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Abstract

Background: Sensory differences are related to the autistic traits, and previous studies have shown a positive correla-
tion between sensory differences and internalizing problems. In this study, we hypothesized that sensory differences
and suffering due to sensory differences mediates the relationships between autistic traits and internalizing problems.

Methods: A total of 346 female Japanese university students completed questionnaires regarding their autistic traits,
suffering due to sensory differences, and internalizing problems. Moreover, 114 participants completed a question-
naire related to sensory differences.

Results: Autistic traits were correlated with Low Registration and Sensation Avoiding. These sensory differences were
also correlated with suffering due to sensory differences and internalizing problems. Moreover, path analysis indicated
that the higher the suffering due to Low Registration and Sensation Avoiding was, the greater the internalizing prob-
lems in those who showed these sensory differences.

Conclusions: Female university students with serious suffering due to sensory differences may need support in man-
aging their suffering and internalizing problems. Further research will help suggest support that these people require,
at school and elsewhere.
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Background

The term “autism spectrum disorder” (ASD) was intro-
duced in the fifth edition of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5). ASD is diagnosed
by persistent deficits in social communication and inter-
action across multiple contexts, and restricted or repeti-
tive patterns of behavior [1]. To measure the degree to
which an adult with normal intelligence has these traits,
Baron-Cohen and colleagues [2] developed the autism
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spectrum quotient (AQ). Intensity of autistic features
vary among autistic people; autistic traits are distributed
as a continuum in the general population [3, 4]. Fur-
thermore, autistic traits exhibit stability from childhood
through early adulthood in individuals with and without
ASD [5].

The risk of secondary problems may be elevated if a
person with strong autistic traits cannot have access to
appropriate support. In fact, it has been reported that
individuals with ASD exhibit greater internalization of
problems, including depression and anxiety, than those
without ASD, and they often develop co-occurring disor-
ders such as anxiety disorder and mood disorders [6, 7].
Moreover, even in the general population, the stronger
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an individual’s autistic traits were, the greater the inter-
nalization of problems. For example, there is a relation-
ship between autistic traits and internalizing problems
in general elementary school students [4, 8]. University
students also exhibit a correlation between higher anxi-
ety and more severe autistic traits [9]. Because individu-
als with strong autistic traits but no diagnosis of ASD are
at high risk of these psychiatric issues, further study on
the general population to provide appropriate support is
needed [4]. However, few studies have investigated stu-
dents in general. Therefore, more detailed research on
the relationship between autistic traits and internalizing
problems is required.

Particularly in regard to females, studies and sup-
port may be needed for individuals who are not diag-
nosed with ASD but have high autistic traits because
there is evidence of a diagnostic bias that girls who meet
the criteria for ASD are at risk of not receiving a clini-
cal diagnosis [10]. One reason females are underdiag-
nosed is masking. For example, it has been reported
that in females with ASD, milder repetitive stereotyped
behaviors and less severe difficulties at school may lead
to under-recognition of ASD [11]. However, females with
ASD need support in regard to different aspects because
they often show other problems, such as greater inter-
nalization of problems and more sensory differences than
males with ASD [12]. Therefore, although many studies
have focused on males, further studies on females are
needed to provide the necessary support for females with
ASD as well as those with strong autistic traits.

Among autistic traits, sensory differences have been
attracting attention in recent years and were added as
a diagnostic criterion of ASD in the DSM-5. They are
described as “hyper- or hypo-reactivity to sensory input
or unusual interest in sensory aspect of the environment”
[1]. Indeed, many empirical studies have found that indi-
viduals with ASD have sensory differences [13—15]. It has
been reported that there is no differentiation by age [15].
Regarding the general population, it has been reported
that people who have not been diagnosed with ASD but
have high levels of autistic traits have sensory differences
[16, 17]. Therefore, even in the general population, indi-
viduals with high autistic traits may also have sensory
differences. If autistic traits are related to sensory differ-
ences in the general population, support related to sen-
sory differences should also be provided to individuals
with high autistic traits. However, only a small number
of studies have focused on sensory differences in the gen-
eral population, and related support is mainly provided
to individuals with ASD. Hence, more detailed research is
required regarding sensory differences in this population.

