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Off-seat behaviour refers to students leaving their seats and walking out of a classroom
without the teacher noticing. This behaviour occurs in special education for students
with certain special needs, which would lead to serious safety problems. This study
carried out an inattentional blindness test to explore whether the location of seats in
classrooms would impact teachers’ detection rate regarding off-seat behaviours. The
participants were 126 pre-service teachers (M age = 18.72 ± 0.723; 92% female) who
were invited to perform the primary task of counting students raising their hands up
whilst the disappearance of one of the students was introduced as an unexpected
occurrence. The results show that peripheral seats were more detectable than the
central ones for the teachers to notice the “missing student.” Meanwhile, the left and
below oriented seats were more likely to be ignored compared to those that were
right and upper oriented. These results suggest the existence of a location effect in
the classroom that is associated with teachers’ attention regarding off-seat behaviour.
This study has implications for classroom management in terms of arranging students’
seats appropriately to assist in increasing teachers’ identification of this hazard.

Keywords: inattentional blindness, location effect, special education, classroom management, off-seat behaviour

INTRODUCTION

Off-seat behaviour has been reported frequently in the education of students with certain special
needs, such as autism spectrum disorder (Patterson and Steven, 2009; Yang et al., 2012; Aspiranti
et al., 2018). Off-seat behaviour may result in dangerous consequences if teachers fail to detect the
“missing student” in a timely manner. Given the dynamic activities and multi-tasks in a classroom
that occupy most of a teacher’s attention resource, it is possible for teachers to unconsciously ignore
off-seat behaviour in many situations.

Research suggests a low detection rate of unexpected stimuli for participants being occupied
by other tasks. Location effect, that is, detection rate varying according to the location of stimuli’s
appearance (e.g., centre or margin), is identified in experimental environments (Newby and Rock,
1998; Most et al., 2000). Based on this notion, it is reasonable to propose that off-seat behaviour
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that occurred in different locations in a classroom may attract
teachers’ attention at different levels. This study is designed
to use an inattentional blindness (IB) test to explore the
location effect in a classroom for teachers’ detection of off-
seat behaviours. The purpose of the IB test is to assess
an individual’s ability to recognize unexpected events while
concentrating on cognitively demanding tasks that need close
attention (Mack and Rock, 1998; Simons and Chabris, 1999).
The results of the study would increase our understanding of
the location effect in classrooms that is related to teachers’
attention. It has implications for classroom arrangement in terms
of positioning children appropriately for preventing off-seat
behaviours from being ignored.

Literature Review
The IB test is widely applied in fields of medicine (Dixon et al.,
2013; Drew et al., 2013; Hughes-Hallett et al., 2015; Ho et al.,
2017), transportation (Pammer and Blink, 2013; Yuan et al.,
2021), sports (Furley et al., 2010; Klatt and Nerb, 2021), and safety
practices (Castel et al., 2012; Wiseman and Watt, 2015), where
people’s attention needs to be divided for addressing multiple
tasks. Researchers attempt to investigate how people detect
unanticipated occurrences while concentrating on their missions.
A consensus in the literature is that individuals’ IB presented
at a variety of levels under different conditions. For example,
compared to a single task requiring only visual or auditory
attention, the extent of IB could be increased when people
are exposed to dual tasks requiring both visual and auditory
attention (Alsius et al., 2005). Considering the classroom duties
that involve extensive visual and auditory devotion, teachers’ IB
rate may be maintained at a certain level during teaching.

To date, the application of the IB test in school education
is limited, though teachers’ attentional division is crucial for
classroom management (Wolff et al., 2016). Research relating to
classroom management has identified a series of impact factors,
such as the class size (Finn, 2019; Huang et al., 2022), the
cognitive load of the teaching task (Prieto et al., 2018; Feldon
et al., 2019; Huang et al., 2021), and children’s behaviours
(Phillips and Downer, 2017), which are associated with the
quality of classroom management, requiring teachers’ attentional
division of different degrees. For special education, teachers
may encounter a more complicated situation in the classroom
(Allam and Martin, 2021). A common cognitively demanding
task can be very difficult for students with special needs, and their
challenging behaviours are shown more frequently than other
students (Lever, 2014; Polirstok, 2015). However, a particularly
relevant study on Chinese teachers’ classroom management in
special schools found that the teachers’ attention could be more
attracted by students’ attention-seeking behaviours (e.g., raising
hand up for questions) rather than challenging behaviours [e.g.,
being violent to peers; Wang et al. (2013)]. All these studies
indicate the uncertainty of teachers’ attentional allocation to
individual students in a dynamic classroom environment. Given
the unobstructive nature of off-seat behaviour, there is a high
possibility for teachers to ignore the quiet “missing student.”

