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Abstract
To date, despite the great debate regarding the best seating arrangement for learning in classrooms, no
empirical studies have examined the direct effects of different seating arrangements on children’s
cognitive processes. This is particularly important nowadays that the COVID-19 measures include
maintaining distance in the classroom. Aim of this study was experimentally investigating the effect of
changing the seating arrangement (clusters vs. rows and columns), on logical reasoning, creativity and
theory of mind, in children attending primary school. Furthermore, some individual characteristics (e.g.,
gender, loneliness, popularity) were analysed as potential moderators. Results on 77 participants showed
that, when children were seated in rows and columns, their score in logical reasoning was globally higher.
Furthermore, when seated in rows and columns, girls showed a better performance in the theory of mind,
and lonelier children performed better in theory of mind and creativity. This on �eld experimental study
suggests the importance of considering both the nature of the task and children’s individual
characteristics when deciding on a seating arrangement in the classroom.

Background
A branch of research within environmental psychology focuses on the impact of learning environments,
namely, school-related structural and spatial dimensions, on students’ outcomes in levels of achievement,
engagement, affective state, attendance and well-being (Higgins, Hall, Wall, Woolner and McCaughey
2005). Evidence from this �eld has shown that the physical environment of schools and classrooms has
an important in�uence on students’ comfort, on their behavior, and on social interactions among peers
and between teachers and their students (Byers, Mahat, Liu, Knock and Imms 2018; Wannarka and Ruhl
2008). Several studies have revealed that students’ learning skills are also in�uenced by various
environmental factors, such as school building design, noise, temperature, and lighting, as well as the
presence of green spaces (Manca, Cerina, Tobia, Sacchi and Fornara 2020). However, despite the current
growing interest and considerable investment in school learning environments, empirical data that
investigate how alternative spatial organizations of the learning environment directly impact children’s
cognitive processes are still lacking (Higgins et al. 2005). This issue is of major importance in the present
days: following the massive closure of educational institutes around the world during the COVID-19
emergence, school are re-opening, or are going to re-open, applying measures of social distancing
(Fantini, Reno, Biserni, Savoia and Lanari 2020; UNESCO 2020) that necessarily impact on classrooms’
and schools’ spatial organizations, in particular on seating arrangement.

The role of seating arrangement
There is much debate in the educational �eld regarding the best seating arrangement in classrooms. In
the traditional teacher-centered situation, the seating arrangement consists of rows and columns of
desks facing a blackboard, with the teacher’s desk in front of the classroom. Alternatively, the student-
centered approach allows students to work together and usually corresponds to the aggregation of desks
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(i.e., clusters). Both traditional seating in rows and columns and teacher-centered approaches are the
globally dominant approaches (Blackmore, Bateman, Loughlin, O'Mara and Aranda 2011), despite the
fact that, in recent years, arrangement in clusters is becoming more frequent and preferred by teachers
(Gremmen, van den Berg, Segers and Cillessen 2016), providing a good basis for cooperative learning and
other student-centered approaches (Norazman, Ismail, Ja’afar, Khoiry and Ani 2019).

Some studies have investigated student behavior and attainment based on seating arrangement and how
seating arrangement affects the extent and nature of student interactions (Haghighi and Jusan 2012; van
den Berg and Cillessen 2015). This branch of research has shown that behaviors connected to school
tasks, such as hand-raising, asking questions, or being out of seat without permission, are associated
with the arrangement of desks in the classroom (Wannarka and Ruhl 2008). Importantly, Wannarka and
Ruhl’s (2008) synthesis suggests that two elements should play a role in the decision of desk
arrangement: the nature of the task administered and children’s individual characteristics. Being seated in
rows makes interactions among peers inconvenient and apparent to teachers; thus, this organization is
superior to minimize disruptive behavior and maximize on-task behavior during individual activities
(Wannarka and Ruhl 2008). Considering individual characteristics, it is found that disruptive students and
children with poor attention—characteristics associated with low popularity among classmates
(Newcomb, Bukowski and Pattee 1993)—seem to bene�t the most from the seating arrangement
involving rows and columns (Hastings and Schweiso 1995). Also, gender differences in the attitude
toward seating arrangement has been found, despite only for college students (Burgess and Kaya 2007):
females were more at ease than males in the in the rows of tablet-arm chairs and in the cluster layouts
and males had slightly lower social interaction scores than females regardless of the classroom layout.