One of the most widely used tools to assess sensory
differences is the Sensory Profile (SP) questionnaire
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based on Dunn’s model [18]. Dunn proposed that there
is an interaction between neuroscience and behavioral
concepts. The SP has four quadrants: Low Registration,
Sensation Seeking, Sensory Sensitivity, and Sensation
Avoiding. Low Registration is a combination of high neu-
rological thresholds and passive behavioral responses
while Sensation Seeking is a combination of high neuro-
logical thresholds and active behavioral responses. In the
case of the other two quadrants, Sensory Sensitivity is a
combination of low neurological thresholds and passive
behavioral responses while Sensation Avoiding is a com-
bination of low neurological thresholds and active behav-
ioral responses. Some studies using the SP series have
suggested that many individuals with ASD demonstrate a
variety of sensory patterns and relatively more Low Reg-
istration and Sensation Avoiding behaviors [14, 19].

Sensory differences could also be associated with inter-
nalizing problems. It was indicated that the higher a
person’s sensory differences, the higher the anxiety they
experienced, even though most were not diagnosed with
ASD [20]. Moreover, there was a significant correlation
between sensory differences and depressive symptoms
among university students [21]. Kasahara [22] pointed
out that problems related to sensory differences are
stressful because the distress is not understood by oth-
ers. Robertson and Simmons [23] claimed that if some-
one feels negative emotions toward others as a result of
uncomfortable sensory experiences, that person may
suffer increased anxiety. However, the mechanism of
the relationship between sensory differences and inter-
nalizing problems has not been clarified. Therefore, it is
necessary to investigate this relationship in more detail.
Furthermore, sensory differences may be particularly
distressing in females, because it has been indicated that
sensory differences are higher in females than in males,
both for individuals with ASD [12] and without [20]. For
this reason, it is necessary to further investigate this issue
in females.

Regarding the relationship between sensory differences
and internalizing problems, it may be necessary to focus
not only on the frequency of responses to sensory experi-
ences that are measured by the SP series but also on the
subjective suffering resulting from different responses
to daily sensory experiences. Internalization of prob-
lems seems to occur when a person possesses autistic
traits and also experiences suffering resulting from ASD
because this suffering can be associated with depression
and anxiety [24, 25]. Similarly, internalization of prob-
lems may occur when a person responds atypically to
sensory experiences and thus encounters suffering. Many
people with strong autistic traits in the general popula-
tion reported that they had difficulty with sensory stimuli
[23]. It was also reported that sensory differences affect
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autistic students’ learning, such as disrupting their con-
centration [26], and autistic children’s distress while at
school has been shown to be due to sensory symptoms
[27]. Thus, suffering due to sensory differences is com-
mon in people with ASD and in the general population.
This suffering may cause internalizing problems: research
has shown that in regard to adolescents with ASD, when
students suffer from sensory differences, they feel anx-
ious and uncomfortable [26]. Therefore, suffering due to
sensory differences may play an important role in clari-
fying the relationship between sensory differences and
internalizing problems.

Furthermore, if suffering adversely affects the lives of
people with sensory differences, support based on suffer-
ing due to sensory differences could be useful. In particu-
lar, students may need directed support for their suffering
because of sensory differences at school [26]. Robertson
and Simmons [23] also suggested that adapting educa-
tional environments to reduce sensory stressors would
benefit everyone and increase inclusiveness because peo-
ple in the general population, in addition to people with
ASD, have suffered due to sensory differences. Therefore,
it is necessary to investigate the frequency of such suffer-
ing in students to understand when and where support is
needed at school.

