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Abstract
The present study examined the role of executive function in lying for children with autism spectrum disorder (ASD). The 
temptation resistance paradigm was used to elicit children’s self-protective lies and the Hide-and-seek task was used to elicit 
children’s self-benefiting lies. Results showed that children with ASD told fewer lies in the two deception tasks compared 
to children with intellectual disability (ID) and typically developing (TD) children. Furthermore, children with ASD’s lying 
were positively correlated with their working memory, but not with their theory of mind. These findings demonstrate that 
the mechanisms underlying deception for children with ASD are distinct from that of TD children.
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Introduction

Deception is a pervasive and common behaviour in typi-
cally developing (TD) children (Evans and Lee 2013; Lee 
2013), but not in children with autism spectrum disorder 
(ASD; Baron-Cohen 1992; Li et al. 2011; Russell et al. 
1991; Sodian and Frith 1992; Talwar et al. 2012; Yang et al. 
2017; Yi et al. 2014). This finding is consistent across differ-
ent deception paradigms. For example, in a zero-sum game 
where children are required to lie to an opponent about the 
location of a prize in order to win it, children with ASD 
reveal the location of the prize (i.e. tell the truth) signifi-
cantly more often than TD children (Baron-Cohen et al. 
1985; Russell et al. 1991; Yang et al. 2017; Yi et al. 2014). 
Likewise, children with ASD are poorer at maintaining lies 

they have already told compared to TD children (Li et al. 
2011; Talwar et al. 2012).

Previous research that examined why children with 
ASD tell fewer lies than TD children focused on the role of 
social cognition—specifically, theory of mind (ToM). This 
is because the literature provides two substantial pieces of 
evidence: first, children with ASD show deficits of ToM 
(Baron-Cohen et al. 1985; Gallagher and Frith 2003); sec-
ond, there is a close relationship between ToM and decep-
tion in TD children (Ding et al. 2015; Talwar and Lee 2008).

Despite this, the results from previous studies are mixed: 
some suggest that the ToM impairments in children with 
ASD can account for their greater difficulty with deception 
(e.g., Sodian and Frith 1992; Talwar et al. 2012), while oth-
ers found no relationship between ToM and lying in children 
with ASD (e.g. Baron-Cohen 1992; Li et al. 2011; Yi et al. 
2014). For instance, Sodian and Frith (1992) found that dif-
ferences in deception between TD and ASD groups were 
due to differences in ToM. Likewise, Talwar et al. (2012) 
found that ToM was positively correlated with lie-telling 
and maintainence in children with ASD. However, neither 
Yi et al. (2014) nor Li et al. (2011) found any relationship 
between performance on the false belief (i.e., ToM) task and 
on the deceptive task. These differences in findings do not 
vary systematically with the paradigms used. Talwar et al. 
(2012) and Li et al. (2011) both used the Temptation Resist-
ance Paradigm, but found opposite results. Sodian and Frith 
(1992; mentioned above) and Baren-Cohen (1992) both used 
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the Hide-and-Seek game, but only the latter concluded that 
ToM is not sufficient for lying in children with ASD. There 
may be differences in children’s nationalities, severity of 
autism, and age in prior studies, but there are no clear pat-
terns between these factors and whether the study found a 
relationship between ToM and lying in children with ASD. 
As such, the effect is not robust and the literature does not 
provide a satisfactory answer to the question of what socio-
cognitive mechanisms underlie the difference in lying behav-
iour between children with ASD and TD children.

The present study takes an alternative approach in an 
attempt to fill the gap left by inconsistent evidence from 
ToM studies; we argue that executive function plays a signifi-
cant role in explaining the difficulty that children with ASD 
face when engaging in deception. Despite existing links 
between executive function and lying in the TD population 
(Evans and Lee 2013; Talwar and Lee 2008; Williams et al. 
2017), the role of executive function in lying has been not 
been explored extensively in children with ASD. The current 
study will be the first to do so.

The Role of Executive Function in Deception

Executive function refers to a set of higher order psycho-
logical processes that are involved in goal-oriented behav-
iour (Zelazo and Müller 2002), including cognitive skills 
such as inhibitory control, planning, cognitive flexibility, 
and working memory (Diamond 2006; Testa et al. 2012). 
The literature provides empirical support for a link between 
executive function and deception in children as young as 
2.5 years of age (e.g. Carlson et al. 1998; Evans and Lee 
2013; Talwar and Lee 2008; Williams et al. 2017). For 
instance, Carlson et al. (1998) manipulated the prepotency 
of responses required on a deceptive task. In the pointing 
condition, children required high response inhibition in order 
to prevent themselves from performing a familiar action—
using a finger to point to the correct location of an object—
when deceiving. In the arrow condition, children did not 
need to exert as much inhibitory control as they used a novel 
arrow cue (without a prepotent response) to deceive instead. 
Results revealed that young TD toddlers had greater diffi-
culty deceiving compared to older TD children due to a lack 
of inhibitory control. Likewise, Talwar and Lee (2008) found 
that children who engaged in deception had significantly 
higher inhibitory control and working memory scores com-
pared to children who did not.