As described above, classroom arrangement signi�cantly in�uences students’ behavior (Wannarka and
Ruhl 2008); in addition, it has been hypothesized that classroom arrangement impacts achievement
(Cheryan, Ziegler, Plaut and Meltzoff 2014; Pace and Price 2005). However, to date, no studies have
empirically investigated how the more common seating arrangements directly in�uence cognitive
processes in school-age children. An exception is a study by Bennett and Blundell (1983) that analyzed
the effect of row vs. cluster seating arrangements on the quantity and quality of the work produced in
reading, language and mathematics in primary school children. They found that the quantity of work
completed increased when children were seated in rows, while the quality of work was maintained. To
date and to the best of our knowledge, this is the only study that has experimentally investigated this
issue.

Insights into the in�uential role that seating arrangement can have on students’ cognitive performance
derived from studies investigating learning skills in association with the habitual seating location of an
individual in the classroom (Marshall and Losonczy- Marshall 2010; Perkins and Wieman 2005). In one of
these studies, Pichierri and Guido (2016) longitudinally followed �ve marketing classes attended by
young adults, exploring students’ achievement in terms of grades. They found that students in the front
rows achieved the highest grades and that the individuals’ levels of shyness moderated the relationship
between achievement and position. This last result supports the value of considering student
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characteristics as potential moderators of the effects of classroom seating arrangement on performance.
However, although these studies shed light on the relationship between habitual seating position and
school achievement, they do not directly support the existence of a causal in�uence of the �rst on the
second because, for example, the seating positions are usually chosen by teachers for younger students
and chosen by students themselves from adolescence. Thus, many factors related to achievement can be
directly implicated in this choice (e.g., teachers choose the student seating positions based on their ability
and cognitive skills; Gremmen et al. 2016).

Therefore, despite the literature offering some suggestions, we still do not know whether and how the
more common seating arrangements directly in�uence cognitive and learning processes in school-age
children. This information is particularly important for the current debate on the best seating arrangement
in classrooms. Additionally, the majority of the research on the effects of school learning environments
on student behavior and learning did not consider a fundamental component of this potential
association, that is, students’ individual variables. Finally, a central question remains poorly addressed:
why would seating arrangement in�uence cognitive processes?

Interpersonal distance as a framework for understanding
the effects of seating arrangement in the classroom
A possible theoretical framework for explaining how different seating arrangements within the classroom
impact children’s cognitive processes is the construct of interpersonal distance. The desk arrangement
within the classroom is linked, on the one hand, to the possibility of movement and interactions among
peers and with the teacher and, on the other hand, to the interpersonal distance between individuals. For
example, the traditional row and column seating arrangement places students relatively far away from
each other, compared to the cluster or “horseshoe” arrangements. Interpersonal distance is a classical
construct in social psychology (Felipe and Sommer 1966; Sundstrum and Altman 1976), and it is known
to in�uence both relational and cognitive processes (Amit, Wakslak and Trope 2012). However,
interpersonal distance does not affect every individual in the same manner: its in�uence is connected to
speci�c variables, such as personality characteristics (e.g., some individuals perceive proximity as an
invasion of personal space; Kaitz, Bar-Haim, Lehrer and Grossman 2004), gender (e.g., females tend to
stay closer compared to males; Costa 2010; Maccoby 1990) and the existing relationships among
individuals (Mehrabian 1968).

A few studies have directly analyzed the in�uence of interpersonal distance on cognitive tasks. For
example, it was shown that interpersonal distance in�uences spatial attention, moving such attention
away from the close individual, but only when both participants were performing the exact same task
(Szpak, Nicholls, Thomas, Laham and Loetscher 2016). A similar negative in�uence of closeness on
other cognitive tasks was also found by older studies (Nagar and Pandey 1987) that involved convergent
thinking (Guilford, 1956). Studies on a school’s space density and its effects on the achievement of
adults and children can offer further information, considering the link between space density and
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interpersonal distance among individuals within a space (Rüstemli 1992). This line of research showed,
for example, that student’s academic achievement (i.e., word reading) was negatively in�uenced by less
space in the classroom, particularly for girls (Maxwell 2003), revealing the moderating role of gender.
Interpersonal distance also plays a role in in�uencing other cognitive tasks, such as tasks involving
divergent thinking (e.g., creativity; Lamm and Trommsdorff 1973) or components of social cognition (e.g.,
empathy; Strayer and Roberts 1997).

