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Abstract

Background: Autism is characterised by atypical social-communicative behaviour and restricted range of interests
and repetitive behaviours. These features exist in a continuum in the general population. Behavioural measures
validated across cultures and languages are required to quantify the dimensional traits of autism in these social and
non-social domains. Bengali is the seventh most spoken language in the world. However, there is a serious dearth
of data on standard measures of autism-related social and visual cognition in Bengali.

Methods: Bengali translations of two measures related to social-communicative functioning (the Children’s Reading
the Mind in the Eyes Test (RMET) and a facial emotion recognition test with stimuli taken from the Karolinska
Directed Emotional Faces database), one measure of visual perceptual disembedding (the Embedded Figures
Test), and a questionnaire measure (the Children’s Empathy Quotient) were tested in 25 children with autism
spectrum conditions (ASC) and 26 control children (mean age = 10.7 years) in Kolkata, India. Group differences
were analysed by t test and multiple regression (after accounting for potential effects of gender, IQ, and age).

Results: Behavioural and trait measures were associated with group differences in the expected directions:
ASC children scored lower on the Children’s Empathy Quotient and the RMET, as well as on facial emotion
recognition, but were faster and more accurate on the Embedded Figures Test. Distributional properties of
these measures within groups are similar to those reported in Western countries.

Conclusions: These results provide an empirical demonstration of cross-cultural generalisability and applicability of
these standard behavioural and trait measures related to autism, in a major world language.

Keywords: Autism, Theory of mind, Central coherence, Perceptual construal, Assessment, Behaviour, Translation,
Validity, India, Bengali

Background
The atypicalities in social interaction, restricted range of
interests or repetitive behaviour, and sensory perceptual
dysmodulation that define and characterise autism [1]
are expressed in varied degrees in different individuals,
making the broad phenotype of autism a spectrum of
conditions. DSM-5 accordingly proposes the replace-
ment of the single disorder in favour of the autism
spectrum concept, indicating differing grades of severity
of one single diagnosis [1].

Autism spectrum conditions (ASC) can be identified
as early as 18 months of age [2], and numerous psycho-
logical screening and diagnostic tests have been devel-
oped to identify ASC. Most of the screening tests
include self-report or parent-report questionnaires, while
diagnostic measures tend to involve observation within a
semi-structured clinical interview setting. The standard
screening and diagnostic tools have been developed in
English, which often poses a drawback for countries
where English is not the primary language. Autism re-
search in South Asia suffers from a lack of availability of
well-characterised tasks and questionnaires in local lan-
guages, and culture-specific norms. There are some tools
that capture neurodevelopmental conditions in India but
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none are specific to autism. Data on the validity of stan-
dardised questionnaires relevant to autism are vital in
order to establish a common toolkit for global research
and to build research capacity in low-resource settings.
In a recent paper, we have taken a first step in this direc-
tion by characterising and validating translated versions
of standard screening and diagnostic tools for autism
(specifically, the Social Communication Disorder Check-
list (SCDC), Social Communication Questionnaire (SCQ),
Autism Spectrum Quotient (AQ), and the Autism Diag-
nostic Observation Schedule (ADOS)) [3].
Behavioural/performance measures constitute the next

step in this sequence to characterise the autistic pheno-
type. These involve direct participation of the individual
under study and so complement questionnaire- or
interview-based measures. The data from these tasks
tend to be continuously distributed, which make them
good candidates for the proposed dimensional approach
of studying psychopathology using the Research Domain
Criteria (RDoC) framework [4], across categorical diag-
nostic boundaries.
The specific measures of interest in this study relate to

core domains in which atypicalities have been observed
in ASC, namely social-emotional function and percep-
tual/low-level sensory function.
The Reading the Mind in the Eyes Test (RMET) is one

of the best validated measures of emotion recognition
from limited facial cues (eye region only) and is associ-
ated with deficits in autism [5]. While it has been trans-
lated into several languages worldwide, no data are
available on this task in South Asia. The original task
was developed for adult participants [6], but a modified
version adapted for children has shown similar group
differences between autism and neurotypicals [5]. Sev-
eral of the emotions depicted in the RMET are complex
and can be associated with cultural differences in recog-
nition. Thus, it is vital to test the cultural generalisability
of the data obtained from this task. The second task re-
lated to social-emotional function is a basic emotion rec-
ognition task using stimuli from the Karolinska Directed
Emotional Faces (KDEF) database [7]. A version of this
task has been used in adults and shown to be associated
with clear differences between individuals with and with-
out ASC [8]. While cultural differences in this task are
not expected due to near-universality of basic emotion
expressions, all stimuli in this task are faces of white
Caucasian actors. Emotion recognition is influenced by
the ethnicity of the stimuli [9, 10] (but can be robust to
some differences [11], especially given cultural exposure
[12]), and hence, it is of particular interest to test chil-
dren with and without ASC from a non-white ethnic
background with limited exposure to other ethnicities
on this task. The third measure related to social-
emotional functioning is the child version of the

