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Abstract

Background: When confronting typographical errors in sentences, we guess what the writer intends to say.
This process requires us to have the ability to understand the context of sentences. The aim of this study was
to examine whether the ability of detecting typographical errors in sentences might be different among
participants with or without autistic tendencies. Furthermore, we analyzed the accuracy rates of the task to
reveal the characteristics of participants with autistic tendencies.

Method: Thirty-two Japanese adolescents participated in this study (13 men and 19 women). By using a
typographical error detection task (5 paragraphs containing Japanese sentences of 100-150 characters
including mistyped words) and psychological questionnaires (the autism—spectrum quotient), we scored the
degree of autistic tendencies and the ability of the subjects to detect typographical errors in paragraphs.
Results: Our results showed that there was no relationship between autistic tendencies and the detection of
typographical errors in paragraphs, suggesting that a person with autistic tendencies may not have any trouble
in understanding the context in paragraphs. However, among 23 typographical errors used, 1 typographical
error word, which could be read less uncomfortably from the viewpoint of a broad context, was significantly
associated with autistic tendencies.

Conclusions: These results showed for the first time that people with autistic tendencies can detect
typographical errors without being affected by their context. This finding provides the possibility of creating a

task that can predict accurately the autistic tendencies of a person.
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Introduction

In this information society, we mainly gain our necessary information through electronic devices such as e-
mails or reports on web sites. However, the content of e-mails and articles may include typographical errors
that make it difficult to understand the contents. The Japanese language utilizes various kinds of scripts such
as Kanji, Kana, and the English alphabet (Romaji). Japanese people tend to make typographical errors
particularly with respect to Kanji, because Kanji has many homonyms.! When a reader encounters a mistyped
word, a variety of responses may result, e.g., the intended context may or may not be properly understood
and a mistyped word may or may not be detected. To carry out smooth communication with electronic devices,
it is necessary for us to pass through a process of correcting the mistyped words according to the assumed
context and to reply in accordance with the corrected context.

Pervasive developmental disorders (PDDs) were regarded as one of the developmental disorders in the
Diagnostic and Statistical Manual of Mental Disorders, fourth edition, published by the American Psychiatric
Association in 2000.2 Subsequently, in the recent fifth edition appearing in 2014, PDDs were reorganized into
a new disorder called autism spectrum disorder (ASD), which integrates 4 separate disorders—autism,
Asperger’s disorder, childhood disintegrative disorder, and pervasive developmental disorder—into one with
spectra of symptom severity.® ASD is characterized by having abnormality or disability in sociability and
cooperativeness, which traits are important for communication with other people.*>® Happé and Frith (2006)’
showed that visual processing by people with ASD is weaker compared with that by normal people. However,
the study just cited did not use visual information stimuli with a linguistic context such as character information.
When we are required to read sentences such as an e-mail through an electronic device and to understand the
content, we must perform both visual processing and contextual processing of the character information. In
this case, we assumed that different characteristics may be seen between normal people and people with ASD.
For example, when normal people read Japanese sentences quickly, they might tend to read them with a wide
scope of scrutiny, with the result that they might pay attention to the context of the sentence rather than
notice mistyped words.

The purpose of this present study was to elucidate the correlation between an individual’s ability to detect
typographical errors and his or her autistic tendencies such as sociability and cooperativeness. We focused on
the individual’s autistic tendencies and his or her responses to typographical errors. We chose normal people
whose native language is Japanese as participants. By using psychological questionnaires, the degree of autistic
tendencies of the participants was evaluated. Subsequently, by having the subjects perform typographical

error detection tasks, we examined their ability to detect typographical errors.
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Methods
Participants

Thirty-two adolescents of the University of Tsukuba participated in this study (13 men and 19 women,
average age: 22.03 £ 3.16). All participants were native speakers of Japanese. This study was approved by the

Ethics Committee of the University of Tsukuba, Japan.

Typographical error detection task

Five paragraphs, each containing Japanese sentences comprising 100—150 characters including mistyped
words, were prepared as a task (Table 1). In this task, we used homonym such as “kyushu” or a word that was
not commonly used as a word, such as “tsuyuzora.” Other factors were not considered. Four or 5 mistyped
words were included per paragraph. One-time detection of a mistyped word was scored as 1 point. The
presentation of this task to the participants was based on the method described by Fukuda and Uchiyama
(2015)3.