Different underlying mechanisms are likely to explain the effects of interpersonal distance on the
cognitive performance. A possible explanation for its detrimental effects comes from the social
discomfort hypothesis (Aiello 1987), positing that stress-related responses are experienced when others
invade our personal space. Recovering from stress is highly demanding in terms of cognitive resources,
which can be less available for solving cognitive tasks (e.g., Helton, Matthews and Warm 2009). For
example, prior studies on the effects of physical environment on creativity (see Meinel, Maier, Wagner and
Voigt 2017) showed that, whereas social interactions and proximity would promote team creativity
(Milliken, Bartel and Kurtzberg 2003; Paulus and Yang 2000), individual creativity is likely to be fostered
by privacy (Dul and Ceylan 2011, 2014) and by the sense of freedom from social and physical
constraints (e.g., Steidle and Werth 2013). Considering social cognition, characters who elicited greater
empathy also elicited closer interpersonal distances. For this variable, the link with interpersonal distance
has been hypothesized to be the consequence of an active sharing of another person’s experience
(Strayer and Roberts 1997).

As noted by van den Berg and colleagues (van den Berg, Segers and Cillessen 2012), it is surprising that
distance in the classroom has been so rarely considered a factor in school functioning, despite children
spending many hours in this environment. The present study aims to �ll this gap by examining how
cognitive processes are in�uenced by interpersonal distance among classmates, manipulated by the
changing of their seating arrangement.

Aims of the study
Based on the aforementioned literature, it can be hypothesized that cognitive processes can be directly
in�uenced, namely, improved or worsen, by the seating arrangement. Furthermore, considering past
research on behavior based on students’ seating arrangement (Wannarka and Ruhl 2008) and on the
effects of interpersonal distance on cognitive tasks (e.g., Maxwell 2003), it is plausible to expect an
in�uence on cognitive processes that also depends on speci�c individual variables, which can play the
role of either protective factors or risk factors, and on task characteristics. To date, despite the great
debate regarding the best seating arrangement for learning in classrooms, no empirical studies have
examined these issues. Furthermore, considering the COVID-19 related measures on social distancing
impacting on classrooms’ spaces, studying the effects of seating arrangements on children’s
performance is particularly urgent. Thus, the present study aims to experimentally investigate the effects
of two classroom seating arrangements, clusters and rows and columns, on children’s different cognitive
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processes: convergent thinking (logical reasoning), divergent thinking (creativity) (Guilford 1956), and
social cognition (theory of mind - ToM; Baron- Cohen, Wheelwright, Spong, Scahill and Lawson 2001).
Moreover, the in�uence of children’s individual variables, which, in previous studies, showed a link with
cognitive performance or a relation with interpersonal distance or seating arrangement, was explored:
gender (Burgess and Kaya 2007; Maxwell 2003), relational self-esteem (Burnett 1998), popularity (van
den Berg and Cillessen 2015), loneliness (Cacioppo and Hawkley 2009), and physiological reaction to
proximity (Lipsitz and Schneier 2000).

The �rst hypothesis of this study is to �nd a poorer performance in the logical reasoning and creativity
tasks when children were seated in clusters (smaller interpersonal distance), in line with previous results
that showed a negative effect of closeness among individuals on tasks involving convergent thinking
(Szpak et al. 2016) and divergent thinking (Lamm and Trommsdorff 1973), although the literature has
shown mixed results concerning divergent thinking (Milliken et al. 2003). Considering social cognition, a
previous study that investigated the link between interpersonal closeness and empathy showed a positive
association (Strayer and Roberts 1997). However, a different social cognition component was used in this
study (i.e., ToM); therefore, the investigation of how seating arrangement in�uences ToM was explorative.
Furthermore, it could be hypothesized that the effects of seating arrangement on the cognitive tasks
considered would be moderated by children’s gender, their relational self-esteem, their popularity and
loneliness within the class group and their physiological reaction to proximity as a measure of social
anxiety. In particular, male and less socially competent pupils would be more negatively affected by
social proximity than females and socially competent individuals (i.e., more popular and less alone,
higher relational self-esteem, lower physiological reaction to proximity), in line with past studies showing
a greater tolerance of proximity, and better outcomes when close to other people, in these populations
(e.g., Burgess and Kaya 2007; Kaitz et al., 2004).