The aforementioned link between executive function and 
deception has a theoretical basis: first, children need to use 
their working memory to simultaneously hold both their 
own belief (i.e., reality) and another’s belief in mind. Next, 
cognitive flexibility is required to shift between the child’s 
own beliefs and that of the person they are lying to. To tell 

a successful lie, children need to exert inhibitory control 
to restrain their impulse to report the reality they believe. 
Working memory additionally helps children to remember 
that they need to report something in line with the beliefs of 
the individual whom they are lying to. Despite these existing 
links in research with the TD population, the relationship 
between executive function and deceptive behaviour has yet 
to be explored in children with ASD.

Executive Dysfunction in Children with ASD

Children with ASD have deficits of executive function (i.e., 
executive dysfunction), which are apparent as young as 
3.5 years of age (Garon et al. 2018; Hill 2004). For instance, 
the inhibitory control and cognitive flexibility skills of chil-
dren with ASD are significantly poorer than that of mental-
age-matched TD children. Deficits in these executive func-
tion skills remain present even in late childhood and up till 
a mental age of 6 years (Garon et al. 2018). However, unlike 
inhibitory control and cognitive flexibility, the working 
memory of children with ASD does not remain as severely 
impaired throughout childhood. As mental age increases, 
the difference gap in working memory scores between the 
two groups decreases (e.g., a marginally significant interac-
tion effect between mental age and group in Garon et al. 
2018). Therefore, given that (1) ASD-TD group differences 
in working memory are much smaller by the time children 
are above 4.5 years of age (Garon et al. 2018) and (2) the 
majority of children with ASD are still able to tell and main-
tain lies despite deficits in ToM (e.g. 72% of children with 
ASD and a mean mental age of 6.6 years lied in Talwar 
et al. 2012), it is possible that executive function, particu-
larly working memory, can compensate for ToM deficits in 
deception for children with ASD.

The Present Study

The current study aims to further investigate the relation-
ship between executive function and deception in children 
with ASD. We hypothesize that children with ASD rely on 
executive function, particularly working memory, to a much 
greater extent than on ToM when they engage in deception.

Such a hypothesis would explain the inconsistent correla-
tions between ToM and lying for children with ASD found in 
the literature. Prior studies that found no robust relationship 
between ToM and deception in children with ASD might 
have instead found that an unmeasured third factor, such 
as executive function, explained variance in lying behav-
iour. Furthermore, the present study’s hypothesis would 
explain why children with ASD are still able to lie despite 
having clear deficits of ToM. From a broader perspective, 
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findings will shed light on whether the mechanisms underly-
ing deception for children with ASD differ from that of TD 
children; perhaps ToM is not always necessary for deception. 
By providing a mechanistic explanation of lying in children 
with ASD, the present study hopes to go beyond the descrip-
tive differences between TD and ASD populations found in 
previous studies.

In the present study, we use two deception paradigms to 
examine deceptive behaviour in TD children, children with 
ASD, and children with intellectual disability (ID). The ID 
group serves as a clinical comparison control for the ASD 
group. Regarding the two deception paradigms, the Tempta-
tion Resistance Paradigm allows us to examine whether chil-
dren tell self-protective lies to conform to social norms, as 
well as whether they are able to maintain their lies success-
fully (Talwar and Lee 2002). In contrast, the Hide-and-Seek 
Paradigm allows us to examine whether children are able 
to tell self-benefiting lies, as well as the frequency of such 
lies (Fu et al. 2018). Both paradigms provide naturalistic 
conditions under which children may tell spontaneous lies 
without prompting from the experimenter. The paradigms 
also require minimal linguistic prowess, which is an impor-
tant condition for our target sample. In line with previous 
research (Russell et al. 1991; Sodian and Frith 1992; Talwar 
et al. 2012; Yang et al. 2017; Yi et al. 2014), we hypothesise 
that TD children would lie more than children with ASD in 
both deception paradigms.

We also examine two key cognitive abilities: ToM and 
executive function. For the latter, we measure both working 
memory (via the digit span task) and inhibitory control (via 
the day-night Stroop task) to get a more nuanced view of 
executive function. For children with ASD, we predict that 
there would be no correlation between ToM and lying, but a 
correlation between executive function and lying. This is in 
line with our hypothesis that when engaging in deception, 
children with ASD rely on executive function to a much 
greater extent than on ToM. For TD children, we predict a 
correlation between ToM and lying, as well as between EF 
and lying.

Method

Participants

We targeted to recruit 20 valid participants in each group 
(60 in total), and children from these three groups were 
matched on their verbal and non-verbal abilities. We 
recruited 30 children with ASD (M = 11.94 years, SD = 
2.08; 28 male), 23 children with ID (M = 11.58 years, SD 
= 2.24; 19 male), and 20 TD children (M = 5.06 years, SD 
= 0.42; 19 male). Children with ASD and children with 

ID were recruited from four special schools in Hangzhou, 
China. TD children were recruited from two preschools 
in the same city. Two children with ASD were excluded 
from the study because they did not complete the tasks as 
a result of sickness or unwillingness to continue partici-
pating. An additional 8 children with ASD were excluded 
because they could not pass the memory questions for the 
ToM task. Three children with ID were excluded due to 
the unmatched verbal abilities. The valid participants were 
20 children with ASD (M = 11.86 years, SD = 2.27; 19 
male), 20 children with intellectual disability (ID; M = 
11.73 years, SD = 2.51; 19 male), and 20 typically devel-
oping children (TD; M = 5.06 years, SD = 0.42; 19 male).