In the present study, we developed and administered
a scale to assess the frequency of suffering due to sen-
sory differences in daily experiences, especially in uni-
versity life for students. We studied university students
to investigate their subjective suffering at school due to
sensory differences using self-report measures. Further-
more, we tested whether there is a higher internalization
of problems with (1) the higher the autistic traits, (2) the
higher the sensory differences, and also (3) the suffering
due to sensory differences in Japanese female univer-
sity students. To investigate the last aspect, we created a
hypothetical model that autistic traits affect sensory dif-
ferences and sensory differences affects the internaliza-
tion of problems indirectly through an suffering due to
sensory differences.

Methods

Participants

This investigation was included in a health survey con-
ducted at Ochanomizu University, a women’s university
in Japan. A series of paper-and-pencil questionnaires was
distributed to approximately 2000 female university stu-
dents during their classes, and 346, aged 18-47 (mean
age=20.75, SD=2.54), completed them; the question-
naires could be completed at any time and were sub-
mitted to collection boxes. Subsequently, 114 of these
participants (age 18-37, mean=20.19, SD=1.90) also
completed another paper-and-pencil series, including
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the Adult/Adolescent Sensory Profile (AASP), during
other classes. We conducted analyses of these partici-
pants related to the AASP. Neither series of question-
naires included any questions regarding diagnosis of ASD
or other developmental disorders. Participation in the
survey was voluntary. Each participant provided writ-
ten informed consent prior to survey participation. This
study was approved by the ethics committee of Ochano-
mizu University and conducted in accordance with the
Declaration of Helsinki.

Measures

(1) Autistic traits: We used the Japanese version of
the short autism spectrum quotient (AQ-10) to
measure autistic traits. Allison and colleagues [28]
selected 10 items from the original AQ with the
greatest discriminatory power and developed the
AQ-10. The AQ-10 has adequate validity to meas-
ure autistic traits within the general population
[29]. We extract these 10 items from the Japanese
version of AQ [30]. It is then scored on a four-point
Likert scale and is converted to a binary format
(1=definitely agree, 2=slightly agree, 3 =slightly
disagree, 4 =definitely disagree). Higher scores
indicated stronger autistic traits, and the total score
of the 10 items was used to indicate the degree of
autistic traits. The Cronbach’s alpha was 0.69.

(2) Sensory differences: AASP is a 60-item self-report
questionnaire measuring responses to sensory
experiences in daily life [31]. Hagiwara and col-
leagues [32] developed the Japanese version of
AASP and demonstrated its reliability and valid-
ity to be adequate. Participants were instructed to
indicate the frequency of their responses to sensory
experiences on a five-point Likert scale (1 =almost
never, 2=seldom, 3=occasionally, 4=frequently,
5=almost always). Higher scores indicated greater
sensory differences. The scores were grouped into
four quadrants, each of which included 15 items:
Low Registration, Sensation Seeking, Sensory Sen-
sitivity, and Sensation Avoiding. The Cronbach’s
alphas in the current study were 0.74 for Low Regis-
tration, 0.61 for Sensation Seeking, 0.75 for Sensory
Sensitivity, and 0.77 for Sensation Avoiding.

(3) Suffering due to sensory differences in university:
We developed seven items in order to measure the
suffering in university life resulting from sensory
differences described in the AASP. For example, the
statement “I cannot concentrate on the unsteady
or fast moving visual images I see in class” was
developed from “I am bothered by unsteady or fast
moving visual images in movies or TV” included
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in Sensory Sensitivity. Responses were scored on
a four-point Likert scale (0=not applicable/I do
not suffer, 1=1I suffer a little, 2=1I suffer, 3=1I suf-
fer a great deal). Although the AASP measures the
response frequency to sensory experiences, the
scale we developed was intended to assess the sub-
jective suffering that a person experiences (i.e., the
extent to which they perceive suffering from a sen-
sory experience). All items were developed from the
items included in the Low Registration (2 items),
Sensory Sensitivity (3 items), and Sensation Avoid-
ing (2 items) subscales of the AASP. Sensation Seek-
ing in the AASP is constructed by items that seem
not to cause suffering, such as ‘I like to wear color-
ful clothing, and include few items that could cause
suffering in university life. Therefore, we did not
include these items. Higher scores indicate greater
suffering due to sensory differences in university.
The questionnaire and its descriptive statistics can
be found in Additional File 1.