Empathy Quotient (EQ-C), which has been associated
with robust group differences between children with and
without ASC [9]. EQ-C has been translated to five lan-
guages in Europe and America, but the lack of availabil-
ity of this instrument in any South Asian language limits
its comparability and generalisability.
To measure an aspect of sensory perceptual functioning,

we administered the Embedded Figures Test (EFT) [10], a
measure of perceptual disembedding or, equivalently, field
independence or level of construal. Individuals with ASC
perform faster and more accurately than matched controls
in this task [11–14]. Cultural differences in visual percep-
tual tasks have been noted in both autism spectrum [15]
and typical [16, 17–21] populations and are reflected in
cognitive neurophysiology [22, 23]. The aim of the current
study was thus to translate into Bengali this battery of four
measures related to key autism symptom domains and to
characterise them in a sample of children from Kolkata,
India, with and without ASC. Bengali is spoken by more
than 193 million people as a first or second language
around the world, with the majority of speakers in India
and Bangladesh (www.ethnologue.com). Characterising
these tools in India can indicate the degree to which the
behavioural profile of children with or without autism is
similar or variable across languages and cultures and will
create a vital resource for future research in autism in
low-resource settings of South Asia.

Methods
Translation
Translators who were bilingual (fluent in English and
Bengali) with expertise in autism were identified and
approached and explained the nature of the study.
Translation was followed by blind back-translation into
English by individuals fluent in English and Bengali. This
back-translated English version was then matched with
the original English version by two bilingual expert
raters (AR and BC). This procedure was iterated until
rater consensus was reached regarding the usability of
the back-translated Bengali version.

Participants
Twenty-five ASC children aged 9 to 11 years were re-
cruited from multiple clinics in Kolkata. All of them had
a certified diagnosis of an autism spectrum disorder
(Asperger syndrome or high-functioning autism) using
DSM-IV TR criteria from a recognised clinician and
confirmed by a clinician-administered ADOS. Further-
more, all ASC children scored above 76 on the Autism
Spectrum Quotient: Children’s Version (AQ-C). A score
of 76 or above on AQ-C is indicative of ASD [24] and
thus provided a further confirmation of the diagnostic
status. All ASC children attended schools or special edu-
cation centres that cater to students from middle or
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low-middle socio-economic status (SES). Control chil-
dren were recruited from two mainstream schools: a co-
educational school with children of low-middle SES and
a girls’ school with children of middle SES (see Table 1
for demographics). The choice of these schools was gov-
erned by the prior familiarity of the experimenter. The
inclusion criterion for cases was a confirmed diagnosis
of ASC, while that for the controls was the absence of
any mental health condition, as reported by the parents.
Both groups were matched for gender. However, the lim-
ited availability of high-functioning autism cases in this
age group who were willing to take part in research did
not allow us to match the two groups for age or
intelligence quotient (IQ).

Tools
The EQ-C, a short parent-report questionnaire compris-
ing 27 items [9], is intended to measure how easily one
can pick up on other people’s feelings and how strongly
one is affected by them. Children scoring less than 30
show difficulties in identifying and/or responding appro-
priately to others’ emotions. For the EQ-C, a ‘slightly
agree’ or ‘slightly disagree’ response endorsing an em-
pathic trait or behaviour scores one point, ‘definitely
agree’ or ‘definitely disagree’ endorsing an empathic trait
or behaviour scores two points, and all responses not
endorsing empathic behaviour score zero. The max-
imum possible score is 54. The EQ-C has shown high
test–retest reliability, with an intra-class correlation co-
efficient of 0.86, (p < 0.001) [9].
The AQ-C was administered solely to confirm the

clinical diagnosis of the ASC participants. The AQ-C is
a parent-report questionnaire comprising 50 questions
quantifying autistic traits in 4- to 11-year-olds. Children
with ASC score high on the AQ-C as compared to typic-
ally developing children [24]. The translated and vali-
dated version of the AQ-C in Bengali was used for this
study [3]. The EQ-C and AQ-C were filled in by the par-
ents of the children selected for the study.
Three behavioural measures were applied:

1. The RMET-Child [5] comprises 28 images of the eye
region of the face, each representing a mental state.
Each picture is flanked by four words as candidate
labels for the depicted emotion. The participant has
to indicate the correct answer by pointing. During

the process of iterative translation/back-translation,
a few of the option words were translated into short
phrases (rather than single words) to allow for easy
understanding in everyday language. A direct
dictionary-based translation from English in such
cases would often result in complex words that
are not typically used. In order to make the test
materials as closely matched to those used world-
wide, no stimulus was discarded from the RMET.
The RMET stimuli contain just the eye region
and not the entire face and are presented in black
and white—which can potentially reduce the impact
of the ethnicity-related differences that influence
emotion perception.

2. The KDEF database, developed in 1998 by Daniel
Lundqvist and colleagues in Stockholm (http://
www.emotionlab.se/resources/kdef), consists of
photographs of facial expressions of basic emotions.
In the task based on these stimuli, participants
choose amongst seven basic emotion words written
below each picture (happy, sad, angry, surprised,
disgusted, afraid, and neutral). An online version of
this task demonstrates differences in performance
between individuals with and without ASC [8]. Both
the RMET-Child and the KDEF were printed on
A4-sized laminated paper. Twenty-eight faces from
the KDEF database (4 faces for each of 7 emotions)
were selected. The KDEF stimuli were presented in
black and white for reasons described above.
Before beginning the KDEF and RMET-C tests, the
children were provided with a glossary containing all
the words/phrases in Bengali. They were asked to fa-
miliarise themselves with the words and were given
explanations where necessary. The pictures for the
RMET-Child and the KDEF were shown to the chil-
dren one by one. Participants were told to identify
the emotion and to say or point to the correct an-
swer with either their index finger or a pen as they
preferred. No time limit was imposed.

3. The standard child Embedded Figures Test (EFT)
[10] consists of pictures of complex shapes, each of
which contains a target simple shape. Twenty-five
EFT images were printed and laminated on photo-
graphic paper. A fixed set of simple patterns was
shown and explained prior to the test. The experi-
menter first showed the complex design for 15 s,
asking the participants to describe it, then revealed
the simple shape for 10 s. Then the complex design
was presented again and a stopwatch started imme-
diately. The participant was told to look for the sim-
ple shape in the complex figure and to trace its lines
with their finger or a pencil. Each child was given
1 min to identify and to trace the simple pattern and
the response time was noted (as soon as the tracing

Table 1 Participant demographics

Participant Gender Number Mean age (s.d.) Mean verbal IQ (s.d.)

ASC Male 20 11.56 (1.84) 87.8 (2.1)

Female 5 11.60 (2.21) 88.4 (1.9)

Control Male 21 9.89 (0.96) 102.0 (4.6)

Female 5 10.01 (1.3) 95.8 (1.6)

Rudra et al. Molecular Autism  (2016) 7:50 Page 3 of 8

http://www.emotionlab.se/resources/kdef
http://www.emotionlab.se/resources/kdef


was completed). The designs were presented in a
fixed order, beginning with a practice item followed
by the 25 test items. Subjects were encouraged with
positive comments if they failed to identify in the first
minute. A wrong answer or a ‘pass’ by the participant
was taken as an indicator to move on to the next
image. The instructions were given in simple
Bengali sentences. Responses were recorded by
the experimenter and coded for accuracy (if the
correct shape was traced). Reaction time was
noted using a stopwatch.

All subjects were tested either in their homes or in a
quiet room in the clinic or special school. All data were
collected in 2013–2014.
Since compliance with a lengthy testing regimen

would have been difficult for many subjects with autism
(the total administration time for Malin’s Intelligence
Scale for Children (MISIC) is 2.5 h on average), only the
verbal subtests of MISIC, the Indian adaptation of the
Wechsler Intelligence Scale for Children [25], were ad-
ministered prior to the experiment.
All the tests were administered in person in less than

2 h. Parents of both cases and controls were adminis-
tered the paper versions of the EQ-C and AQ-C.

Analysis
Mean scores of the cases and controls were calcu-
lated for each tool, separately for each gender. Sim-
ple effects of group were assayed by t test. In light
of significant deviations from normal distribution,
Spearman’s correlation coefficients were calculated
between all measurements. Multiple regression for
each of the dependent measures tested effects of
group, gender, age, and verbal IQ.