Questionnaire

We used the autism—spectrum quotient (AQ) as a questionnaire to evaluate cooperativeness.>® The AQ
comprises 50 questions covering 5 different areas that are characteristic of the symptoms of ASD (social skill,
attention switching, local details, communication, imagination). In the group of adults with Asperger’s disorder
or high-functioning autism, this score will be higher compared with the control group of adults randomly
selected.®® For answering the 50 questions, we prepared 4 answers, “definitely agree — slightly agree — slightly
disagree — definitely disagree!” The responses of “definitely agree” or “slightly agree” to the questions
represent autistic tendencies and were scored as 1 point. The responses of “definitely disagree” or “slightly

disagree” to the questions do not represent autistic tendencies and were also scored as 1 point.>*°

Procedure

The total time spent per a given experiment was approximately 30 minutes. The experiment consisted of
the following 2 phases: typographical error detection task phase and questionnaire phase. In the former phase,
the participants were encouraged to discover mistyped words in the text of the typographical detection task
within the stated time limit. Each task was provided to them as a sheet of A4 paper, with a blank sheet
sandwiched between them. The response time for each task was 20 seconds, during which the participants
were able to read the text freely. Participants were instructed to make a circle with a ballpoint pen around any
word with a typographical error. In the questionnaire phase, participants answered the AQ following the
typographical detection task. We did not set a time limit for answering this questionnaire. The obtained results
were evaluated by using Ward’s method for hierarchical cluster analyses, Fisher’s exact test, the Benjamini—

Hochberg procedure for cluster analyses, and the Mann—Whitney U test.
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Results

There was no significant correlation between the AQ scores and the scores of the typographical error
detection task (r = 0.13, n = 32, not significant). Next, the participants were divided into 3 clusters of groups
(Clusters A, B, and C) by the scores of the 5 different areas in the AQ (social skill, attention switching, local
details, communication, imagination) through hierarchical cluster analyses. The average AQ scores of each
Cluster in each AQ area were calculated and are shown in Fig. 1. For each typographical detection task, we
showed the numbers of participants who gave correct or wrong answers and the accuracy rates in Table 2.
Next, we selected the mistyped words of which the accuracy rate was less than 60%. Then, we determined
whether the rate for the participants who gave correct or wrong answers would be different among the 3
Clusters. As a result, the rate for those who did not notice “omoi,” which can be translated literally as
“heaviness” as a typographical error of “omoi,” which can be translated literally as “mind,” was significantly
different between Clusters A and B (Table 3). Namely, the accuracy rate for this word was high in Cluster A, but
low in Cluster B.

Furthermore, we classified all participants into 2 groups according to their answer for “omoi,” i.e. the correct
answer group and the wrong answer group. We found that the AQ scores were significantly higher for the
correct answer group (p = 0.014; Fig. 2A). We also examined the AQ scores in each area in the same way and
found that the AQ scores in the areas of social skill and communication were significantly higher in the correct

answer group (p = 0.006 and 0.017, respectively; Fig. 2B).

Discussion

The present study provides new insights into the cognitive characteristics associated with autistic tendencies,
particularly in the domain of language processing and contextual integration. Contrary to the common
assumption that individuals with autistic traits experience difficulties in comprehending broader contextual
information, our findings showed no significant correlation between typographical error detection task scores
and AQ scores. This suggests that individuals with autistic tendencies may not have notable difficulty in
understanding the context in written paragraphs, at least under the conditions of the current task.

This result aligns with previous research indicating that children with ASD can integrate context while
reading ambiguous sentences.! Taken together, it appears challenging to directly apply the typographical error
detection task used in this study as a general evaluation tool for autistic tendencies.

However, an important nuance emerged: a specific mistyped word ("omoi") showed a significant association
with autistic tendencies. Participants who correctly detected the error in "omoi" tended to have higher AQ
scores, particularly in the areas of social skills and communication. Notably, in the paragraph where "omoi"
was embedded, the mistyped word ("heaviness") could be interpreted as contextually appropriate within the
theme of a movie director’s emotional involvement, making the error less conspicuous without detailed word-
level scrutiny.

Previous studies have suggested that individuals with ASD exhibit stronger word recognition skills relative
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to reading comprehension!? and show a heightened ability to detect details that others may overlook.>°
Therefore, it is plausible that participants with higher autistic tendencies prioritized local word-level accuracy
over holistic contextual understanding, allowing them to detect the subtle anomaly in "omoi" more readily
than participants with lower autistic tendencies.

Importantly, when designing the typographical error detection task for this study, we did not explicitly
consider the semantic relationships between mistyped words and their surrounding context. The findings
regarding "omoi" suggest that semantic congruence plays a crucial role in how errors are perceived, and that
individuals with autistic traits may be more sensitive to subtle discrepancies in word choice even when broader
context allows for a seemingly coherent interpretation.