Methods

Participants
An a priori power analysis was conducted for sample size estimation (using G*Power 3.1; Faul, Erdfelder,
Lang and Buchner 2007). With an α=.05 and power = .80, the projected sample size needed to detect a
medium effect size (f²=.15) for a regression with three predictors (the independent variable, the individual
variable and their interaction) is N = 77. A letter presenting the study had been sent to the parents of
children attending 5 primary school classes, and 78 of the parents gave their consent for participation.
One participant with a diagnosis of cognitive disability was excluded from the analysis. The �nal sample
included 77 children (57.1% girls; age range=8-11 years, mean age=9.59 years, SD=.66 years) attending a
primary school in Northern Italy. Three 4th and two 5th grades classes were involved in the study. In three
classes (n=46) the desks were usually arranged in rows, whereas in the remaining two classes (n=31)
children were usually seated in couples. Therefore, both the classrooms’ usual arrangements were
different from the arrangements used as manipulations.
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Materials and Procedure
The experiment was conducted in accordance with the guidelines de�ned by the Declaration of Helsinki
and it has been approved by the local ethics committee. The tasks were administered over three sessions
at the children’s school, within school hours. During the �rst phase (T0), a questionnaire was collectively
administered in the children’s classroom in a 1-h session, investigating the following variables:

Relational self-esteem. The Social Subscale from the Italian adaptation of the Multidimensional Self-
Concept Scale (Bracken 2003) was administered. The subscale includes 25 sentences (e.g., “I have many
friends”), and each sentence is scored from 1 (strongly disagree) to 4 (strongly agree). The mean score
was calculated (α=0.87).

Peer ratings. A peer rating questionnaire was administered. Children were asked to rate each classmate
from 0 (not at all) to 3 (very much) in relation to two situations investigating popularity (“You go to the
mountains for the weekend, and your mom tells you that you can bring a friend with you. How would you
like to invite your classmates?”) and loneliness (“Some children are often alone in the classroom, have
only a few friends and do not play much with other children. How much each of your classmates is
similar to this description?”). This instrument was developed ad-hoc for this study, based on similar
instruments used by other studies that have investigated peer relationships within schools (e.g., Tobia,
Riva and Caprin 2017). For all the children, a score for each variable was obtained by calculating the
mean rating given by the classmates.

Physiological reaction to proximity. Children completed a scale adapted from the Brief Social Phobia
Scale (Davidson et al. 1991), asking, on a 5-point Likert scale (1 = never and 5 = always), how frequently
they experience some physiological reactions (e.g., blushing and sweating) during interpersonal
proximity. Four items were included in the scale, and the mean score was calculated (α=0.63).

Approximately two weeks after T0, the �rst experimental manipulation (T1) was administered within each
classroom: for 3 randomly selected classes, desks were arranged in clusters, and for the remaining 2
classes, desks were arranged in rows and columns (see Figure 1a,b). This last arrangement is in line with
the last guidelines for school re-opening in Italy, pointing out the need of single isolated desks (MIUR,
2020). Maintaining this arrangement, children were asked to complete a series of cognitive tasks. One
week later, a beta version of the same task was administered after organizing the classroom with the
alternative seating arrangement (T2). An experimental design using a within-participants single factor
with two levels (desk arrangement: clusters vs. rows and columns) was therefore adopted and order was
properly balanced.

The cognitive tasks administered in the two experimental sessions were as follows:

Logical reasoning. A selection of 30 items from the K-BIT 2 Matrices subtest (Kaufman and Kaufman
2004; α=.84) was presented. This task requires the understanding of the relationships among visual
stimuli and assesses reasoning in its nonverbal form. For creating the alpha and beta versions of this
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task, the 30 items were divided into two 15-item sets, each used in one of the sessions. The number of
correct responses was considered.