(4) Internalizing problems: The Japanese version of
the Strength and Difficulties Questionnaire (SDQ)
for those aged 18 and over is a 25-item self-report
questionnaire [33, 34]. Each of five subscales
includes five items. We used 2 subscales, emo-
tional symptoms and peer problems to measure the
internalization of problems. In this study, the total
score of the 10 items was used as the score indicat-
ing the intensity of internalizing problems. These
subscales are often used to measure internalizing
problems, and there is theoretical and preliminary
empirical support for combining emotional symp-
toms and peer problems into an internalizing sub-
scale, especially in low-risk samples [35]. This com-
bined subscale has higher validity and reliability
than the emotional symptoms and peer problems
subscales [35]. It is scored on a three-point Likert
scale (0=not true, 1 =somewhat true, 2 = certainly
true), with higher scores indicating a greater inter-
nalization of problems. The Cronbach’s alpha in the
current study was 0.68.

Statistical analysis
We explored the factor structure of the questionnaire on
suffering due to sensory differences at university using
confirmatory factor analysis (CFA) and examined the
internal consistency of the scale. Furthermore, the fre-
quency and proportion of each statement regarding suf-
fering due to sensory differences were calculated.
Correlation coefficients were calculated among autistic
traits, sensory differences, suffering due to sensory dif-
ferences, and internalizing problems. We used the false
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discovery rate (FDR) correction for multiple correlation
testing [36]. Path analysis was used to estimate direct and
indirect paths between these variables. We also tested the
mediating effects of suffering due to sensory symptoms
using 10,000 bootstrap samples in path analysis [37].

The levels of fit in the CFA and path analysis were
assessed using several indices. Although non-significant
x> values provide some evidence of acceptable model
fit, the chi-square index is inadequate as a stand-alone
fit index [38]. Therefore, we also examined several other
indices. The goodness-of-fit index (GFI), adjusted good-
ness-of-fit index (AGFI), and comparative fit index (CFI)
are typically used to indicate a good fit of the model to
the data, with values around 0.95 or higher [39]. Root
mean square error of approximation (RMSEA) values
lower than 0.08 indicate an acceptable fit [40].

Data analysis was performed using SPSS 25.0 and
Amos 25.0 (IBM Corp., Armonk, New York). The dataset
for this analysis is available in the Additional File 3.

Results

First, we performed CFA to examine the factor structure
of the seven items related to suffering due to sensory dif-
ferences at university. Because this scale was developed
from the items included in the Low Registration, Sen-
sory Sensitivity, and Sensation Avoiding subscales of the
AASP, we predicted that the fit of a model that assumes
three factors related to each quadrant would be a good
fit. Each latent variable consists of two or three indica-
tors. Five students with missing data were excluded from
the CFA, and leaving 341 students ultimately included
in this analysis. The results of CFA are shown in Fig. 1.
Although the model provided a significant x* value (X
(11)=28.20, p=0.00), other indices indicated an accept-
able fit for the data (GFI=0.98, AGFI=0.95, CFI=0.97,
RMSEA =0.07). The Cronbach’s alphas were 0.78 for
suffering due to Low Registration, 0.44 for Sensory

Fig. 1 The results of CFA of suffering due to sensory differences. The
model provided an acceptable fit to the data (x.” (11)=28.20, p=.00,
GFl=.98, AGFI =95, CFI=.97, RMSEA = .07)
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Sensitivity, and 0.41 for Sensation Avoiding. Therefore,
the total scores for the items of each factor were used in
the analysis as a score indicating suffering due to each
sensory differences quadrant.