Participants in the three groups were matched based 
on their verbal and nonverbal ability. Children with ASD 
and children with ID were also matched on their physi-
ological age. The Chinese version of the Peabody Picture 
Vocabulary Test-Revised (PPVT-R; Sang and Liao 1990) 
was administered to determine whether the three groups 
differed on verbal ability. The Chinese version of Raven’s 
Color Progressive Matrices (CPM; Li et al. 1988) was 
administered to determine whether the three groups dif-
fered on non-verbal ability.

All children with ASD were previously diagnosed by 
specialized hospitals (i.e., Zhejiang Children’s Hospital, 
Hangzhou Seventh Hospital) and met the criteria from 
the Diagnostic and Statistical Manual of Mental Disor-
ders (4th ed.; American Psychiatric Association 2000). 
We also confirmed the diagnosis of children with ASD 
by using the Chinese version of Childhood Autism Rat-
ing Scale (CARS) developed by Schopler et al. (1980). 
Children with ASD were assessed to have mild autism 
if the CARS score was between 30 and 36. If the CARS 
score was above 36, the child was assessed to have severe 
autism. In this group, 10 children had mild autism (M = 
32.35, SD = 2.56), while the other 10 children had severe 
autism (M = 41.35, SD = 4.49).

All children with ID had also been previously diag-
nosed using diagnostic criteria for mental retardation from 
the DSM-IV (termed intellectual disability in the DSM-V; 
American Psychiatric Association 2000, 2013) by at least 
one specialized hospital. All ID children were diagnosed 
to have general mental retardation, excluding children with 
cerebral palsy and Down syndrome. None of the ID chil-
dren had been diagnosed with ASD and vice versa. None 
of the TD children had a history of academic, neurologi-
cal, or psychological problems.

The parents or legal guardians of the child participants 
gave informed consent for the children’s participation in 
our study. The children also gave their oral assent prior to 
participation.
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Procedure

All participants were tested individually in a quiet room at 
their school. All children were tested on two deception tasks, 
one false-belief understanding task, three executive func-
tioning tasks, the PPTV-R, and Raven’s Color Progressive 
Matrices. The PPVT-R and Color Progressive Matrices (for 
all children) and CARS (only for children with ASD) were 
tested first. The two lie-telling tasks were tested on separate 
days. During the interval, children were tested on the ToM 
task and executive functioning tasks. The interval between 
the two deception measurements was no more than 3 days.

Deceptive Behavior

The temptation resistance paradigm was used to investigate 
children’s self-protective lying (Bender et al. 2018; Tal-
war et al. 2002), while the Hide-and-seek task was used to 
investigate children’s self-benefiting lying (Ding et al. 2015, 
2017; Fu et al. 2018).

Temptation Resistance Paradigm Children were asked to 
play a game, in which they had to guess the identity of dif-
ferent toys based on an audio clue, with an experimenter. 
Children sat with their back to the experimenter while the 
experimenter played a sound from a toy. On hearing the 
sound, children were allowed to guess what toy they thought 
the experimenter had. On the first two trials, the audio clue 
was associated with the toy placed behind them (e.g., a dog 
was paired with a dog’s signature barking), and the children 
identified the two toys easily. On the test trial, the toy was 
associated with instrumental music so children would not 
be able to guess the identity of the toy based on the sound it 
made. Before the test trial, the experimenter explained that 
she would have to leave for a minute and would resume the 
game when she returned. Children were told not turn around 
to look at the toy when she was gone. The experimenter left 
the room for 1  min. A hidden video camera recorded the 
child’s behavior while the experimenter was absent. When 
the experimenter returned to the room, she told the child 
not to turn around and covered the toy with a sheet of cloth. 
Once the toy was covered, the child was instructed to turn 
around to face the experimenter. The child was then asked 
the self-protective lie question, “Did you turn around to look 
at the toy while I was gone?” and semantic leakage control 
questions, “What do you think the toy is?” (‘what’ question) 
and “Why do you think so?” (‘why’ question). The self-pro-
tective lie question and semantic leakage control questions 
measured self-protective lie-telling propensity (i.e., whether 
or not they lied) and ability (i.e., how well they covered up 
their lie) respectively.

Lie-telling propensity and semantic leakage control could 
only be assessed for children who peeked at the toy. For the 

self-protective lie question, a score of one was given for 
denying they had peeked. For semantic leakage control, a 
score of one was given for incorrect answers or responses 
that feigned ignorance on the ‘what’ question. If the child 
betrayed knowledge of the identity of the toy (‘what’ ques-
tion), but gave a plausible explanation to the ‘why’ ques-
tion (e.g., “I heard the music and I know Barney’s music”), 
they still received a score of one. Children received a score 
of zero if they implicated themselves for the ‘why’ ques-
tion (e.g., “I saw it”), did not attempt to answer the ques-
tion (e.g., “It’s a toy”), or gave an implausible explanation. 
Responses to the ‘why’ question were only analyzed for 
children who answered with the toy’s actual identity on the 
‘what’ question.

Hide‑and‑Seek Deception Task Children were asked to 
play “Hide-and-Seek” with an experimenter. The children 
were asked to hide a candy in one of two cups. The experi-
menter then guessed where the child had hidden the candy. 
The children were told that if the experimenter found it, the 
candy belonged to the experimenter; if the experimenter did 
not find it, the candy belonged to the child.