Creativity. The Alternative Uses Task (Guilford 1967) was administered. Children were asked to imagine
new uses for two familiar objects (one for each session): a brick and a clothes hanger. They were
instructed to list as many ideas as possible, and the number of ideas produced by each child was
recorded. Furthermore, the originality of the proposed objects’ uses was assessed by two blind judges,
who rated each idea on a 5-point scale (the mean score was considered).

Theory of mind (ToM). Participants completed the child’s version of the Reading the Mind in the Eyes Test
(Baron-Cohen et al. 2001). This task includes 28 pictures of the eye area of the face, and the child is
asked to pick which of four words best describes what the person in the photo is thinking or feeling.
Alternatives can be affective (e.g., angry) and nonaffective (cognitive; e.g., is remembering) mental state
terms, and only one is correct. For creating the alpha and beta versions of this task, the 28 items were
divided into two 14-item sets, each used in one of the sessions. The number of correct responses was
considered.

At the end of the second session, participants were properly debriefed.

Data analysis
A set of independent t-tests was preliminarily run in order to explore possible differences in the dependent
variables (logical reasoning, creativity and theory of mind) based on children’s usual seating
arrangement. Then, a two-condition within-participants design was implemented, with the experimental
manipulation of the arrangement (clusters vs. rows- columns) as a within factor. A series of 2
(arrangement: clusters vs. rows-columns) x2 (gender: girl vs. boy) ANOVAs were run to investigate the
effects of the experimental manipulation and children’s gender on tasks performance. Then, the
MEdiation and MOderation analysis for REpeated measures design (MEMORE; Montoya and Hayes
2017) macro was used to estimate the effects of the experimental manipulation (0 = rows-columns; 1 =
clusters) on the dependent variables (Y), considering the in�uence of a continuous moderator (M). The
dependent variables investigated were logical reasoning, creativity and theory of mind. The moderators
were relational self-esteem, popularity, loneliness, and physiological reaction to proximity.

Results

Preliminary analysis
The set of t-tests run for investigating possible differences in logical reasoning, creativity and theory of
mind measured when children were seated in rows-columns or in clusters, based on children’s usual
seating arrangement, showed no signi�cant results, t(75)=-.952 – 1.729, p =.088 - .809. Usual seating
arrangement was therefore excluded from the following analysis.
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Descriptive statistics
The descriptive statistics for the individual characteristics considered as potential moderators are
presented in Table 1; the correlations among them are presented in Table 2. The descriptive statistics of
the results of the cognitive tests administered when children were arranged in clusters or in rows and
columns are reported in Table 3.

Role of gender
To explore the role of gender, a series of 2 (arrangement: clusters vs. rows and columns) x 2 (gender: girl
vs. boy) ANOVAs was carried out on the tasks’ scores. The analysis performed on logical reasoning as
the dependent variable showed a signi�cant main effect of arrangement, F(1, 75)=4.486, p=.037,η2=.056,
with higher scores observed in the row and column condition. In contrast, both the effects of gender, F(1,
75)=.007, p=.933, and of the interaction between gender and arrangement, F(1, 75)=1.676, p=.199, were
nonsigni�cant. A signi�cant interaction between gender and arrangement was found for the ToM task,
F(1, 75)=4.208, p=.044,η2=.053. Pairwise comparisons of the marginal estimates showed that girls
obtained signi�cantly higher scores (p=.013, d=.48) when they were arranged in rows and columns
compared to the clustered arrangement. In contrast, boys obtained similar ToM scores in the two
conditions (p=.605). Both the main effects of arrangement and gender were nonsigni�cant, F(1,
75)=1.605, p=.209 and F(1, 75)=.025, p=.875, respectively. Finally, the analysis run on creativity did not
yield signi�cant main or interaction effects, F(1, 75)=.005 – .483, p=.489 – .944.

Moderation analysis
To investigate the role of relational self-esteem, popularity, loneliness and physiological reaction to
proximity in the relationship between seating arrangement and logical reasoning, creativity and theory of
mind, a series of moderation analyses were run. The results revealed that relational self-esteem,
popularity, and physiological reactions to proximity were not signi�cant moderators of the effects of the
seating arrangement on the cognitive variables considered, F(1,75)=.001 – 2.756, p=.101 – .977.