The frequency and proportion of each statement
regarding suffering due to sensory differences among stu-
dents (n=346) were calculated. As a result, the degree
of suffering for some items was high, while for others,
it was low (the percentages of students who selected
from “I suffer a little” to “I suffer a great deal” for each
item ranged from 24.6 to 49.4%). For example, “It is dis-
tressing to be in a crowded classroom or school cafete-
ria because I do not like to get too close to others” had a
relatively high degree of difficulty; 26.88% of the partici-
pants selected “I suffer a little,” 13.87% selected “I suffer;
and 8.09% selected “I suffer a great deal” For the state-
ment “Sometimes I can’t catch what the teacher says dur-
ing the class,” 32.08% of the participants selected “I suffer
a little) 11.40% selected “I suffer; and 3.51% selected “I
suffer a great deal” In other words, about 50% of the par-
ticipants selected responses ranging from “I suffer a lit-
tle” to “I suffer a great deal” for these items. On the other
hand, for the statement “I am distracted if there is a lot of
noise around, such as in a crowded school cafeteria or in
a large classroom before class,” 73.70% of the participants
selected “not applicable” or “I do not suffer; and few stu-
dents reported suffering.

Next, the correlation coefficients were calculated
between autistic traits, the four quadrants in the AASP,
and internalizing problems (Table 1). The following
analyses included 114 students who completed all of
the questionnaires, including the AASP. Low Registra-
tion, Sensory Sensitivity, and Sensation Avoiding were
significantly correlated with each other and with inter-
nalizing problems. However, Sensation Seeking did not
significantly correlate with Sensory Sensitivity, Sensa-
tion Avoiding, or internalizing problems. Autistic traits
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were only significantly correlated with Low Registra-
tion among the four quadrants of the AASP. They also
showed a trend toward correlation with Sensation Avoid-
ing. In contrast, Sensation Seeking and Sensory Sensitiv-
ity did not correlate with autistic traits. These sensory
differences were not included in the following analyses
because this study aimed to investigate the relationship
between internalizing problems and sensory differences
related to autistic traits.

Therefore, the total score for Low Registration and
Sensation Avoiding was employed as an index, indicat-
ing sensory differences related to ASD. This index was
significantly correlated with autistic traits and internaliz-
ing problems, and its internal consistency was sufficiently
high (Cronbach’s alpha=0.82). These sensory differences
were presumed to cause suffering due to Low Registra-
tion and Sensation Avoiding. Hence, the total score for
suffering due to Low Registration and Sensation Avoid-
ing was employed as an index indicating suffering due
to sensory differences related to ASD. This index had a
Cronbach’s alpha of 0.64 and was significantly correlated
with autistic traits and internalizing problems. The corre-
lations among the variables are presented in Table 2.

Because this study only used self-report measures,
these relationships are vulnerable to correlation infla-
tion due to common method variance (CMV). Therefore,
we used the marker variable technique to control for
the effects of CMV [41]. Lindell and Whitney [41] pro-
posed using the following equations to calculate a CMV-
adjusted correlation, ry; 5, and its ¢-statistic:

ryim = (ryi—rs)/(1—rs)

tstatistic = ry;ur/ \/Kl—r%ﬁM)/(n—B»)}

ry; is the observed correlation suspected of being
contaminated by CMV, and r; is the smallest observed

Table 1 Correlations between autistic traits, sensory differences and internalizing problems

Sensory differences

1 2 3 4 5
r p r p r p r p r p
1. Autistic traits
Sensory differences
2. Low registration 0.25 0.015
3. Sensory seeking -0.13 0.215 0.23 0.022
4. Sensory sensitivity 0.16 0.135 047 <0.001 0.07 0514
5. Sensation avoiding 0.19 0.070 40 <0.001 -0.05 0.657 0.72 <0.001
6. Internalizing problems 0.23 0.022 36 <0.001 -0.02 0.797 0.46 <0.001 0.39 <0.001

n = 114; p-values corrected for false discovery rate
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Table 2 Correlations between age, autistic traits, sensory differences, suffering due to sensory differences, and internalizing problems

1 2 3 4
M SD r p r p r p r p

Age 2019 1.90
Autistic traits (10-40) 2417  3.85 FDR adjusted —006 0602

CMV adjusted
Sensory differences related to ASD (30-150) 6835 13.09  FDR adjusted —0.18 0101 026 0015