During the warm-up phase, the children began with a 
simple Hide-and-Seek game with the experimenter that 
involved no deception. The experimenter hid a candy in 
one of two cups and then asked the children to guess where 
the candy was. If the children guessed correctly, they were 
declared a winner and received the candy. If they guessed 
incorrectly, they were declared a loser and the experimenter 
kept the candy. For each of these three warm-up trials, we 
explained the rules of the game to the children. After this 
warm-up, the experimenter showed the children ten candies 
and rewards, such as stickers, cute erasers, or notebooks. The 
experimenter asked children to pick their favorite reward and 
told them that they could keep this reward only after they 
had won the 10 candies.

In the test phase, the children were asked to hide a candy 
in one of the two cups while the experimenter closed her 
eyes. After the children announced that they had hidden the 
candy, the experimenter opened her eyes and asked, “Which 
cup did you hide the candy in?” The experimenter always 
guessed the cup that the children indicated to have hidden 
the candy. If a child responded truthfully by indicating the 
cup where the candy was really hidden (counted as truth-
telling), the experimenter took the candy from the cup, stat-
ing, “I won! I found the candy and it’s mine. Let’s do it 
again.” If a child responded untruthfully by indicating the 
empty cup (counted as lying), the experimenter displayed 
disappointment and stated, “I lost. It is your candy now. 
Let’s do it again.”

The lying score ranged from 0 to 10. The child scored 
1 point each time they pointed to the empty cup; the child 
received 0 points if they pointed to the cup with the candy.
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Theory‑of‑Mind Understanding

To assess children’s ToM understanding (first-order false 
belief understanding), we administered one unexpected 
contents false belief task (Perner and Wimmer 1985) and 
one unexpected location false belief task (Wimmer and 
Perner 1983).

Unexpected Location False Belief Task In the unexpected 
location false belief task, the child was shown two dolls, 
a biscuit, a green cup, and a white cup. The experimenter 
performed a play for the child about two dolls, “This is 
Xiao-Hong, and this is Xiao-Lan. One day, Xiao-Hong 
has a biscuit and puts it into a green cup in a room. Then 
Xiao-Hong leaves the room for lunch. When Xiao-Hong 
is gone, Xiao-Lan comes in the room and finds the biscuit. 
Xiao-Lan is naughty, so he takes the biscuit out of the 
green cup and secretly puts it into a white cup. Xiao-Lan 
then leaves the room. After a while, Xiao-Hong comes 
back to the room and wants to look for her biscuit.”

Children were asked two memory questions at first: 
“Where is the biscuit now?” and “Where did Xiao-Hong 
put the biscuit at first?” If children answered memory 
questions correctly, the experimenter continued to the false 
belief questions; if not, the experimenter repeated the play 
until the child answered the memory questions correctly. 
There were two false belief questions:” When Xiao-Hong 
came back, which cup did she think the biscuit was in?” 
and “Where will Xiao-Hong look for the biscuit?” Chil-
dren received one point for each correct answer in false 
belief questions.

Unexpected Contents False Belief Task In this task, chil-
dren were shown a small stone wrapped in a candy wrap-
per and asked, “What do you think this is?” Thereafter, 
the experimenter unwrapped the candy wrapper to show 
that it was, in fact, a small stone. Then the experimenter 
re-wrapped the stone with the candy wrapper, and asked 
children one memory question: “Do you know what is 
inside the candy wrapper now? (Is it a candy or a stone?)” 
If children answered the question correctly, the experi-
menter continued to ask the false belief questions; if not, 
the experimenter repeated the dialogue until the child 
answered the question correctly. There were two false 
belief questions: “Before I peeled off the candy wrap-
per, what did you think was inside it?” and “Xiao-Hong 
is coming here and she has never unwrapped the candy 
wrapper before. If I ask her what she thinks this is, what 
do you think her answer will be: candy or a stone?” Chil-
dren received one point for each correct answer in false 
belief questions. The scores of theory of mind were the 
sum of false belief questions.

Executive Functioning

Children’s executive functioning was measured using the 
Counting Span task, and the Day-Night Stroop. The Count-
ing Span task measures working memory, and was adapted 
from Case et al. (1982). The Day-Night Stroop is a type 
of Stroop task that measures inhibitory control, and was 
adapted from Gerstadt et al. (1994).

Counting Span Task On this task, children were required to 
count and remember the number of red dots on a white card. 
Each card contained 2 to 5 red dots, as well as some blue and 
green dots that served as distractors (see Fig. 1).

There were three levels of this task, and each level con-
sisted of three trials. On each trial of the first level, the child 
was presented with one card. After the child had finished 
counting the number of red dots on the card, it was turned 
face down. The child was then asked to recall the number of 
red dots on the card. On each trial of the second level, the 
child saw two cards, presented one at a time. After the child 
had finished counting the number of red dots on the first 
card (e.g. 3), it was turned face down. The child was then 
presented with the second card. After the child had finished 
counting the number of red dots on the second card (e.g., 5), 
it was turned face down as well. The child was then asked to 
recall the number of red dots on each card in order (e.g., 3, 
5). The third level had three cards and the above steps were 
repeated. During the task, the experimenter asked children to 
point to red dots with their hand and count aloud. This was 
so as to prevent the child from using rehearsal as a memory 
strategy.

If the children had two consecutive errors on each level, 
the task was suspended. Children received one point for each 
trial, and the total number of correct trials (ranging from 0 
to 9) was recorded as the working memory score.