Results
Twenty-five ASC children and 26 controls participated.
Of the ASC participants, 25.5% attended special schools,

23.5% inclusive schools, and the rest attended special
education centres. All control children attended main-
stream schools. Mean age for the ASC group was
11.57 (S.D. = 1.8), for the control group 9.92 (S.D. =
1.1). The range of IQ scores for the controls and
cases was between 80 and 120. The mean verbal IQ
for cases was 87.9 (S.D. = 2.04) and for controls was
100.8 (S.D. = 4.8). Cases and controls were gender
matched (Table 1).
Table 2 shows the mean scores obtained by cases and

controls on AQ, EQ, KDEF, and the Child Eyes test and
the accuracy-adjusted response time on the Child-EFT
(CEFT), separately for each gender. All ASC participants
and none of the controls scored above the cut-off of 76
on AQ-C. ASC and control groups differed highly sig-
nificantly (p < 0.001) on all measures (data presented in
Table 3). Figure 1 shows the distribution of scores re-
ceived on all the measures.

Correlations between measurements
Spearman’s rank order correlation was computed as the
data were not normally distributed. Across the whole
sample, the scores on the EQ-C were negatively corre-
lated with that on the AQ-C (Spearman’s rho = −0.776,
p < 0.001). The EQ-C scores significantly positively cor-
related with the total accuracy score for the KDEF
(Spearman’s rho = 0.780) and the RMET-Child (Spearman’s
rho = 0.829), both p < 0.001.
Within the control group, EQ-C scores correlated

negatively with AQ-C (Spearman’s rho = −0.397, p =
0.045) and positively with total accuracy for the KDEF
(Spearman’s rho = 0.411, p = 0.037). RMET correlated
with EQ-C scores (Spearman’s rho = 0.224, p = 0.272).
Within the ASC group, EQ-C was not significantly

correlated with the AQ-C (Spearman’s rho = 0.271, p
= 0.190), the KDEF (Spearman’s rho = −0.273, p =
0.186), or the RMET-Child (Spearman’s rho = 0.354,
p = 0.083).

Table 2 Mean scores obtained by cases and controls on AQ, EQ, KDEF, RMET-Child, and the accuracy-adjusted response time on
CEFT according to gender

Behavioural measures ASC Control

Male Female Male Female

Mean S.D. Mean S.D. Mean S.D. Mean S.D.

Accuracy (Child Eyes test) 0.09 0.03 0.12 0.03 0.58 0.15 0.68 0.1

Accuracy (KDEF) 0.38 0.07 0.41 0.09 0.82 0.12 0.81 0.05

Accuracy (CEFT) 0.78 0.04 0.78 0.04 0.76 0.02 0.75 0.01

Accuracy-adjusted response time (CEFT) 688.23 79.21 683.17 34 973.09 50.4 985.6 53.2

Child-AQ score 85.30 7.6 87.8 5.02 39.67 7.9 39 6.9

Child-EQ score 11.35 2.3 13.40 2.3 46.62 1.9 46.6 0.9

Accuracy is calculated as the total number of correct responses divided by the total number of items. Accuracy-adjusted response time is calculated as
the reaction time for a correct response, divided by accuracy
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Multiple regression analysis with gender, age, and IQ as
predictors
As the groups differed in IQ and age, a multiple re-
gression analysis was carried out (Table 4). This analysis
showed a significant effect of group for each of the
measures after accounting for potential effects of age
and IQ (RMET-C accuracy scores: β = 0.956 p < 0.001;
CEFT accuracy-adjusted reaction time scores: β = 0.958,
p < 0.001; KDEF accuracy scores: β = 0.870, p < 0.001; EQ-
C: β = 0.955, p < 0.001). There was no significant inter-
action between group*verbal IQ, group*age, or age*verbal
IQ. To avoid common confounds associated with
ANCOVA [26, 27], these analyses were re-run without in-
cluding IQ and age in the model. No significant changes
in the test statistics were observed.