CMV adjusted 020 0.035
Suffering due to sensory differences related 242 222 FDR adjusted  0.01 0882 022 0033 050 <0.001
to ASD (0-21) CMV adjusted 016 0098 046 <0.001
Internalizing problems (0-20) 11.74 355 FDR adjusted —0.13 0220 023 0025 044 <0001 037 <0.001

CMV adjusted 017 0066 040 <0001 032 <0001
n=114
correlation between the substantive variables and the o s

marker variable that is chosen a priori and is expected
to be theoretically unrelated to at least one substantive
variable. However, if an a priori marker variable is not
included, investigators can use the smallest positive cor-
relation in the dataset as an estimate of r,.

In this study, we used the smallest positive correla-
tion as a marker variable for all of the variables used in
Tables 1 and 2, excepting age. The CMV-adjusted cor-
relation variables and p-values are presented in Table 2.
After adjusting for CMV, correlations between autistic
traits and sensory differences and among sensory differ-
ences, suffering, and internalizing problems remained
significant. However, correlations between autistic traits
and suffering and between autistic traits and internaliz-
ing problems were not significant n=144.

Path analysis was then used to estimate the direct and
indirect paths between autistic traits, sensory differences,
suffering due to sensory differences related to ASD, and
internalizing problems. In the path analysis, 105 partici-
pants with no missing values were included in the analy-
sis. The score of the sensory differences related to ASD
was used as the score indicating the sensory differences,
and the score of suffering due to sensory differences
related to ASD were used as a score indicating suffering
due to sensory differences. The results of the path analy-
sis are shown in Fig. 2. The path analysis model provided
a good fit to the data (x* (2)=2.57, p=0.28, GFI=0.99,
AGFI=0.94, CFI=0.99, RMSEA =0.05). This result indi-
cates that the greater the suffering due to sensory differ-
ences is, the greater the internalization of problems in
those who score higher on sensory differences related
to ASD. We further examined whether suffering due to
sensory differences mediated the effect of sensory dif-
ferences on internalizing problems. The indirect effect
(0.11) was smaller than the direct effect (0.33). However,

Suffering due to
sensory differences
related to ASD

R?= .07

Sensory differences
related to ASD

Fig. 2 Structural model of autistic traits, sensory differences, suffering
due to sensory differences, and internalizing problems. The model
provided a good fit to the data (x° (2) =2.57, p=.28, GFl= 99,

AGFI = .94, CFI=.99, RMSEA = 05). 'p<.05, "p<.01, " p<.001

Autistic traits Internalizing problems

the 95% confidence interval of the indirect effect based
on 10,000 bootstrap samples ranged from 0.02 to 0.25,
suggesting that the indirect effect was significant.

Discussion

In this study, we developed a scale to measure suffering
due to sensory differences and investigated the relation-
ship among autistic traits, sensory differences, suffering
due to sensory differences, and internalizing problems.
Only Low Registration and Sensation Avoiding were cor-
related with autistic traits, and they also correlated with
suffering due to sensory differences and internalizing
problems. Path analysis revealed that suffering due to
sensory differences related to ASD significantly mediated
the relationship between sensory differences related to
ASD and internalizing problems.

Some studies have reported that many individuals with
ASD showed particularly Low Registration and Sensation
Avoiding [14, 19]. This study also indicated that autistic
traits were significantly positively correlated with the
total score of Low Registration and Sensation Avoiding
in healthy individuals. Since some studies have indicated
that sensory differences are related to other developmen-
tal disorders and other mental disorders [42—-44], it is also
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necessary to investigate the relationship between sensory
differences and conditions other than ASD.

There was a significant positive correlation between
autistic traits and internalizing problems, which is con-
sistent with previous studies on the general popula-
tion [4, 8]. This result supported the hypothesis that the
higher the indication of autistic traits, the greater the
internalization of problems.