Fig. 1  An example of a card in the Counting Span task. (This card 
contains 5 red dots)
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Day‑Night Stroop There were 8 black moon cards and 8 
white sun cards. Before the task began, the experimenter 
showed the child a black moon card and instructed the 
child, “When you see this card, I want you to say ‘day’.” 
The experimenter asked the child to repeat the word “day”. 
The experimenter then removed the card, showed the white 
sun card, and instructed the child, “When you see this card, 
I want you to say ‘night’.” The experimenter asked the child 
to repeat the word “night”.

For the practice session, the experimenter showed the 
child a white sun card, but no instruction was given. If the 
child hesitated, the experimenter prompted the child by say-
ing, “What do you say for this one?” If the child responded 
correctly, the experimenter praised the child and proceeded 
to a practice trial with the black moon card. If the child 
responded correctly to the black moon card, the experi-
menter praised the child. If the child responded incorrectly 
or did not respond at all on either of these trials, the experi-
menter immediately reminded the child of the rules. Each 
child needed to answer correctly at least one white card and 
one black card so that we could ensure children had readily 
grasped what the task required.

For the formal testing session, sixteen trials were admin-
istered. Eight ‘day’ (d) cards and eight ‘night’ (n) cards were 
presented in a pseudorandom sequence: d, n, n, n, d, n, d, n, 
d, d, n, n, d, d. During these 16 test trials, no feedback was 
given to the children. The experimenter recorded children’s 
responses to every trial. Children received one point for each 
correct answer. The total number of correct trials (ranging 
from 0 to 16) was recorded as the inhibitory control score.

Analysis Plan

First, preliminary analyses using one-way ANOVAs were 
conducted to examine if there were differences in mean 
scores on cognitive measures between the three matched 
groups.

Second, group differences in deception were analysed. 
For the Temptation Resistance Paradigm, two binary logistic 
regressions were conducted with group (ASD, ID, or TD) 
as the predictor to examine if group had an effect on (1) 
whether children told a self-protective lie (0 = truth, 1 = lie), 
and (2) whether children were able to effectively maintain 
their initial lie (0 = poor semantic leakage control, 1 = good 
semantic leakage control). For the Hide and Seek Paradigm, 
Chi square tests were conducted to examine if group had an 
effect on the proportion of children who told at least one 
self-benefiting lie. A one-way ANOVA was also conducted 
to examine if the 3 groups varied on the total number of 
self-benefiting lies that they told.

Third, for each of the three groups (ASD, ID, and TD), 
correlations were conducted in order to examine the strength 
of the relationships between children’s socio-cognitive skills 

(ToM, working memory, and inhibitory control) and decep-
tion. For the ability to tell self-protective lies, semantic 
leakage control, and the ability to tell-self-benefiting lies, 
biserial correlations were used.

Results

Preliminary Analyses

Group Differences in Verbal and Nonverbal Abilities

The ASD, ID, and TD groups showed no significant differ-
ences in verbal ability on the PPVT-R, F (2, 57) = 2.037, p 
= 0.140, or in nonverbal ability on Raven’s CPM, F (2, 57) 
= 2.037, p = 0.129. (For descriptive statistics, see Table 1.)

Group Differences in ToM

A one-way ANOVA was conducted to compare the ToM 
scores of the ASD, ID, and TD groups. There was a signifi-
cant difference in ToM scores between the three mental-age-
matched groups, F (2, 57) = 17.91, p < 0.001, η2 = 0.386, ω2 
= 0.360. Tukey-adjusted post-hoc tests showed that the ToM 
scores of the ASD group were significantly lower than that 
of the TD group (p < 0.001, t = 5.931, Cohen’s d = 2.079), 
but not significantly different from that of the ID group (p = 
0.068, t = 2.271, Cohen’s d = 0.586). The ToM scores of the 
ID group were significantly lower than that of the TD group 
(p = 0.002, t = 3.659, Cohen’s d = 1.397). (For descriptive 
statistics, see Table 2.)

Table 1  Participant characteristics of each group

Standard deviations are shown in parentheses

Variable ASD ID TD

Male (female) 19 (1) 19 (1) 19 (1)
Chronological age 11.86 (2.27) 11.73 (2.51) 5.06 (0.42)
Verbal ability (PPVT-

R)
72.35 (28.53) 77.85 (19.25) 88.40 (26.44)

Nonverbal ability 
(CPM)

25.65 (7.52) 21.90 (5.45) 23.70 (5.99)

Table 2  Working memory, inhibitory control, and ToM scores for 
each group

Standard deviations are shown in parentheses

Variable ASD ID TD

Working memory 6.25 (2.20) 6.75 (1.92) 7.55 (1.32)
Inhibitory control 13.5 (2.48) 13.3 (2.06) 15.0 (1.56)
Theory of mind 1.65 (1.60) 2.56 (1.47) 4.00 (0.00)
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Group Differences in Executive Function

A one-way ANOVA was conducted to compare the work-
ing memory scores of the ASD, ID, and TD groups. There 
were no significant differences in working memory scores 
between the three mental-age-matched groups, F (2, 57) = 
2.521, p = 0.089, η2 = 0.081, ω2 = 0.048.