The factors that affect people’s attentional division for
detecting unexpected stimuli is the main topic in IB tests. The

physical features, such as the size and the colour of unexpected
stimuli, are found to be associated with people’s detection rates
(Mack and Rock, 1998; Koivisto et al., 2004; Qin and Chen, 2011).
In Koivisto et al. (2004) study, the participants were assigned
a task to name digits that appeared sequentially on a screen
while unexpected stimuli including black, red, blue, and green
circles appeared shortly at the center of the screen. The results
showed that the participants performed worse in perceiving the
black circle (8%) than the red/blue circle (61%) and green circle
(53%). This study is partially supported by Kelly et al. (2018) who
explored stimuli in different colours in an IB test. The researchers
found that the detection rates reduced when the luminance of the
stimuli’s colour decreased. The size of stimuli is also identified to
be associated with detection rates. The larger size of the stimulus,
the higher the possibility it is to be detected by people (Mack and
Rock, 1998; Chen, 2013). These findings conveyed the message
that more conspicuous stimuli tend to catch more of people’s
attention, which is in line with our common sense. Nevertheless,
the effect of the stimuli’s feature can be significantly impacted by
the participants’ expectation. For participants who were given a
vague (covert cue) or clear clue (overt cue) to expect a stimulus,
the detection rate will be substantially increased regardless of the
feature of the stimuli (Mack and Rock, 1998; Ward and Scholl,
2015; Zhang et al., 2022).

A strand of IB research focuses on the location effect of
IB, and inconsistent findings have been reported in the field.
Some scholars found that centrally positioned stimuli can attract
more attention than those in the margin areas because a central
position is closer to the fixation point (Newby and Rock, 1998).
This claim is endorsed by the studies that demonstrate a longer
distance from the central predicting a lower detection rate in IB
tests (Most et al., 2000; Kreitz et al., 2015). For example, in Newby
and Rock’s (1998) study, the participants were invited to perform
a “cross task” (judging which arm of the cross is longer) while
the unexpected stimuli showed shortly in different positions. The
participants were less likely to notice a further stimulus from the
cross. Likewise, Most et al. (2000) conducted an IB study with a
primary motion task guiding the participants to count the times
that black letters “touch a baseline” on a screen while unexpected
stimuli (crosses) are shown in different positions. The crosses
positioned further from the “baseline” were more easily neglected
by the participants.

However, different results are shown in a recent IB test
undertaken by Kreitz et al. (2020) who explored the location
effect of stimuli by grouping the stimuli’s positions into central
and periphery areas, rather than testing their individual fixed
positions. The participants were required to report the number
of target stimuli (light grey triangles) placed in two clusters,
whilst two unexpected stimuli (two squares) appeared around the
clusters. One is between the clusters (the central area) and the
other is outside the cluster (the periphery area). The researchers
found significantly higher detection rates when the unexpected
stimulus appeared in the periphery area rather than the central
area. The researchers argued that this result may be caused by
more visual attentional breadth being deployed in periphery
areas than the central area. This study is consistent with a few
other studies exploring the central inhibition effect that show the
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central stimuli being less detectable than those in the peripheral
positions (Mack and Rock, 1998; Chen and Treisman, 2008;
Thakral and Slotnick, 2010). The above studies indicate that
stimuli’s location effect in IB tests should be considered from
both perspectives of breadth and distances of attentional focus.
In addition, some scholars claimed the non-existence of location
effect in IB tests. The unexpected stimuli caused similar detection
rates when they were in an individuals’ vision, regardless of their
positions (Koivisto et al., 2004; Huang et al., 2012).