Regarding the relationship between sensory differences
and internalizing problems, previous studies using the
AASP showed that total score was associated with anxi-
ety [20], and that there were correlations between the
total score of Sensory Sensitivity and Sensation Avoid-
ing, and anxiety, as well as between Low Registration
and symptoms of depression in adolescents [45]. We also
found significant positive correlations between internal-
izing problems and Low Registration, Sensory Sensitiv-
ity, and Sensation Avoiding. Our result coincides with
the study of Pfeiffer and colleagues [45], where Sensa-
tion Seeking was not highly correlated with internaliz-
ing problems. Because in the AASP, Sensation Seeking
included few items that asked about experiences that are
likely to cause suffering in daily life, that our study found
no correlation between Sensation Seeking and internal-
izing problems was expected. Hence, our hypothesis (i.e.,
the higher the sensory differences, the higher the inter-
nalization of problems) was supported for Low Registra-
tion, Sensory Sensitivity, and Sensation Avoiding.

The results of path analysis indicated that the higher
the suffering due to sensory differences, the greater the
internalization of problems is in those who scored high
on Low Registration and Sensation Avoiding. Previous
studies have indicated that sensory differences correlate
with internalizing problems in the general population
[20, 21] but have not revealed the relationship between
suffering due to sensory differences and these variables.
However, this study indicates that suffering due to sen-
sory differences significantly mediates the relationship
between sensory differences and internalizing problems.
As the hypothesis was supported, the higher the suffer-
ing due to sensory differences is, the greater the internali-
zation of problems, consisting of emotional symptoms
and peer problems. Therefore, suffering due to sensory
differences is related to anxiety and depression. Moreo-
ver, students who experience suffering may have diffi-
culty building a relationship with their peers at university
because they have difficulty following the classes. As
previously mentioned, suffering due to sensory differ-
ences can create obstacles when taking classes, causing
stress at university. However, the teaching staff and fellow
students at the university may not notice this suffering
in class participants. At present, there is little individ-
ual support and class styles are diverse. Therefore, it is
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necessary to determine and provide adequate support for
such students.

In this study, we have shown that university students
can need support when they have suffering due to sen-
sory differences. Because there were significant positive
correlations between internalizing problems and Low
Registration, Sensory Sensitivity, and Sensation Avoiding
in this study, supports can be needed for suffering related
especially to these quadrants. Regarding Sensory Sensi-
tivity, there was no significant correlation with autistic
traits, but it was significantly correlated with internal-
izing problems. Therefore, regardless of the degree of
autistic traits, all female university students with high
Sensory Sensitivity score may need support. For people
with a high Sensory Sensitivity score, concentration can
be sustained by providing support strategies such as a
reduction in sensory stimulation, incorporating active
content to aid concentration, making plans beforehand,
and taking a rest [31]. Therefore, students may improve
their concentration in class by reducing unnecessary sen-
sory stimulation while increasing speaking opportunities
and group discussion.

The total score for Low Registration and Sensation
Avoiding significantly correlated with autistic traits. In
addition, the greater the suffering due to sensory differ-
ences was, the greater the internalization of problems in
those who showed these sensory differences. According
to Brown and Dunn [31], for people with a high score for
Low Registration, it is useful support to use visual and
auditory cues to sharpen and increase the intensity of
important stimuli, and to slow their presentation speed.
On the other hand, for people with a high Sensation
Avoiding score, it is useful support to reduce unneces-
sary sensory stimulation, to take a rest, to avoid crowds,
find a quiet place, and maintain consistency [31]. There-
fore, especially for female university students with strong
autistic traits, it would be useful to offer small classes,
emphasize important stimuli, and maintain a predictable
and consistent environment. If it is difficult to change the
overall form of the class, individual support according to
their suffering maybe useful. For example, to allow them
to record the class or attend online. Hence, it is impor-
tant for faculty members to devise ways to proceed with
classes and provide individual support to female univer-
sity students, especially those with strong autistic traits.
These measures may reduce the suffering due to sensory
differences in university and partially mitigate internaliz-
ing problems.