These results hold important theoretical and practical implications. Theoretically, they contribute to a more
refined understanding of contextual processing in individuals with autistic tendencies, particularly the balance
between local and global information processing. Practically, they open the possibility of developing
specialized typographical error detection tasks that could serve as sensitive tools for predicting autistic traits.
If we intentionally create tasks containing contextually less obvious mistyped words, accuracy rates on such
tasks might offer a novel interdisciplinary method for screening autistic tendencies.

Nevertheless, several limitations should be acknowledged. The sample size was relatively small and
restricted to Japanese adolescents, which may limit the generalizability of the findings. Furthermore, only short
paragraphs were used in the task; future studies should explore whether similar patterns emerge in longer or
more semantically complex texts. Expanding the scope of linguistic complexity and systematically manipulating
contextual ambiguity could provide deeper insights into the cognitive styles associated with autistic traits.

In conclusion, while individuals with autistic tendencies do not appear to have substantial difficulties in
contextual understanding when detecting typographical errors, they may exhibit enhanced sensitivity to word-
level anomalies that are less apparent within a broader context. This study highlights a promising new direction
for assessing autistic tendencies through detailed analysis of error detection behavior, bridging cognitive

psychology and autism research.
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Figure 1
Average scores for 5 different areas of the AQ obtained for the 3 Cluster groups. The bars represent average

scores + SEM, and the number of participants is shown in parentheses.
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Figure 2

Comparison between 2 groups in which the participants could detect the word “omoi” as being correct or not.
(A) The bars represent average AQ scores + SEM in each group. The number of participants is shown in
parentheses. *p < 0.05. (B) The bars represent average scores of 5 areas of the AQ + SEM in each group. The

number of  participants is shown in  parentheses. **p < 0.01, *p < 0.05.
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Table 1. Typographical error detection tasks conducted in this study

Paragraph#1

Original task (Japanese) #1

HEIT2ENICT -2 ) LR2WESTL 2 5. HAER#HA L\ (L)
it TEEZE (W) O L I5REL . SESHEMLITME (&
B hooB»BotERPRNARET. EF B) LERERS
<. A ELEL<RVEI T RPRECFRLT EE =
AR

Enghsh translation #1 for reference

It will be eloudy tomorrow. The sky will be dewy (overcast) from
the Southern Tohoku Region to the Absorption (Kyushu) Region
Warm and moist air will flow from the resistant wind (tmhoon)
around 8th August. The fundamental tone (temperature) will be
high. Become lieutenant for (Be careful of) heat stroke.

English alphabet #1 for reference

Asu ha zenkokuteki ni sukkirishinai tenki desho. Tohokunambu kara
kyvushu (kvushuw) ni kakete tsuyuzora (tsuyuzora) no tsuzuku tokoro ga
okw 8 nichi goro kara ha taifu (taifu) kara no atatakaku shimetta kuki
ga nagarekomi masu. Kion (Kion) to shitsudo ga takaku, kanari
mushiatsuku nariso desu Netchusho ni chuishite (chuishite) kudasai.

Paragraph#2

Original task (Japanese) #2

AROE—0FETHS. KBRFoikit &FE) 0P ThhEE GEF
B) wheEL. @5 RTHE (BB TRCTHL . KEROTT
HRIZELIVEROEFTHY. AEISHELEI L 0ohSE— DR
AngE (£ TbH5. ARARCESTRLLH. _hilE EE
LT (EELT) WHOTEREL, KEREEEHLEZLOTHS.

Enghsh translation#2 for reference

The moon is the only satellite of the earth. It is the fifth edition
(fifth) largest among the solar system’s infinity (satellites), and is
the second brightest following the duwrability (sun). It is the
closest to the Earth in the solar system, and i1s also the only point
army (astronomical object) that humankind has already reached.
It seems to shine white, but it does not ferment (illuminate) by
itself. It reflects sunlight.

English alphabet #2 for reference

Tsuki ha chikyu no yuiitsu no eisei (gisei) de aru Taiyokei no eisei no
naka de 5bamme (3bamme) ni okiku, chikyu kara mite taive (taivo) ni
tsulde akarw. Talyekel no naka de chikyu m mottomo chikal shizen no
tentai de ari, jinrui ga totatsushita koto no aru yuiitsu no chikyugai no
tentai (tentai) demo aru. Tsuki ha hakushoku ni hikatte mieru ga, kore
ha mizukara hakkoshite (hakkoshite) iru no deha naku, taiyoko o
hansha shita mono de aru.