In conclusion, the research of IB test is to gain an
understanding of the human being’s nature in attention division
under different conditions. Researchers explored different stimuli
with different research paradigms. The feature of stimuli (colour
and size), the attention-demanding levels of primary tasks, and
the location of the stimuli would affect the detection results in IB
tests. The contradicting findings of the location effect in previous
IB tests may be caused by the various primary tasks and the
specific stimuli (occurrences) among these studies. Based on the
existing research, though it is difficult to clarify the mechanism
on how the location effect is associated with participants’
attention, the literature gives a clue that the location effect
exists in many situations, which is the theoretical orientation of
the present study.

The Present Study
The purpose of this study is to explore the location effect of
the off-seat behaviour in classrooms that is related to teachers’
attention to off-seat behaviour. It is an attempt to apply the
approach of the IB test in the field of special education, which
is rarely reported in the literature. Differing from previous
studies that unexpected stimuli were presented when people were
engaged in cognitively demanding tasks, the stimulus of the
present study is the disappearance of an existing unit (student)
in front of the participants who perform other classroom tasks.
This experimental paradigm is innovative in IB research and will
increase our knowledge about how “disappearing stimuli” are
associated with people’s attention.

Grounded on previous studies, we hypothesized that a
location effect exists in relation to the teachers’ identification of
the unexpected off-seat behaviour when teachers are engaged in
teaching tasks. Even though there is a controversial argument
on the topic of the central inhibition or central promotion for
detecting the unexpected stimuli, the evidence supporting the
central inhibition effect seems to be more tenable. Enlightened
by the study of Wood and Simons’s (2019) that participants
showed attentional bias to above-oriented stimuli in the IB test,
we speculated that there may also have some specifically oriented
bias in the current study. Moreover, we hold the idea that the
expectation would influence the teachers’ detection of off-seat
behaviours (Beanland and Pammer, 2010). Therefore, we state the
following hypotheses.

Hypothesis 1. A location effect in a classroom exists in relation
to the teachers’ identification on off-seat behaviour.

Hypothesis 2. The central inhibition effect would be found in
this IB test, that is, the detection rates of the off-seat behaviour

that occurred in central seats would be lower than those in
peripheral seats.

Hypothesis 3. The overt or covert cues of the off-seat
behaviour’s occurrence would effectively improve the teachers’
detection of this behaviour.

MATERIALS AND METHODS

Participants
For this study, 129 undergraduates who majored in education
(pre-service teachers) were recruited from Zhejiang Normal
University, China, which is a convenience sample. These
participants were chosen with the following criteria: (a)
completed internship experiences in special schools or preschools
providing inclusive programs, and therefore these participants
obtained basic knowledge and skills in special education and
classroom management; (b) had no experiences of joining in
similar IB experiments and were unaware of the fundamental
purpose of the study; (c) have normal or corrected-to-
normal vision. These participants were informed to retain the
secret principle after the experiment, avoiding communication
between one another.

Among the 129 participants, we excluded three participants’
data from the analysis because of their poor performance in
the primary tasks of counting the number and labeling the
positions of the students with their hands raised. These three
participants did not pay full attention to the primary task (whose
accuracy is less than 70%) that would impact the reliability of the
results. In this regard, there were 126 participants in this study
(Mage = 18.72 ± 0.723), and 92% were female.

Materials
We used the E-Prime 3.0 software to write the IB task. To
set up the experimental conditions appropriately, two elements
were considered. Firstly, in Chinese special schools, the class
group does not exceed 10 students and their seats are usually
arranged in the pattern of three rows and three columns.
Secondly, there are many situations where the teachers have
difficulties allocating attention to all students in classrooms, and
one typical context is that teachers need to address some students’
questions when students raise their hands. Therefore, the IB
experiment task was designed to create a classroom scene on a
computer screen in a similar pattern of three rows and three
columns that includes nine students. The primary task for the
participants to perform was to recognize the locations of the
students putting their hands up.

