, and agentic involvement
in learning. Agentic engagement is particularly relevant because students are not merely passive recipients of instruction; they
may actively contribute to the learning environment by asking questions, expressing preferences, offering suggestions, and
initiating interactions (3). Self-determination theory similarly proposes that fulfillment of the psychological needs for
autonomy, competence, and relatedness promotes intrinsic motivation and sustained engagement (4). Evidence also indicates
that student engagement is enhanced when instructional environments combine appropriate structure with support for autonomy
(5). Accordingly, the physical organization of classrooms may contribute to engagement insofar as it supports interaction,
agency, belonging, and access to peers and teachers.

The importance of the physical learning environment has long been emphasized in environmental and educational
psychology. School environments can influence students’ behavior, attitudes, social interaction, and academic experiences (6).
Ecological psychology considers behavior to emerge through the interaction between individuals and their behavioral settings,
suggesting that spatial arrangements can facilitate certain patterns of behavior while constraining others (7). Classroom seating
arrangement is particularly important because it determines students’ orientation, visual access, interpersonal distance, and
opportunities for face-to-face communication. Theories of personal space and proxemics further demonstrate that physical
distance and spatial orientation carry social and psychological meanings that can influence communication and interpersonal
relationships (8, 9).

Empirical studies have confirmed that classroom design and seating configuration are associated with learning and
interaction. Classroom environments characterized by appropriate physical and spatial qualities have been associated with
improved educational outcomes (17), while the effects of classroom design may differ across subject areas, indicating that the
suitability of a spatial configuration depends partly on the instructional activity being performed (18). Reviews of seating
arrangements likewise suggest that traditional row arrangements may be more suitable for individual or teacher-centered tasks,
whereas circular and group arrangements can facilitate interaction and collaborative activities (10). Teachers’ beliefs,
instructional objectives, student characteristics, and social relationships also influence the effectiveness of seating arrangements
(11). More recently, seating configuration has been shown to affect patterns of student interaction during group reflective
activities (12).

However, the effects of classroom arrangement cannot be fully explained by physical configuration alone. Students interpret
and experience the same environment differently, making spatial perception a potentially important psychological mechanism
linking classroom arrangement to participation. Built classroom environments can influence students’ perceptions as well as
their learning experiences (16). Spatial perception involves interpreting environmental structure, relationships, accessibility,

and meaning. The concept of environmental legibility highlights the importance of environments that can be clearly understood



\Fef Jlo

. & ¢ > % 0599
S s e

and mentally organized by their users (13). In educational settings, sensory perception and spatial qualities can also contribute
to place attachment and students’ emotional relationships with the school environment (14). Furthermore, sociability in
educational environments depends partly on spatial qualities that enable communication, interpersonal contact, and social
interaction (15).

Flexible educational environments may therefore be especially valuable because they allow spatial organization to change
according to different learning activities and learner needs (20). Spatial organization in educational buildings must also
correspond to functional and environmental requirements (21), while students’ evaluations of educational environments are
influenced by both physical and cultural characteristics (22). Moreover, engagement may vary according to the complexity of
the classroom environment, suggesting that environmental effects are neither uniform nor inherently positive (19).
Consequently, circular or island arrangements may facilitate interaction for some students and learning activities while creating
social pressure, excessive stimulation, or reduced concentration for others.

Despite the accumulated evidence concerning classroom design, seating arrangement, spatial perception, and student
engagement, relatively little attention has been paid to the mechanism through which spatial perception mediates the
relationship between classroom arrangement and collaborative participation. The present study therefore aimed to explain the
mediating role of spatial perception in the relationship between traditional, circular, and island classroom arrangements and
students’ participation in collaborative learning, while also examining the relative contributions of belonging, legibility,
territoriality, interaction, and social distance and the potential roles of personality, lesson type, and class size.

Methods and Materials

This applied study employed a quasi-experimental design combined with a correlational structural equation modeling
approach. The statistical population consisted of male lower-secondary students in grades seven through nine in Tehran during
the 2025-2026 academic year. Multistage cluster sampling was used. Four educational districts were selected, followed by two
boys’ lower-secondary schools from each district and two classes from each participating school. A total of 400 questionnaires
were distributed, and after incomplete responses were excluded, data from 380 students were retained for analysis. Class sizes
ranged from approximately 25 to 30 students.

The independent variable was classroom arrangement, examined under three conditions: traditional rows facing the teacher
and board, a circular or U-shaped arrangement designed to increase face-to-face visual contact, and an island arrangement in
which students were organized into small groups. Spatial perception was considered the mediating variable and was
operationalized through five dimensions: sense of belonging, legibility, territoriality, interaction, and social distance. Student
participation in collaborative learning served as the dependent variable.

Spatial perception was measured using a researcher-developed 25-item questionnaire. Its content validity was evaluated by
seven specialists, and internal consistency was satisfactory, with a Cronbach’s alpha coefficient of 0.91. Student participation
was measured using a 17-item engagement questionnaire and supplemented by direct behavioral observations. The observation
checklist covered behaviors such as asking questions, answering questions, helping classmates, expressing opinions, and active
listening. Each observation period lasted 30 minutes. Personality differences, particularly extraversion—introversion, were
assessed using a short-form personality questionnaire.