Discussion
We tested Bengali translations of four trait and behav-
ioural measures related to autism in a sample of children
in Kolkata, India. The measures pertaining to socio-
emotional functioning include two behavioural tests:
complex facial emotion recognition using the ‘Reading
the Mind in the Eyes Test’-Child Version (RMET-C) and
a basic facial emotion recognition task using stimuli
from the Karolinska Directed Emotional Faces (KDEF)
database. The trait measure related to social cognition
was the Children’s Empathy Quotient (EQ-C) [9]. The
behavioural test related to sensory perceptual function-
ing was the Child-EFT. All of these tools showed group
differences between ASC and controls in the expected
direction, similar to those in the original reports. These

Table 3 Group mean scores on each measure and t test statistics for the comparison between cases and controls

Cognitive measures Mean (S.D.) t test Effect size Cohen’s d

ASC Control

RMET-C (accuracy) 0.09 (0.04) 0.6 (0.15) 16.5*** 4.6

KDEF (accuracy) 0.39 (0.07) 0.82 (0.11) 16.3*** 4.7

CEFT (RT for correct responses) 687.26 (71.9) 975.49 (50.11) 16.7*** 4.7

Child-AQ 85.8 (7.14) 39.54 (7.5) 22.4*** 6.3

Child-EQ 11.76 (2.4) 46.62 (1.7) 60.01*** 16.8

***Denotes significance at p < 0.001

Fig. 1 The top panels (a–c) show the distribution of raw scores for AQ, EQ, and KDEF for cases and controls. The bottom panels (d, e) show the
distribution of raw scores for RMET-C and CEFT for cases and controls
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results thus provide evidence for generalisability for
these tools and suggest their usability for research in
people speaking Bengali (>193 million).
Children with ASC responded significantly less accur-

ately in RMET-C scores compared to the control chil-
dren. Notably, the maximum number of correct answers
obtained by ASC participants was 4 out of 29. This is
not significantly higher than chance [5]. In contrast, the
controls in our study had an accuracy of 60%, similar to
that reported in the original study in the same age range
[5]. Similar to the Persian version [28], and in conform-
ity with a sign test of published studies of the original
English and translated RMET versions in which no
study’s male mean RMET score exceeded its female
mean RMET score [29], females scored higher than
males on the RMET. The low verbal IQ in the ASC
group in our sample may account for the low accuracy
in the RMET-C: the ASC group may have found it diffi-
cult to identify complex verbal phrases defining emo-
tions. In contrast to the RMET-C, the emotion words in
the basic emotion recognition task are simpler, and
hence, the ASC group performed comparatively better
on this task than on the RMET-C.
It is known that people from East Asia, who are more

often studied than South Asian populations, are more
prone than are North Americans to explain behaviour
using social contexts rather than individuals’ internal
states [30, 31]. Furthermore, RMET scores of people born
in East Asia are lower than those of people born in North
America [32], reinforcing the result that attention to con-
text impairs the detail-orientated analysis necessary to rec-
ognise social and other visual information from still
pictures [33]. At least a portion of the difference in RMET
scores between languages and cultures may stem not from
artefacts of languages and translations but actually from
real differences in the ways in which visual attention is al-
located within social (and non-social) scenes. In this re-
gard, differences in psychological distance and associated
level of construal [34] might describe not only cognitive
and perceptual differences associated with short-term so-
cial psychological manipulations but also long-term effects
of culture and biological and cultural effects associated
with sex and gender [35].
Similar to the RMET-C, the KDEF task accuracy dif-

fered significantly between the ASC and control groups

(Table 2). This result is similar to those previously re-
ported by Sucksmith et al. [8] in an adult sample. Most
ASC children were able to recognise the ‘happy’ emotion
more accurately than negative emotions, as has been
previously observed in adults [36]. Similar to this study,
deficits in emotion recognition have also been seen be-
tween ASC and controls on negative basic emotions in a
study by Ashwin et al. on male adults [37]. However, it
is possible that this observed lack of differences for rec-
ognition of non-negative emotions is driven by the in-
clusion of just one positive emotion (happy) in the set of
emotions tested. The similarity of our results with those
obtained in Caucasian samples suggests that the emotion
recognition performance, and group differences thereof
as seen in ASC, are relatively unaffected by the ethnicity
of the actors.
On the EQ-C, ASC children scored considerably lower

than the control sample (ASC mean score = 11.76, con-
trol mean score = 46.62) (see Table 2). These scores are
comparable to those reported in the original British sam-
ple (ASC 13.97, S.D. 6.82; controls 37.7, S.D. 9.81) [13].
The observed pattern of sex differences in the scores for
both cases and controls also replicated those reported in
the original report.
EQ-C scores showed the expected pattern of correla-