The classroom scene was illustrated by professional painters.
The nine students sat on a chair behind a table as Chinese
classroom management usually requires. As research suggests
that conspicuous stimuli would attract more attention, the
present study was then designed to make the appearance of
“presenting students” be unified with the same hair and dressing
styles and the same colour. This design was to exclude the effect
from the feature of stimuli so as to focus on the investigation
of the location effect in the classroom. The students who
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“appeared in the classroom” (including boys and girls) on the
computer screen were presented in two styles: (1) sitting properly
and listening to teachers; (2) raising hands to seek teachers’
attention. The unexpected occurrence of the study was the
disappearance of one student who was positioned in different
seats. Each combination of a student’s position was about 170
pixel (3.1◦) × 234 pixel (4.3◦). Figure 1 presents the scene
of the classroom.

Procedures
The ethics of this study were approved by the Ethics Committee
of the Institute of Psychology, Zhejiang Normal University. This
study was carried out in accordance with the Declaration of
Helsinki (2013) and included informed consent, thus ensuring
participants’ anonymity throughout the process and the option
to quit at any moment. The tasks were presented on a laptop with
a 14-inch monitor, a refresh rate of 60 Hz, and a screen resolution
of 1,024 × 768 pixels. The participants were tested individually
in the laboratory. They sat in front of a computer monitor with a
viewing distance of approximately 60 cm. There were seven trials
in the IB test, and each trial consisted of the following steps: (1)
a tiny black central cue was displayed on the white screen for
1,000 ms; (2) nine students (including sitting properly and raising
hands) in a classroom appeared at the center of the screen for
1,000 ms; (3) a visual mask with a black and grey pattern lasts for
1,300 ms; (4) operation interface to the primary task.

The first three trials were formal trials in which the nine
students, no matter sitting properly or raising hands, were
presented in the scene of a classroom on the computer screen,
and the participants only needed to complete the primary

FIGURE 1 | The scene of the classroom. Drawings created by Han Zhou.
Reproduced with permission.

task, detecting who raised their hands and pointing out their
locations. In each primary task, there were three to five targets
(hand raising children) that randomly appeared on the screen.
The fourth trial was a critical trial, where there were eight
students presented and one student disappeared unexpectedly.
The participants completed the primary task and then answered
two extra questions to clarify whether they had detected the off-
seat student. Question 1: Did you notice anyone disappearing
in the last scene? Question 2: Please point out the seat of the
student with the off-seat behaviour. If the participants were able
to report that they noticed the missing student and select the right
seat, then they were classified into the “NIB” (Non-Inattentional
Blindness) group. The participants who failed to report the
“missing student” or the location of the student were viewed
as belonging to the IB group. The fifth trial was covert divided
attentional trial because participants would have the anticipation
of “missing student” and would pay attention to any follow-up
stimuli though they were still asked to focus on the primary
task. Participants who failed to notice and identify the position of
the off-seat students in this trial were classified as DB1 (Divided
Blindness 1) group, and on the contrary, they were sorted into
the “NDB1” (Non-Divided Blindness 1) group. The sixth trial
was overt divided attentional trial, in which the participants were
instructed to pay attention to the “missing student” as well as
complete the primary task. If the participants could not detect
the position of the off-seat student, then they will be regarded as
DB2 (Divided Blindness 2) group, or they will be classified as the
“NDB2” (Non-Divided Blindness 2) group. The seventh trial was
the focused attentional trial, where some prompts will be added
to guide the participants to pay all their attention to the spot
of the off-seat student. This trial was set to assess whether the
participants were able to detect the disappeared student in the
focused attention. Figure 2 shows the flow of the diagram. The
positions of the seats were numbered (e.g., seat 1 and seat 2).

Data Analysis
According to previous studies of IB (Klatt and Nerb, 2021; Yuan
et al., 2021), we performed a statistical analysis to estimate the
necessary sample size (G∗Power 3.1.9.7, Düsseldorf, Germany).
With a power of 0.80 and an alpha of 0.05, the projected sample
size needed for medium effects of w = 0.40 was calculated, and
it is atleast N = 94. The 126-sample size in the current study
successfully met the requirement.

All the experimental data was coded and statistically analyzed
using SPSS23.0. Chi-square tests combined with the binary
logistic regression analyses that were performed to examine the
location effect. Drawn on the theory of the central inhibitory effect
of IB, we divided the seats into two categories: the center seats and
the peripheral seats. The center seats included the seats of 2, 4, 5,
6, and 8 and the peripheral seats included the seats of 1, 3, 7, and 9.