Furthermore, the present study suggests that suffering
due to sensory differences positively correlate with inter-
nalizing problems. Therefore, university students with
serious suffering due to sensory differences may need
support for managing their suffering and internalizing
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problems elicited by them. Above all, it may be necessary
to provide support where responses to items in the ques-
tionnaire revealed a relatively high degree of suffering.
For example, positive responses to “Sometimes I cannot
catch what the teacher says during the class” and “It is
distressing to be in a crowded classroom or school caf-
eteria because I do not like to get too close to others” are
useful warnings. On the other hand, the need for support
for female university students may be low for items where
students report little suffering. However, the assessment
of suffering due to sensory differences are based on the
AASP, which uses items related to sensory abnormali-
ties that are common in ASD individuals but rarely seen
in general population. Therefore, further research on
females with ASD is needed because ASD students may
suffer even for items where many students reported little
or no suffering in this study.

The current study has four limitations to note. First,
the sample was limited. Although it is significant that
we investigated female university students in the general
population for this study, it is necessary to conduct an
investigation of male university students and determine if
there are gender differences. In addition, it is also neces-
sary to study the general population across a wider range
of age groups. Second, there were few items in the ques-
tionnaire relating to suffering due to sensory differences
at university. We will be able to determine more meth-
ods for supporting students by developing more items
and analyzing their responses. Furthermore, although we
developed the suffering scale based on the AASP and did
not include the items in the Sensation Seeking subscale,
some items in Sensation Seeking, such as “Seeks all kinds
of movement and this interferes with daily routines (for
example, can't sit still, fidgets)” in the original SP, may
indicate sensory experiences that induce suffering. Fur-
ther studies including items of Sensation Seeking and
in more varied situations are needed. We also need to
standardize this questionnaire in relation to suffering due
to sensory differences because we could not sufficiently
confirm its reliability and validity in this study. Third,
because this study was cross-sectional, it is necessary to
conduct a longitudinal study to discover and investigate
the causal relationships between each variable. Fourth,
the Cronbach’s alphas of the AQ-10, some subscales
of suffering due to sensory differences, and internaliz-
ing problems measured by the SDQ in this study were
not sufficiently high. A previous study reported that the
Cronbach’s alpha for AQ-10 was 0.72 in the clinical group
and 0.45 in the control groups [46]. The Cronbach’s alpha
in our study was 0.69, which may be because our study
was conducted with healthy individuals. Further research
using more reliable measures, such as the AQ-50, are
necessary. Regarding suffering, all subscales included
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two or three items. More items related to suffering due to
sensory differences need to be developed. Moreover, fur-
ther research should be conducted with individuals who
have higher sensory differences because few participants
suffered from some items included in the suffering scale.
Regarding SDQ, the validation study for the internalizing
subscale on the SDQ reported that the Cronbach’s alpha
of internalizing problems was 0.66 in the self-reported
SDQ and that it indicates better internal reliability than
the subscales covering emotional symptoms and peer
problems [35]. The Cronbach’s alpha of internalizing
problems in our study was 0.68, indicating some degree
of reliability. Moreover, further research using more
detailed scales is needed to investigate how suffering
due to sensory differences relates to anxiety, depression,
and peer problems because the SDQ measures relatively
broad internalizing problems.

Further research of the general population could reveal
sensory differences for factors other than autistic traits,
and the resultant suffering. Additionally, this could help
design support systems for people with high sensory dif-
ferences in school and elsewhere, enabling them to lead a
better life.

Conclusions

This study for the first time showed that suffering due
to sensory differences mediate the relationship between
sensory differences and internalizing problems. Autistic
traits were correlated with Low Registration and Sensa-
tion Avoiding, and the higher the suffering due to sen-
sory differences was, the greater the internalization of
problems in those who scored high on these indicators.
Suffering from sensory differences can form obstacles in
classes, which induces stress at the university. Therefore,
it is necessary to develop and provide adequate support
to students who suffer from sensory differences.
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