A one-way ANOVA was similarly conducted to com-
pare the inhibitory control scores of the ASD, ID, and TD 
groups. There was a significant difference in inhibitory con-
trol scores between the three mental-age-matched groups, 
F(2, 57) = 4.047, p = 0.023, η2 = 0.124, ω2 = 0.092. Tukey-
adjusted post-hoc tests showed that the inhibitory control 
scores of the ASD group were not significantly different 
from that of the TD group (p = 0.064, t = 2.296, Cohen’s d 
= 0.724), or the ID group (p = 0.950, t = 0.306, Cohen’s d 
= 0.088). The inhibitory control scores of the ID group were 
significantly lower than that of the TD group (p = 0.031, t = 
2.603, Cohen’s d = 0.933).

Group Differences in Deception

Telling of Self‑protective Lies

Telling of self-protective lies could only be assessed in 16 
children in the ASD group, 15 children in the ID group, and 
18 children in the TD group. 8 of 16 (50.0%) children in the 
ASD group, 12 out of 15 (80.0%) children in the ID group, 
and 16 of 18 (88.9%) in the TD group told a self-protective 
lie. A binary logistic regression was performed to examine 
the effect of group on the likelihood that children tell self-
protective lies. The predicted variable was whether the child 
lied in the temptation resistance paradigm (0 = truth and 1 = 
lie). The predictor was group, which was a categorical inde-
pendent variable with the following levels: TD, ASD, and 
ID. The logistic regression model was statistically signifi-
cant, χ2(2) = 6.946, p = 0.031. The model explained 19.3% 
(Nagelkerke  R2) of the variance in self-protective lying and 
classified 73.5% of the cases correctly. A TD child had odds 
of telling a self-protective lie that were 8 times the odds of 
a child with ASD, p = 0.021. The odds of TD children and 
children with ID telling self-protective lies did not differ 
significantly from each other, p = 0.484.

Semantic Leakage Control

Semantic leakage control could only be assessed in 8 chil-
dren in the ASD group, 12 children in the ID group, and 16 
children in the TD group. 5 of 8 (62.5%) children in the ASD 
group, 9 of 12 (75%) children in the ID group, and 16 of 16 
(100%) in the TD group feigned ignorance of the identity 
of the toy, χ2 (2, N = 49) = 6.200, p = 0.045. Further tests 
showed that fewer children in the ASD group could feign 

ignorance compared to children in the TD group, χ2 (1, N = 
34) = 5.762, p = 0.016. There were no differences in seman-
tic leakage control between children in the ID group and 
ASD group, χ2 (1, N = 31) = 1.143, p = 0.285, or children 
in the TD group, χ2 (1, N = 33) = 1.960, p = 0.162.

Presence of Self‑benefiting Lies

15 of 20 (75%) children in the ASD group, 19 of 20 (95%) 
children in the ID group, and 20 of 20 (100%) children in the 
TD group told at least one self-benefiting lie. A Chi square 
test showed that the three groups differed in the number 
of children who told self-benefiting lies, χ2 (2, N = 60) = 
7.778, p = 0.020. Further tests showed that a smaller propor-
tion of the ASD group told at least one self-benefiting lie 
without explicit prompting compared to the TD group, χ2 (1, 
N = 40) = 5.714, p = 0.017. There were no differences in the 
percentage of children who told self-benefiting lies between 
ID and ASD group, χ2 (1, N = 40) = 3.137, p = 0.077, or 
the ID and TD groups, χ2 (1, N = 40) = 1.026, p = 0.311.

Frequency of Self‑benefiting Lies

A one-way ANOVA showed that the three groups differed 
in the mean frequency of self-benefiting lies, F (2, 57) = 
14.896, p < 0.001, η2 = 0.343 (Fig. 2). Bonferroni-adjusted 
post-hoc tests showed that children in the ASD group (M = 
5.10, SD = 3.97) told fewer lies than children in the ID group 
(M = 8.55, SD = 2.50), t = − 3.286, p = 0.001, d = 1.039, 
and the TD group (M = 9.65, SD = 0.81), t = − 5.019, p < 
0.001, d = 1.587. There was no difference between children 
in the ID group and the TD group, t = − 1.870, p = 0.634, 
d = 0.591.
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Fig. 2  Frequency of lies in the Hide-and-Seek task for each group. 
Error bars represent one standard error of the mean. **p < 0.01
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Relationship Between Deception and ToM

Children with ASD

For children with ASD, ToM scores were not significantly 
correlated with their ability to tell self-protective lies, 
semantic leakage control, or ability to tell-self-benefiting 
lies (see Table 3). Frequency of self-benefiting lies had a 
significant positive correlation with ToM.

Children with ID

For children with ID, ToM scores were not significantly cor-
related with their ability to tell self-protective lies, semantic 
leakage control, or ability to tell-self-benefiting lies (see 
Table 3). Frequency of self-benefiting lies had a significant 
positive correlation with ToM.

TD children

We were not able to run correlations as TD children all 
scored the maximum score of 4 with no variability.

Relationship Between Deception and Working 
Memory

Children with ASD

Working memory scores were significantly correlated with 
all deceptive measures: ability to tell self-protective lies, 

semantic leakage control, ability to tell self-benefiting lies, 
and frequency of self-benefiting lies (see Table 3).

Children with ID

There were no significant correlations between any of the 
deceptive measures and working memory scores.

TD children

All TD children who lied were able to exert semantic leak-
age control and all TD children told at least one self-bene-
fiting lie with no variability. Working memory scores were 
not significantly correlated with ability to tell self-protective 
lies or frequency of self-benefiting lies.