However, the impact of the seating arrangement on creativity depends on the levels of loneliness as rated
by peers, both considering the measure of the number of ideas, F(1,75)=6.368, p=.014, and their
originality, F(1,61)=6.948, p=.011. As represented in Figure 2, children with a loneliness score lower than
0.33, which included 32.47% of the participants, presented more ideas in the creativity task when they
were seated in clusters; conversely, children with a loneliness score higher than 1.65, representing the
lonelier 5.19% of the sample, had a better performance when seated in rows and columns. Considering
the originality of these ideas (Figure 3), children with a loneliness score higher than 0.88, corresponding
to 19.05% of the sample, presented more original ideas when they were seated separately in rows and
columns.
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In addition, loneliness played a signi�cant role in moderating the effect of the experimental manipulation
on ToM, F(1,75)=4.367, p=.040. In particular, the seating arrangement signi�cantly impacted the
performance of children with a loneliness score higher than 0.71 (Figure 4), which corresponded to the
lonelier 28% of participants, for whom theory of mind scores were signi�cantly lower when working in
clusters. Considering the interaction of gender x arrangement found in the previous analysis, a chi-square
test was performed to check the gender distribution in the two groups of children with a loneliness score
higher and lower than 0.71. The results indicated a similar distribution of boys and girls in the two
groups, χ2(1)=.530, p=.466. Thus, given the lack of association between gender and loneliness scores,
gender difference seems to not affect the moderating role of loneliness.

Discussion
The goal of this on �eld study was to determine the effect of an experimental manipulation of classroom
seating arrangement on different types of cognitive tasks, in children attending primary school. In
particular, the effect of seating arrangement in relation to some individual characteristics was analyzed:
gender, relational self-esteem, popularity and loneliness as assessed by classmates, and physiological
reaction to proximity were the moderators considered. The cognitive tasks included as outcomes involved
convergent thinking (logical reasoning), divergent thinking (creativity), and social cognition (theory of
mind). One of the tested seating arrangements (i.e., rows and columns) is the arrangement prescribed by
the last guidelines for school re-opening in Italy (MIUR, 2020), for ensuring social distancing as a
measure against COVID-19. This makes the results of the present study a peculiar window on the current
time.

The results indicated that the logical reasoning performance was higher when children were positioned at
a greater distance from one another, which is the row and column seating arrangement. The main effect
of the experimental manipulation found for the logical reasoning task is partially in line with the limited
previous literature that has shown that children are more able to solve individual tasks when seated in
rows and columns (Bennett and Blundell 1983). While Bennett and Blundell’s study showed that being
seated separately from peers positively in�uenced the quantity of work that children were able to
complete, the present study suggests that quality, in terms of correct responses, is also promoted.
However, the nonsigni�cant main effect that emerged for the other cognitive tasks suggests that seating
arrangement in�uences cognitive performance in different ways. Although this was the only signi�cant
main effect of the experimental manipulation that emerged, further signi�cant results were observed
when considering individual variables as moderators.

Moderating role of gender
The �rst moderator that showed a signi�cant in�uence on the effect of seating disposition on a cognitive
task was gender: girls showed better performance in the social cognition (i.e., ToM) task when seated
separately. A possible explanation for this result is related to the different nature of social competence
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found in girls and boys, with girls showing more nurturance and concern with social issues (Rose‐Krasnor
1997) and better emotion recognition skills (McClure 2000) than boys. It can be hypothesized that girls,
compared to boys, are more attentive to peers when they are close to them, which leads their attention
and cognitive resources away from the cognitive task that they are working on. This hypothesis would be
particularly true when children are involved in a social cognition task, leading their attention to social
cues. Therefore, close peers would act as irrelevant environmental stimuli for girls, competing with the
ToM task stimuli and leading to a major cognitive load and consequently weaker performance (Choi, Van
Merriënboer and Paas 2014).

Moderating role of loneliness
The stronger result of the present study was the role played as a moderator by children’s level of
loneliness. It moderated the effect of the seating arrangement on the ToM performance: lonelier children
performed better in the social cognition task when seated in rows and columns. Loneliness, as assessed
by peers, also moderated the effect of seating arrangement on the creativity task: the lonelier children
were able to think of a greater number of ideas when seated separated in rows and columns, whereas the
children in the one-third of the sample that felt less alone had more creative ideas when seated in
clusters. Finally, the originality of these ideas was in�uenced by seating arrangement for the lonelier
children, which had a higher originality score when seated separated by classmates (i.e., rows and
columns).