tions in the whole sample, i.e. low EQ-C scorers were
less accurate in identifying emotions on the KDEF and
the RMET-C. A positive correlation between EQ-C and
RMET-C has been previously noted in a study of 6- to
9-year-old children [38]. Total EQ-C scores were signifi-
cantly negatively correlated with the total AQ-C scores
for the whole sample. EQ-C scores in controls were sig-
nificantly negatively correlated to AQ-C, also replicating
previous results in adults [6]. Interestingly, however, this
pattern of correlations was not observed within the ASC
group. This lack of covariation could reflect the limited
variation within this group of higher-functioning children
with ASC.
In contrast to measures of emotion recognition and

empathy, tasks of sensory perceptual function have often
been associated with an advantage in individuals with
ASC [39, 40]. On the EFT, ASC children are typically
faster in detecting simple patterns in complex figures
[13]. As predicted, the total response time for ASC chil-
dren on the CEFT was lower than that for controls,

Table 4 Multiple regression analysis to test the effect of effect of group, gender, age, and verbal IQ on all measures

Predictors RMET-C total accuracy score KDEF total accuracy score CEFT total response time for correct responses Child-AQ Child-EQ

β p β p β p β p β p

Group 0.956 <0.001 0.870 <0.001 0.958 <0.001 0.904 <0.001 0.955 <0.001

Gender 0.091 0.128 0.025 0.683 0.003 0.964 0.007 0.877 0.027 0.112

Age 0.009 0.894 0.044 0.512 0.088 0.178 0.017 0.328 0.037 0.053

Verbal IQ 0.035 0.772 0.082 0.508 0.091 0.447 0.049 0.600 0.689 0.494
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replicating previous results [41, 42]. However, there was
no significant difference in the total mean accuracy score
between cases and controls, again replicating previous
results [12].
Limited resources precluded confirmation of clinical

diagnoses by a psychiatrist or with an additional research
ADOS administration. However, all the ASC participants
had certified diagnostic reports based on DSM-IV (TR)/
ICD-10 from recognised clinicians and had a suprathres-
hold score on the AQ-C. A second limitation is that
time constraints precluded measurement of full-scale
IQ, which was instead estimated by adding 6% to the
verbal test quotients as suggested in the MISIC manual
[25]. Third, the verbal component of two of the tasks
(KDEF and RMET-C) meant that we could only test
high-functioning verbal ASD children. Future studies
should develop tasks that can be used in children with a
wide range of verbal abilities, including nonverbal chil-
dren with ASC. Finally, since the participant pool was
drawn from mainstream and special schools that serve a
largely middle SES urban population, it is difficult to ex-
trapolate these results to the extreme low end of SES or
to rural populations. Future studies should attempt to
address these limitations by more complete phenotyping
in larger, more representative samples.

Conclusions
We translated and tested three behavioural measures
and one trait measure related to various aspects of autistic
cognition in Bengali-speaking children in Kolkata, India.
We find strong evidence of cultural generalisability for
these tools, as well as for group differences between ASC
and controls. These results provide the first evidence for
the usability of these tools in a major regional language of
South Asia and constitute a vital step to standardise meas-
urement of autism-related symptomatology globally.

Abbreviations
AQ-C: Autism Spectrum Quotient: Children’s Version; ASC: Autism spectrum
conditions; EFT: Embedded Figures Test; EQ-C: Children’s Empathy Quotient;
IQ: Intelligence quotient; KDEF: Karolinska Directed Emotional Faces
(database); SES: Socio-economic status

Acknowledgements
The authors thank Patricia Riddell, Merry Barua, Nidhi Singhal, and Shaneel
Mukerji for their valuable input. AR was supported by the Felix foundation.
BC was supported by the Medical Research Council UK. MKB was supported
by a Fulbright-Nehru Senior Research Fellowship from the United States–
India Educational Foundation, funded by the governments of India and the
USA.

Availability of data and materials
All translated tools can be found by emailing the main corresponding
author.

Authors’ contributions
AR and BC designed the study. AR collected and analysed the data. JRR and
TL provided clinical guidance. AR, MKB, and BC wrote the paper. All authors
revised the manuscript for critical intellectual content and approved the final
version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable

Ethics approval and consent to participate
Ethics approval was obtained from the ethics board of the Mental Health
Foundation (Kolkata), and all parents provided informed consent. Information
sheets and consent forms were provided in accordance with the guidelines
of the Mental Health Foundation (Kolkata).