Paragraph#3

Original task (Japanese) #3

BAE R TR HEE T S oA F . REEORESRS SNIEEE (X
EHE T EESERICADEEN (B ZELSESET BT
Sl BHEHLTDWoLER (B 2ERTLES. BEOESZ LY
WD LN TE SO, BEEAT GUHD) |ITTa 2 Lain
ERERLTEEEASESAS.

English translation #3 for reference

Ilike to watch movies at amovie theater. WhenI wear (watch) to
feel the movie director’s heaviness (mind) incorporated into the
film with a stand screen (large screen) of a movie theater, T often
lose myself and forget the letter space (time) T waste Because
there is nothing to worry about unexpected (other than) movies,
we can get a deeper impression of the movie.

English alphabet #3 for reference

Eigakan de eiga o kansho suru no ga sukida. Eigakan no rinjokan
afureru daigamen (daigamen) de, kantoku ga sakuhin ni kometa omoi
(omoi) 0 kanji nagara mite (mite) iru to, bottoshite tsuitsui jikan (jikan)
o wasurete shimau Figa no kando o yori fukaku ajiwau koto ga dekiru
no ha, eiga igaini (igaini) kinisuru koto ga nai kukan dakara da to ieru
daro.

Paragraph#4

Original task (Japanese) #4

FEIIEFICERSAM THS. HOoRLIEThSIELF LAY BREER

2 (BER) FTEed. . E. 58, wEa Y. ARodik
(Eszfl) ICITRESEERAR (WEFFER) Lf7-T (FE-T) b

VR, e gRicAvEh Ty .

English translation #4 for reference

Soybeans are very good food. Proteins contained in soybeans are
hopeful (rich) enough to be referred to as a meat of the field.
Furthermore, we may go out (zay) that soybeans are rejectable
(indispensable) for Japanese food differentiation (food culture)
because they used for various foods such as soy sauce, miso, tofu
and natto.

English alphabet #4 for reference

Daizu ha hijyoni yushuna shokuzai de aru Hatake no niku to yobareru
hodo tampakushitsu ga hofuna (hofuna) dake deha naku, shoyu miso,
tofi, natto nado. nihon no shokubunka (shokubumka) niha daizu ga
hitsuyo-fukaketsu (hitsuyo-fukaketsu) to itte (itte) mo ii hodo ni,
sam azamana shokuhin ni mochii rarete iru

Paragraph#5

Original task (Japanese) #5

HEEEHERS L, LORRLBEEOQIIEFRIBFEL TV, Kt
BRzEE->T (k-0 Wik >, FAERFERL (ZEL) T
VW DLBEET Ve TERAENT (ERAEID) Fr5RBERECL
DIZEEL (FfML) Lo E B2 8D TS,

English translation #5 for reference

When I looked at my wristwatch, it showed noon although it was
passed the sunset It seemed to stav (stop) before I knew it It’s
too much bother to sympathize with (replace) batteries. I am
thinking of moving carefully (getting) a solar power watch that
can be used anti-permanently (semi-permanently).

English alphabet #5 for reference

Futo udedokei o miru to, mo nichibotsu mo sugita noni shogomae o
sashite ita. Kizukanu ma ni tomatte (tomatte) ita yoda. Mata denchi o
kokanshi (kokanshi) ni iku no mo mendo de, isso han-eikyutekin (han-
eikyutekini) tsukaeru taiyokohatsuden no mono ni shinchoshi
(shinehoshi) yo ka tomo kangaehajimete iru.

Correct words are shown in parentheses (not shownin the actual task).
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Table 3. Accuracy rates of the 6 selected mistyped words in each Cluster.

tsuyuzora omor itte hitsuyo—fukaketsu  shokubunka han—-eikyutekini
Cluster A (n=15) 6/15 (40.0%) 12/15 (80.0%) 3/15 (20.0%) 7/15 (46.7%) 9/15 (60.0%) 7/15 (46.7%)
Cluster B (n=9) 4/9 (44.4%) 1/9 (11.1%) * 3/9 (33.3%) 1/9 (11.1%) 7/9 (77.8%) 5/9 (55.6%)
Cluster C (n=8) 3/8 (37.5%) 3/8 (37.5%) 1/8 (12.5%) 3/8 (37.5%) 2/8 (25.0%) 7/8 (87.5%)

% indicates the accuracy rate
#The accuracy rate of “omo/” in Cluster B was siginificantly lower than in Cluster A (o < 0.01).
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