According to the model of loneliness proposed by Hawkley and Cacioppo (2010), lonely individuals show
hypervigilance for social threats, which exerts a powerful in�uence on perceptions and cognition, leading
to overattention to negative social information in the environment and less resources for other tasks. It is
possible that this mechanism is stronger when lonely children are close to peers: having classmates
close to them would move their attention to this social cue, resulting in more cognitive load (Choi et al.
2014) and less attention to the requested task. Similarly, being close to peers can lead, for some
individuals, to the need for self-regulation skills, for example, to regulate levels of anxiety and fear of
rejection. Self-regulation implies the activation of frontal brain areas (Rothbart, Sheese, Rueda and
Posner, 2011), which is also associated with the executive functions and higher- order cognitive
processes needed for solving cognitive tasks (Diamond 2013). Accordingly, loneliness has been
associated with impaired cognitive performance and cognitive decline over time (Cacioppo and Hawkley
2009). For the creativity task, a signi�cant moderation effect was also obtained for children with low
levels of loneliness, who were able to think of a greater number of ideas when seated in clusters.
Therefore, children less frequently used to being alone bene�tted from the closeness of peers in a task
involving divergent thinking. This result is in line with previous studies that showed better functioning in
creative tasks when working and interacting in groups (Milliken et al. 2003; Paulus and Yang 2000),
although in this case, children were required to solve individual tasks in a clustered disposition. However,
cluster arrangement is related to cooperative learning and other student-centered approaches in the
school daily life (Norazman et al., 2019), so less alone students could symbolically perceive the situation
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as a “group work”, bene�ting from its positive consequences on a creative task. This result suggests that
the mere physical proximity can lead to the bene�ts that group work provides for creative thinking.

Nonsigni�cant moderators
Considering the signi�cant effect of loneliness as a moderator, an opposite pattern of results (i.e., with
stronger performance in cognitive tasks for popular children when seated in clusters) for popularity was
expected. This is because lonelier children are usually less popular, and vice versa (Newcomb et al. 1993).
In contrast, popularity was not a signi�cant moderator of the experimental manipulation. A possible
reason for this result is that the link between popularity and loneliness is not as straightforward.
Popularity is de�ned as the degree to which a child is liked by the peer group (Newcomb et al. 1993); this
variable has been shown to exert an indirect in�uence on loneliness through its effects on other variables,
such as feelings of belongingness (Bukowski, Hoza and Boivin 1993). In line with this observation, the
correlation between these two peer rating variables was only moderate. Popularity in children is
associated with smaller interpersonal distance: peers like popular children and usually seek to be closer
to them (van den Berg and Cillessen 2015). On the other hand, it has been shown that popular children
can sometimes be dominant and aggressive, particularly relationally aggressive (Lease, Kennedy and
Axelrod 2002), and therefore, some children might want to maintain distance from them. These mixed
results regarding popularity and preferred interpersonal distance – associated to seating arrangement –
can be the reason for the nonsigni�cant moderating effect of popularity.

Additionally, neither relational self-esteem nor physiological reaction to proximity were moderators of the
effects of seating arrangement, despite both being variables that are closely linked to the experience of
social closeness. However, the lack of results regarding these variables can be the consequence of the
instrument used to assess them: it has been shown that children may struggle to describe their
experience via a self-report measure (Varni, Limbers and Burwinkle 2007). In the present study, peer-rated
(i.e., loneliness) or objective (i.e., gender) measures, more than self-reported measures, were signi�cant
moderators. The use of multiple points of view for assessing potential moderators could help to better
investigate the effects of these variables.

Implications
The present study suggests the importance of considering both the nature of the task and children’s
individual characteristics when deciding on a seating arrangement in the classroom. In particular,
teachers should prefer a seating arrangement that keeps students separated when working on tasks
involving convergent thinking, such as reasoning tasks. Considering students’ characteristics, teachers
should pay attention when children who are usually alone work close to classmates (i.e., seated in
clusters) because this closeness could impair their cognitive performance for some types of tasks.
Accordingly, school policies aimed at consolidating the group class and leading all children to be socially
integrated with classmates would be helpful.
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Furthermore, these results have implications for the de�nition of the architecture and design of learning
environments. Flexible learning spaces and mobile furniture for classrooms that allow for the quick
rearrangement of the room (Neill and Etheridge, 2008) are recommended because seating patterns need
to be consistent with learning aims. This type of furniture would allow for the arranging of both
traditional and student-centered classroom environments, based on the type of task and on the students
involved.