Relationship Between Deception and Inhibitory 
Control

Children with ASD

There were no significant correlations between any of the 
deceptive measures and inhibitory control scores.

Children with ID

There were no significant correlations between any of the 
deceptive measures and inhibitory control scores.

Table 3  Correlations using 
Pearson’s r and Fisher’s z 
between deception and socio-
cognitive measures for the ASD, 
ID, and TD Groups

† p < 0.06, *p < 0.05, **p < 0.01, ***p < 0.001 (two-tailed)
r Pearson’s r, z Fisher’s z, H&S hide and seek paradigm

n Theory of mind Working memory Inhibitory control

r z r z r z

Typically development
 Telling of self-protective lie 18 – – 0.029 0.029 0.771*** 1.02***
 Semantic leakage control 16 – – – – –
 Presence of H&S lie 20 – – – – –
 Frequency of H&S lies 20 – – 0.386 0.407 − 0.250 − 0.255

Autism spectrum disorder
 Telling of self-protective lie 16 0.001 0.001 0.489† 0.535† − 0.025 − 0.025
 Semantic leakage control 8 − 0.020 − 0.020 0.700† 0.867† 0.561 0.634
 Presence of H&S lie 20 0.315 0.326 0.499* 0.548* 0.263 0.269
 Frequency of H&S lies 20 0.462* 0.500* 0.618** 0.722** 0.150 0.151

Intellectual disability
 Telling of self-protective lie 15 0.264 0.270 − 0.258 − 0.264 0.123 0.124
 Semantic leakage control 12 0.100 0.100 0.152 0.153 0.055 0.055
 Presence of H&S lie 20 0.409 0.434 0.338 0.352 0.149 0.150
 Frequency of H&S lies 20 0.529* 0.589* 0.272 0.279 0.355 0.371
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TD children

All TD children who lied were able to exert semantic leak-
age control and all TD children told at least one self-ben-
efiting lie with no variability. TD children’s ability to tell 
self-protective lies was significantly correlated with their 
inhibitory control. There was no correlation between fre-
quency of self-benefiting lies and inhibitory control.

Discussion

We explored two main hypotheses regarding deception in 
children with ASD.

Firstly, we examined whether children with ASD have 
a greater difficulty lying compared to TD children. Our 
results show that children with ASD told fewer lies than 
TD children and children with ID. This was evident across 
all measures of lying in both the Temptation Resistance 
Paradigm and Hide-and-seek game, namely, the telling of 
self-protective and self-benefiting lies, the maintenance of 
self-protective lies, and the frequency of self-benefiting lies. 
This finding replicates those of previous studies (e.g., Talwar 
et al. 2012; Yi et al. 2014; Yang et al. 2017) and shows that 
children with ASD are still able to deceive, although their 
ability is limited.

Secondly, we examined whether executive function—par-
ticularly working memory—plays a role in lying for chil-
dren with ASD. Our results revealed that for the ASD group, 
there were significant positive correlations between working 
memory and all measures of lying in both paradigms. This 
relationship between deception and working memory in chil-
dren with ASD is the key finding from the present study, 
especially since its role has not previously been studied. We 
will outline the theoretical and practical implications of this 
positive correlation below.

The Role of Executive Function in Deception

The role of executive function in lying has been examined 
extensively with TD children. The literature therefore pro-
vides a baseline for us to compare our ASD group against. 
In the present study, it is unsurprising that working mem-
ory was not associated with lie-telling for TD children; this 
finding replicates that of previous studies, where working 
memory similarly did not predict whether a TD child told 
a lie (e.g., Evans and Lee 2013; Talwar and Lee 2008). We 
additionally found that inhibitory control was significantly 
related to whether a TD child told a lie, which is also in line 
with previous studies (e.g., Carlson et al. 1998; Talwar and 
Lee 2008).

Despite the fact that mental-age-matched ASD and TD 
children had comparable working memory scores, we found 

that working memory was robustly related to deception for 
the ASD group, but not TD group. Similarly, though the 
ASD and TD groups had comparable inhibitory control 
scores, the relationship between deception and inhibitory 
control was different for the two groups. As such, our results 
suggest that the mechanisms underlying deception might be 
different for the two groups: children with ASD rely on their 
working memory when making the decision to tell a lie, 
while TD children do not.

The Role of ToM in Deception

We now turn to the role of ToM in deception. TD children 
appear to rely heavily on their ToM when engaging in decep-
tion; lying has even been referred to as “theory of mind in 
action” (Lee 2013). As with previous studies (e.g., Happé 
1995), the present study found that children with ASD have 
significantly poorer ToM skills compared to TD children of 
the same mental age. However, these impairments of ToM 
could not fully account for the difficulty children with ASD 
face when telling lies. ToM was not correlated with the tell-
ing of self-protective lies, the maintenance of self-protective 
lies, or the telling of self-benefiting lies. This finding rep-
licates that of previous studies (Russell et al. 1991; Baron-
Cohen 1992; Li et al. 2011; Yi et al. 2014) and is interesting 
because it suggests that children with ASD who had better 
ToM skills were not more likely to be able to tell a lie.

However, it is worth noting that for children with ASD, 
the only measure of deception that was positively correlated 
with ToM is the frequency of self-benefiting lies. This could 
be due to the much broader data range for frequency of self-
benefiting lies compared to the other variables collected on 
lying. Therefore, this might be more sensitive to change; it 
may be the case that this particular measure is more sensi-
tive to a more subtle relationship between TOM and lying in 
ASD, as well as ID. Nonetheless, the much stronger relation-
ships for working memory are still of great interest. Moreo-
ver, working memory—and not ToM—was associated with 
whether children with ASD were able to overcome the initial 
threshold of telling a self-benefiting lie in the first place.