RESULTS

The Accuracy of the Primary Task
The mean accuracy of the primary task was 88.43 ± 3.75%. The
t-test results revealed that there was no significant difference
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FIGURE 2 | The flow diagram of the experiment. Drawings created by Han
Zhou. Reproduced with permission.

among the nine seats in terms of the accuracy of the primary
task, t(8) = –0.004, p > 0.05, which showed that the difficulty of
the primary task in relation to the nine seats was manipulated
reasonably in the study, thus avoiding irrelevant effects on the
detection rates of unexpected stimulus.

The Detection Rates of the Off-Seat
Behaviour
The number of detectors and the detection rates of the off-seat
behaviour among the nine experimental seating locations in the
critical trial are plotted in Figure 3, and the mean detection
rates of off-seat behaviour were 59.5% in this trial. Meanwhile,
the mean detection rates of the off-seat behaviour in the covert
divided trial and overt divided trial were 88.81 and 94.44%,
correspondingly.

A Chi-square test was conducted to examine the location
effect on the detection rates of off-seat behaviour (Hypothesis
1). The results showed that there was a significant difference in
the detection rates among nine seats, χ2(8, N = 126) = 26.089,
p = 0.001, ϕ = 0.455. A binary logistic regression was analyzed to
clarify which seats were more or less detectable for the off-seat
behaviour, and the results showed that off-seat behaviour in seat
2 (B = –2.216, Wals = 6.340, p = 0.012, 95% CI [0.019, 0.612]) and
seat 4 (B = –1.833, Wals = 4.798, p = 0.028, 95%CI [0.031, 0.825])
were significantly less noticeable than those in the other seats (see
Figure 3). Please note that seat 2 was positioned below the central
point of seat 5, and seat 4 was left to the central point.

Another Chi-square test was added to analyze the different
location effects (central inhibitory effect) on the detection rates of

off-seat behaviour (Hypothesis 2). The results showed that there
was a significant difference in the detection rates between the
center seats and the peripheral seats, χ2(1, N = 126) = 10.021,
p = 0.002, ϕ = 0.282. Students with an off-seat behaviour were
more likely to be detected when they were arranged in the
peripheral seats than in the central positions.

A Cochran’s test was conducted to compare the detection
rates in the two divided trials and a critical trial (Hypothesis
3). We found the detection rates in the two divided trials
were significantly higher than in the critical trial, χ2(2,
N = 126) = 58.857, p < 0.001, ϕ = 0.683.

DISCUSSION

This study adopted an IB task based on a semi-virtual class
scene to explore the location effect in relation to the teachers’
detection of off-seat behaviour. The findings identified location
effect in the classroom with “disappearing stimuli,” which extends
the research paradigm of the IB test in educational settings. The
results have implications for seat arrangements in classrooms for
minimizing the potential risk of teachers’ IB on off-seat behaviour
in special education.

The existence of the location effect in the classroom suggests
that seats matter with regard to the teachers’ attention. This
finding is in line with the research on spatial attention in
the IB paradigm that unexpected occurrences that appeared
in different spatial locations influence participants’ attentional
distribution (Mack and Rock, 1998; Chen and Treisman, 2008;
Thakral and Slotnick, 2010). Relevant research indicates that
in addition to the factors of distance, the orientation of the
stimuli affects the individual’s visual processing in IB tests as
well (Wood and Simons’s, 2019). Specifically, the unexpected
occurrences travelling horizontally above the fixation (the focus
point that the participants need to pay attention to the primary
task) were more likely to be noticed than those horizontally
below (Wood and Simons’s, 2019). The result of seat 2 (below
centre) showing less detection rate than the other seats seems
to support this claim. However, the result of less attention on
seat 4 (left to centre) contradicts the pseudoneglect phenomenon
that individuals tend to exhibit a subtle attentional bias to the
left space (Nicholls et al., 1999; Voyer et al., 2012). One possible
reason is that the present IB study assigned participants with
a primary task of high attentional load (three to five targets
in each task). Therefore, there was extremely limited attention
resources that remained for the unexpected stimulus to show the
left-orientation bias. Relevant research also suggests that the left-
orientation attentional bias is not stable when the attentional load
increased, and the bias may shift to right-orientation because the
interhemispheric rivalry results cause a more global decrease in
right hemisphere activation that drives attention rightward (Peers
et al., 2006; Dodds et al., 2008; Matthias et al., 2009; Newman
et al., 2013). With limited studies, it is difficult to confirm a left or
right bias of attention in IB tests, and further research is needed
to confirm this issue.