Each participating class experienced all three spatial configurations, and the sequence of arrangements was varied across
sessions to reduce order effects. Each configuration was examined during three instructional sessions. Mathematics, science,
and art lessons were included to assess whether the relationship between spatial organization and participation differed

according to lesson type. Instructional content, teacher, and general classroom conditions were kept as consistent as possible.
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Data were analyzed using SPSS and AMOS. Analysis of variance was used to examine differences in participation across
classroom arrangements. Structural equation modeling and path analysis were applied to evaluate direct relationships among
classroom arrangement, spatial perception, and participation. Mediation was tested using 2,000 bootstrap resamples.
Hierarchical regression was used to examine interaction effects involving personality and lesson type, while correlation analysis
was used to evaluate relationships between class size, spatial perception, and participation. Model fit was evaluated using /df,
RMSEA, CFl, and NFI.

Findings

The structural model demonstrated acceptable fit to the observed data, with y*/df=2.31, RMSEA=0.048, CFI=0.97, and
NFI=0.93. Classroom arrangement significantly and positively predicted spatial perception (f=0.42, P<0.001). Spatial
perception, in turn, significantly and positively predicted student participation (p=0.57, P<0.001).

Before spatial perception was introduced into the model, the direct standardized effect of classroom arrangement on
participation was B=0.38. After the mediator was entered, the direct effect decreased to f=0.19 but remained statistically
significant (P<0.05). This reduction indicated partial mediation, demonstrating that part of the association between classroom
arrangement and student participation operated through students’ perceptions of the spatial environment.

Among the five dimensions of spatial perception, perceived interaction showed the strongest relationship with participation
(B=0.53), followed by social distance (f=0.47) and sense of belonging (f=0.38). Legibility (p=0.29) and territoriality ($=0.24)
also showed significant but comparatively weaker relationships with participation.

The interaction between classroom arrangement and extraversion was statistically significant ($=0.18, P<0.01). Extroverted
students showed greater participation under circular and island arrangements, whereas gains among introverted students were
more limited, and reduced concentration was observed under some conditions, particularly during mathematics activities.
Approximately 22% of students, primarily those characterized as more introverted or socially sensitive, reported feeling
pressure or being judged in the circular arrangement.

The interaction between classroom arrangement and lesson type was also significant (Partial n>=0.22, P<0.05). Participation
was particularly high under the circular arrangement in art and science, whereas no significant difference between circular and
traditional arrangements was found in mathematics. Class size was negatively associated with spatial perception (r=-0.41,
P<0.01) and participation (r=-0.36, P<0.01). Behavioral observations additionally showed that verbal interventions were
approximately 2.5 times more frequent in the circular arrangement than in the traditional arrangement. However, the increased
frequency of verbal participation was not consistently accompanied by an increase in analytical or critical questioning.

Discussion and Conclusion

The findings indicate that classroom organization influences student participation through both direct and indirect pathways.
The significant association between classroom arrangement and spatial perception suggests that changing the physical
organization of desks and seats alters more than visual appearance; it changes students’ perceptions of accessibility,
interpersonal proximity, interaction opportunities, belonging, and control over the learning environment. The significant
relationship between spatial perception and participation further demonstrates that students’ behavioral responses depend partly
on how they interpret and experience classroom space.

The partial mediating effect of spatial perception is especially important. Classroom arrangement retained a significant direct
effect after the mediator was introduced, indicating that physical configurations can directly facilitate interaction by increasing
visual contact, reducing physical barriers, and improving access to peers. Nevertheless, a substantial portion of the effect

appears to operate through psychological interpretation of the environment. Thus, changing furniture arrangement alone is
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unlikely to guarantee greater participation unless students experience the resulting space as supportive, understandable, socially
comfortable, and conducive to interaction.

The particularly strong roles of interaction, social distance, and belonging reinforce the social nature of collaborative
learning. Students were more likely to participate when they perceived the classroom as facilitating communication and
providing an appropriate level of interpersonal proximity. At the same time, the results show that reduced distance and increased
face-to-face exposure are not universally beneficial. Some introverted students experienced greater social pressure in highly
interactive arrangements, illustrating that effective spatial design must balance opportunities for communication with individual
needs for privacy and concentration.

The significant moderating effect of lesson type further indicates that no single classroom arrangement should be regarded
as universally optimal. Circular and island arrangements appear especially compatible with lessons involving discussion,
experimentation, and collaborative production, whereas their advantages may be smaller during tasks requiring sustained
individual concentration. Similarly, the negative relationships of class size with both spatial perception and participation
indicate that increasing density can reduce the effectiveness of otherwise interaction-supportive layouts.

An additional implication concerns the distinction between behavioral participation and meaningful learning. Although
circular arrangements generated substantially more verbal interventions, this did not necessarily produce more analytical or
critical questions. Consequently, participation should not be evaluated solely by how frequently students speak or interact.
Cognitive depth, emotional involvement, questioning quality, meaning construction, and agentic contribution are also necessary
indicators of effective engagement.

Overall, the study demonstrates that classroom space should be understood as a dynamic educational resource whose
effectiveness depends on the interaction between physical arrangement, spatial perception, learner characteristics, instructional
activity, and class density. Educational spaces should therefore be designed around flexible and adaptable configurations rather
than a single standardized seating pattern. Providing movable furniture, adjustable group boundaries, clear spatial organization,
sufficient personal space, and opportunities for both collaboration and individual concentration may enable classrooms to
respond more effectively to diverse learners and instructional demands. The central conclusion is that classroom arrangement
affects collaborative participation most effectively when its physical affordances are accompanied by positive spatial

perceptions and are adapted to the specific characteristics of learners, lessons, and classroom conditions.
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