A Compensatory Explanation

The finding that working memory is positively related to 
lying for the ASD group is especially noteworthy when 
taken together with the lack of relationship between ToM 
and lying for children with ASD, as well as the finding that 
children with ASD are able to engage in deception. Col-
lectively, these results imply that unlike TD children, ToM 
may not be necessary for deception for children with ASD; 
children with poor ToM skills may still be able to tell a lie if 
they engage their working memory. As such, we suggest that 
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when children with ASD tell lies, working memory compen-
sates for their characteristic deficits of ToM.

This idea that children with ASD use a compensatory 
mechanism when engaging in socio-cognitive processes has 
previously been suggested in the literature. For example, 
Happé (1995) mentioned that unlike TD children, children 
with ASD appear as though they are engaging in effortful 
“mental arithmetic” when solving the false belief (i.e., ToM) 
task. Bowler (1992) similarly theorizes that the use of effort-
ful mechanisms for socio-cognitive processes causes delays 
in timing when children with ASD respond in social situ-
ations. Moreover, Jaarsma et al. (2012) proposed that indi-
viduals with ASD develop a system of rules to abide by in 
social situations due to their inability to empathize.

In line with these previous suggestions, we found empiri-
cal evidence that children with ASD use an effortful route—
via their working memory—when they engage in the socio-
cognitive process of deception. Perhaps for children with 
ASD, the significant positive relationships between working 
memory and lying are reflective of how deception taxes the 
child’s working memory systems when their ToM falls short. 
In contrast, for TD children, it is possible that ToM per se 
is sufficient for the deceptive measures used in the present 
study; as a result, TD children did not have to engage their 
working memory systems in order to lie.

Therefore, our compensation explanation suggests that 
children with ASD and TD children utilise different socio-
cognitive systems when telling lies. For TD children, lying 
may indeed be “theory of mind in action” (Lee 2013), but 
this is not the case for children with ASD, who instead 
engage their working memory. This finding has important 
practical implications for clinicians. For instance, it might 
be more effective to train the working memories of children 
with ASD in order to improve their social functioning, as 
opposed to training their ToM directly. Similarly, it might 
be useful to capitalize on the working memory of children 
with ASD when teaching them to understand others’ and 
their own mental states.

Limitations and Future Directions

The main limitation of the present study is the ceiling effect 
we observed with the TD group. The mental-age-matched 
ASD and ID groups did not encounter this same ceiling 
effect. All TD children were able to pass both false belief 
tasks and get maximum scores with no variance. All TD 
children also told self-benefiting lies and maintained their 
self-protective lies. As a result, we were unable to assess 
the relationship between ToM and lying for TD children 
directly. Future studies can consider using more complex 
ToM tasks to avoid this ceiling effect, such as second-order 
false belief tasks or the double bluff task in Happé’s (1994) 
study. Similarly, it would also be worthwhile to use Wellman 

and Liu’s (2004) ToM scale to get a more nuanced view of 
participants’ early stages of ToM prior to false belief.

Moreover, the present study was limited by the small 
sample size and heterogeneity of the ASD group. Out of 
20 children in the ASD group, 10 had been diagnosed with 
mild autism, while the remaining 10 had severe autism. 
Since the ASD group was not homogeneous, mean group 
differences between the ASD, TD, and ID groups should 
be interpreted with caution. Future studies may additionally 
examine whether the severity of a child’s autism is related 
to their deceptive abilities.

Another limitation is the compensation explanation’s 
underlying assumption that ToM and working memory con-
tribute to one’s ability to lie. It may be that children with 
ASD learnt to deceive via other means and that compensat-
ing for impairments in social function developed their work-
ing memories. However, the present study is correlational 
rather than causal and cannot disentangle these explanations. 
As mentioned previously, in order to establish directionality, 
future studies can consider training the working memories 
of children with ASD and examining if this improves lying. 
Providing ToM training for children with ASD, but not find-
ing any improvements in lying, would similarly lend support 
to the compensation hypothesis. Alternatively, it would be 
useful to conduct a neuroimaging study to examine areas 
of the brain of a child with ASD that are activated during 
the process of lying. If areas that are only associated with 
working memory but not with ToM are activated when a 
child with ASD lies, then the compensation explanation may 
be true.

Lastly, the present study examined children’s working 
memory via the counting span task and their response inhi-
bition via the day-night Stroop task. However, in order to 
complete the executive function assessment, future studies 
may find it useful to look at cognitive flexibility aspects, 
such as set shifting, as well. Future studies may also wish 
to examine the relationship between deception and central 
coherence—a broader construct that is similarly impaired in 
children with ASD (Frith 1989).

Conclusion

The present study examined deception, executive control, 
and ToM in TD children, children with ASD, and children 
with ID. We found that for children with ASD, deception 
is positively correlated with working memory, but not with 
ToM. We suggest that when children with ASD engage in 
deception, they utilise their working memory to compensate 
for deficits of ToM. As such, while it is true that children 
with ASD have ToM impairments, they may be able to use 
their other cognitive capabilities in a compensatory manner 
so as to still function in the social world.
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