Another significant finding of this study is that the detection
rate of off-seat behaviour among peripheral seats is higher than
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FIGURE 3 | The number of detectors and detection rates of the off-seat behaviour. *means the p value is less than 0.05.

that of the central seats. It resonates with the studies of a central
inhibitory effect which shows a tendency of people’s attention
shift, that is, a gradient increase of attentional suppression
(allocation of attention) to target stimulus from the periphery to
the center in visual perception. This tendency was found in both
attentional condition, where participants’ attention was allocated
to probe the target distractor (Bouma, 1973; Jonides, 1981; Juola
et al., 1995; Goolkasian, 1999), and inattentional condition (such
as IB paradigm) where distractor stimulus appeared suddenly
(Mack and Rock, 1998). The theory of “inhibition of the return”
might be the possible explanation for the detection advantages
of the peripheral area. This theory suggests that the attentional
focus is less likely to return to the previous attentional location
after shifting away within a short duration [e.g., a few seconds;
Klein (2000)]. Many participants experienced the focus shifting
from central to marginal area in IB tests because participants are
usually guided to focus on the fixation point in the central spot
to make their attention prepared before formal trails (this study
did this as well). This pre-experience facilitates the unexpected
occurrence (stimulus) in the central area being ignored by the
participants during their attention shifting away period. Another
reason may relate to the design of the experiment that the
peripheral locations of scratchable latex (3 rows ∗ 3 columns)
were far away from fixation (central point), which required
participants to distribute broader attention resources to the
process, so it took a slightly longer time for the participants to
shift their attention back to the central area. This design increased
the possibility for the unexpected occurrence (off-seat behaviour)
in the peripheral locations being detected, while those in the
center locations were suppressed.

Perhaps the most significant finding lies in the divided
trials. The participants were more likely to detect an off-seat

behaviour in the divided trial when holding the expectation on
the unexpected stimuli. This result is consistent with previous
studies that found higher detection rates in the divided trials as
well. The participants would allocate more attentional resources
to unexpected stimuli when having anticipants (Mack and Rock,
1998; Beanland and Pammer, 2010; Ward and Scholl, 2015;
Zhang et al., 2022). This result suggests that teachers’ awareness
and expectations about off-seat behaviour would assist them to
identify this behaviour better in the classroom.

Limitations and Implications
Although this study innovatively explored the location effect of IB
in an educational context and achieved interesting findings, we
should recognize its limitations. Firstly, the number of the total
participants satisfies the statistic criterion, yet the participants
who were assigned to identify the disappearing stimulus in
different locations were limited. Secondly, the left-oriented (seat
4) and below-oriented inhibition (seat 2) identified in the study
needs to be further clarified as there is no agreed theory in
the field to endorse this finding. In addition to addressing
these limits, future research needs to consider the IB tests to
be undertaken in a real classroom. It would be meaningful
to simulate a real classroom scenario using Virtual Reality
technology to increase ecological validity (Huang et al., 2022;
Seufert et al., 2022). Besides, the seat arrangements are not
limited to the layout of scratchable latex (3 rows ∗ 3 columns)
as presented in this study. There are many other layouts which
should be studied in the future.

Mindful of the above limitations, this study has important
implications for classroom arrangement in the education of
students with certain special needs. Based on our findings, some
special-needs students may be more suitable to be placed in the
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peripheral locations, which are mainly distributed in the four
corners of the classroom. The positive result of the divided trail
advocates the necessity of enhancing pre-service and in-service
teachers’ awareness of dangerous consequences of the off-seat
behaviour, as this would increase teachers’ attention division for
identifying this hazard more effectively.
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