Finally, these results suggest that the seating arrangement recommended by the guidelines of social
distancing for COVID-19 could have a positive impact on some types of tasks and for some types of
students. However, to better respond to all classmates’ needs and to didactic needs, these measures
should be maintained only for the time necessary to the sanitary emergence, and abandoned immediately
after, in order to allow the �exibility in the organization of classrooms’ spaces.

Conclusions And Future Directions
The present study showed that changes to the traditional school learning environment (i.e., the row and
column seating arrangement) toward a student-centered approach (i.e., cluster seating arrangement) did
not always correlate with positive effects on academic achievement (Byers et al. 2018). In contrast, for
some tasks and for some individuals, a larger interpersonal distance from classmates can be an
environmental factor leading to better performance in cognitive tasks. Teachers should consider both the
nature of the learning tasks and the characteristics of the children when organizing seating arrangements
in primary school classrooms.

This on �eld study is one of the �rst studies to experimentally investigate the effects of classroom
seating arrangements on students’ cognitive performance, additionally considering individual variables
as potential moderators. Future studies with similar methodologies are needed to explore the effects of
seating arrangements on other cognitive tasks and, beyond the performance, on the learning process.
Further research might also identify other individual (e.g., rejection sensitivity; Downey, Lebolt, Rincón and
Freitas 1998) and contextual (e.g., relationship with classmates, gender of the close classmate) factors
that can serve as moderators. Moreover, children and adolescents of different ages should be involved in
similar research to verify whether individual variables play a different role based on students’
developmental stage.
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Tables
Table 1 Descriptives for the individual variables measured as potential moderators

Variable Mean (SD) Min-Max

Relational self-esteem 3.10 (.39) 1.92 – 3.76

Peer ratings - popularity 1.58 (.43) .55 – 2.46

Peer ratings - loneliness .61 (.46) 0 – 2

Physiological reaction scale 2.15 (.87) 1 – 4.25

Note. SD = standard deviation

Table 2 Pearson correlations among individual variables measured as potential moderators

  Peer ratings:
 

popularity

Peer ratings:
 

loneliness

Physiological reaction
 

scale

Relational self-esteem .176 -.469** -.161

Peer ratings: popularity
 

-.423** .148

Peer ratings: loneliness
   

.084

Note. ** = p < .01
     

https://doi.org/10.1186/1477-7525-5-2
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Table 3 Descriptive of the cognitive tests administered when children were arranged in clusters or in rows and columns

Variable  

  Mean (SD) Min-Max Mean (SD)Min-Max

Logical reasoning 10.96 (2.43) 5-15 11.47 (2.67) 4 – 15

Creativity: n° ideas 3.30 (2.10) 0-9 3.09 (1.95) 0 – 8

Creativity: originality 2.85 (.49) 1.50-4.50 2.97 (.56) 2 – 4.50

Theory of mind 7.97 (2.13) 3-13 8.46 (2.25) 2 – 13

Note. SD = standard deviation

Figures

Figure 1

Seating arrangements used for the experimental manipulation: desks were arranged in (a) clusters or in
(6) rows and columns.
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Figure 2

Moderation graph describing the effect of seating arrangement on number of ideas in the creativity task
(ordinate), based on children's loneliness as rated by peers (abscissa); children with a loneliness score
lower than 0.33 and higher than 1.65 were signi�cantly affected by the manipulation. NS = non
signi�cant
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Figure 3

Moderation graph describing the effect of seating arrangement on the originality of ideas in the creativity
task (ordinate), based on children's loneliness as rated by peers (abscissa); children with a loneliness
score higher than 0.88 were signi�cantly affected by the manipulation. NS = non signi�cant
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Figure 4

Moderation graph describing the effect of seating arrangement on the theory of mind (ordinate), based
on children's loneliness as rated by peers (abscissa), children with a loneliness score higher than 0.71
were signi�cantly affected by the manipulation. NS = non signi�cant