Author details
1School of Psychology and Clinical Language Sciences, University of Reading,
Reading, UK. 2Ben Gurion University of the Negev, Beer-Sheva, Israel. 3Mental
Health Foundation, Kolkata, India. 4The Com DEALL Trust, Bangalore, India.
5Nottingham Trent University, Nottingham, UK.

Received: 10 April 2016 Accepted: 8 November 2016

References
1. American Psychiatric Association. Diagnostic and Statistical Manual of

Mental Disorders (5th ed.). Arlington: American Psychiatric Publishing; 2013.
2. Baird G, Charman T, Baron-Cohen S, Cox A, Swettenham J, Wheelwright S,

et al. A screening instrument for autism at 18 months of age: a 6-year
follow-up study. J Am Acad Child Adolesc Psychiatry. 2000;39:694–702.

3. Rudra A, Banerjee S, Singhal N, Barua M, Mukerji S, Chakrabarti B. Translation
and usability of autism screening and diagnostic tools for autism spectrum
conditions in India: translation of autism screening tools in India. Autism
Res. 2014;7:598–607.

4. Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, et al. Research
Domain Criteria (RDoC): toward a new classification framework for research
on mental disorders. Am J Psychiatry. 2010;167:748–51.

5. Baron-Cohen S, Wheelwright S, Spong A, Scahill V, Lawson J. Are intuitive
physics and intuitive psychology independent? A test with children with
Asperger syndrome. J Dev Learn Disord. 2001;5:47–78.

6. Baron-Cohen S, Wheelwright S. The empathy quotient: an investigation of
adults with Asperger syndrome or high functioning autism, and normal sex
differences. J Autism Dev Disord. 2004;34:163–75.

7. Lundqvist D, Flykt A, Öhman A. The Karolinska Directed Emotional Faces - KDEF,
CD ROM from Department of Clinical Neuroscience, Psychology section, Karolinska
Institutet, ISBN 91-630-7164-9. http://www.emotionlab.se/resources/kdef.

8. Sucksmith E, Allison C, Baron-Cohen S, Chakrabarti B, Hoekstra RA. Empathy
and emotion recognition in people with autism, first-degree relatives, and
controls. Neuropsychologia. 2013;51:98–105.

9. Lee K-U, Khang HS, Kim K-T, Kim Y-J, Kweon Y-S, Shin Y-W, et al. Distinct
processing of facial emotion of own-race versus other-race. Neuroreport.
2008;19:1021–5.

10. Hu CS, Wang Q, Han T, Weare E, Fu G. Differential emotion attribution to
neutral faces of own and other races. Cogn Emot. 2017;32(2):360–368.

11. Hejmadi A, Davidson RJ, Rozin P. Exploring Hindu Indian emotion
expressions: evidence for accurate recognition by Americans and Indians.
Psychol Sci. 2000;11:183–7.

12. Elfenbein HA, Ambady N. When familiarity breeds accuracy: cultural
exposure and facial emotion recognition. J Pers Soc Psychol. 2003;85:276.

13. Auyeung B, Wheelwright S, Allison C, Atkinson M, Samarawickrema N,
Baron-Cohen S. The children’s Empathy Quotient and Systemizing Quotient:
sex differences in typical development and in autism spectrum conditions.
J Autism Dev Disord. 2009;39:1509–21.

14. Shah A, Frith U. An islet of ability in autistic children: a research note.
J Child Psychol Psychiatry. 1983;24:613–20.

15. Koh HC, Milne E. Evidence for a cultural influence on field-independence in
autism spectrum disorder. J Autism Dev Disord. 2012;42:181–90.

16. Witkin HA, Oltman PK, Raskin E, Karp SA. Embedded figures test, children’s
embedded figures test, group embedded figures test: manual. Palo Alto:
Consulting Psychologists Press; 1971.

17. Richardson BS, Chan HL, Lee A, Teo ST. The Müller-Lyer illusion: a cross-cultural
study in Singapore. Ergonomics. 1972;15:293–8.

18. Segall MH, Campbell DT, Herskovits MJ. Cultural differences in the
perception of geometric illusions. Science. 1963;139:769–71.

Rudra et al. Molecular Autism  (2016) 7:50 Page 7 of 8

http://www.emotionlab.se/resources/kdef


19. Nisbett RE, Miyamoto Y. The influence of culture: holistic versus analytic
perception. Trends Cogn Sci. 2005;9:467–73.

20. Cantrell L, Kuwabara M, Smith LB. Set size and culture influence children’s
attention to number. J Exp Child Psychol. 2015;131:19–37.

21. Kuwabara M, Smith LB. Cultural differences in visual object recognition in
3-year-old children. J Exp Child Psychol. 2016;147:22–38.

22. Goh JO, Park DC. Culture sculpts the perceptual brain. Prog Brain Res. 2009;
178:95–111.

23. Gutchess AH, Welsh RC, Boduroĝlu A, Park DC. Cultural differences in neural
function associated with object processing. Cogn Affect Behav Neurosci.
2006;6:102–9.

24. Auyeung B, Baron-Cohen S, Wheelwright S, Allison C. The Autism Spectrum
Quotient: Children’s Version (AQ-Child). J Autism Dev Disord. 2008;38:1230–40.

25. Malin AJ. Malin Intelligence Scale for Indian Children. Indian J Mental Retard.
1971;4:15–25.

26. Miller GA, Chapman JP. Misunderstanding analysis of covariance. J Abnorm
Psychol. 2001;110:40.

27. Mayers A. Introduction to statistics and SPSS in psychology. London: Pearson
Education limited; 2013.

28. Khorashad BS, Baron-Cohen S, Roshan GM, Kazemian M, Khazai L, Aghili Z,
Afkhamizadeh M. The “Reading the Mind in the Eyes” test: investigation of
psychometric properties and test–retest reliability of the persian version.
J Autism Dev Disord. 2015;45(9):2651–2666.

29. Vellante M, Baron-Cohen S, Melis M, Marrone M, Petretto DR, Masala C, et al.
The “Reading the Mind in the Eyes” test: systematic review of psychometric
properties and a validation study in Italy. Cognit Neuropsychiatry. 2013;18:
326–54.

30. Morris MW, Peng K. Culture and cause: American and Chinese attributions
for social and physical events. J Pers Soc Psychol. 1994;67:949.

31. Nisbett RE, Peng K, Choi I, Norenzayan A. Culture and systems of thought:
holistic versus analytic cognition. Psychol Rev. 2001;108:291–310.

32. Prevost M, Carrier M-E, Chowne G, Zelkowitz P, Joseph L, Gold I. The Reading the
Mind in the Eyes test: validation of a French version and exploration of cultural
variations in a multi-ethnic city. Cognit Neuropsychiatry. 2014;19:189–204.

33. Mesquita B, Tanida S, Anxin Leu J. Placing the face in context: cultural
differences in the perception of facial emotion. J Pers Soc Psychol. 2008;94:
365–81.

34. Trope Y, Liberman N. Construal-level theory of psychological distance.
Psychol Rev. 2010;117:440.

35. Belmonte MK. The autism spectrum as a source of cognitive and cultural
diversity. Ranchi Instit Neuro Psychiatry Allied Sci J. 2011;3:S46–54.

36. Calvo MG, Lundqvist D. Facial expressions of emotion (KDEF): identification
under different display-duration conditions. Behav Res Methods. 2008;40:
109–15.

37. Ashwin C, Chapman E, Colle L, Baron-Cohen S. Impaired recognition of
negative basic emotions in autism: a test of the amygdala theory. Soc
Neurosci. 2006;1:349–63.

38. Chapman E, Baron-Cohen S, Auyeung B, Knickmeyer R, Taylor K, Hackett G.
Fetal testosterone and empathy: evidence from the empathy quotient (EQ)
and the “reading the mind in the eyes” test. Soc Neurosci. 2006;1:135–48.

39. Happé F, Frith U. The weak coherence account: detail-focused cognitive
style in autism spectrum disorders. J Autism Dev Disord. 2006;36:5–25.

40. Wang L, Mottron L, Peng D, Berthiaume C, Dawson M. Local bias and local-
to-global interference without global deficit: a robust finding in autism
under various conditions of attention, exposure time, and visual angle.
Cogn Neuropsychol. 2007;24:550–74.

41. Jarrold C, Gilchrist ID, Bender A. Embedded figures detection in autism and
typical development: preliminary evidence of a double dissociation in
relationships with visual search. Dev Sci. 2005;8:344–51.

42. Jolliffe T, Baron-Cohen S. Are people with autism and Asperger syndrome
faster than normal on the Embedded Figures Test? J Child Psychol
Psychiatry. 1997;38:527–34.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Rudra et al. Molecular Autism  (2016) 7:50 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Translation
	Participants
	Tools
	Analysis

	Results
	Correlations between measurements
	Multiple regression analysis with gender, age, and IQ as predictors

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

