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ABSTRACT

This study tests the role of verbal mediation during theory of mind proces-
sing in autism spectrum disorder (ASD). Adolescents with ASD or typical 
development completed a false belief task while simultaneously performing 
a verbal or nonverbal load task. There was no group difference in false belief 
accuracy; however, under verbal load, the ASD group was relatively less 
efficient, with slower reaction times, in false belief compared to true belief 
trials. Faster false belief task performance under verbal but not nonverbal 
load was associated with pragmatic language ability for the ASD group only. 
Results were consistent with the theory that there are two (implicit, non-
verbal and explicit, verbal) processes that support cognitive reasoning about 
other people’s minds and that people with ASD rely more on the explicit 
system. Verbal mediation may be critical for false belief understanding in 
individuals with ASD but not typical development.
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1. Introduction

Inner speech—or the silent, internal, unvoiced expression of thoughts—is said to be the primary 
medium for representing and relating abstract concepts; it provides a foundation for flexible cognition 
and self-regulation (Vygotsky 1987). Extensive evidence indicates that inner speech is important in 
executive control (Barkley 1997); inner speech, and language more generally, provides a critical 
medium for inhibition, planning, and working memory (Carruthers 2002), all of which are higher- 
order cognitive functions. Higher-order social functioning, including the ability to attribute intentions 
and mental representations to others, may similarly rely on inner speech. However, some evidence 
suggests that this sort of reasoning about others, called theory of mind (ToM) reasoning, may be an 
intuitive, implicit process that bypasses language. The current study examines the roles of inner speech 
(verbal mediation) in ToM reasoning in autism spectrum disorder (ASD), a neurodevelopmental 
condition characterized by early-emerging social and communication deficits (American Psychiatric 
Association 2013) and often including difficulties in ToM (Baron-Cohen, Leslie & Frith 1985).

Four-year-old children display a remarkable and sophisticated ensemble of linguistic, cognitive, 
and social skills. They learn new concepts quickly and can communicate and comprehend a wide 
variety of complex propositions such as “if you are gentle with the kitty, it will come sit in your lap.” 
Alongside this sophistication, however, children at this age struggle to process seemingly straightfor-
ward statements such as “Annie thinks that the apple is in the box”; this struggle is most apparent 
when those statements conflict with the actual state of affairs (e.g., if the apple is not in the box but 
rather in the basket). False belief tasks require children to contrast another individual’s false belief (the 
apple is in the box) with their own (accurate) belief (it is in the basket). In a typical false belief task, 
a child hears a story about (for example) a character named Annie who places her apple in one location 
(e.g., a basket); after Annie leaves the room, a second character moves the apple (e.g., under the bed). 
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Upon Annie’s return, the child is asked to indicate where Annie will look for the apple. A report about 
Annie’s belief about the apple’s location conflicts with the apple’s actual location; as such, a child’s 
responses provide a clear indication of whether the child understands and is able to report on other 
people’s mental representations.

2. Language and theory of mind

Language has long been proposed as a critical ingredient of ToM and false belief reasoning (Wellman 
1990). Deaf children exposed early in life to sign language perform better on false belief tasks than late 
language learners (de Villiers 2005; Woolfe, Want & Siegal 2002), as do those children whose parents 
have ASL language skills that are accessible to the children (Schick et al. 2007). The theory of linguistic 
determinism proposes that the ability to comprehend and produce sentential complements (e.g., 
“Mom knows that Dad is going to the market”) is critical for belief reasoning (de Villiers 2007; 
Durrleman & Franck 2015). Supporting at least some aspects of this theory, a meta-analysis found 
a significant relationship between language skills and false belief performance, independent of age, in 
children younger than age 7, with language ability accounting for a significant 18% of the variance 
(Milligan, Astington & Dack 2007).

In contrast, several lines of research suggest that language is not essential for false belief reasoning. 
Preverbal infants appear to be influenced by their perception of the goals, perceptions, and beliefs of 
other individuals in tasks where an actor looks for a hidden toy (Onishi & Baillargeon 2005). Results of 
a study using a dual-task method (described further in the following) suggest that belief attribution 
and verbal reasoning are separable in adults (Forgeot d’Arc & Ramus 2011). A study of 30 children 
with Williams syndrome who were presented with multiple false belief tasks found that performance 
was predicted by cognitive demands of the tasks rather than by receptive vocabulary or grammatical 
ability (Van Herwegen, Dimitriou & Rundblad 2013). Children with developmental language disorder 
show difficulties on false belief tasks requiring an explicit verbal response, suggesting the involvement 
of an “internal monologue” in belief reasoning (Durrleman, Burnel & Reboul 2017). People with 
aphasia, who struggle with language production and comprehension, nevertheless show intact ToM 
(Varley, Siegal & Want 2001; Willems et al. 2011); of course, their language difficulties are, by 
definition, acquired late in life.

These results, and others, thus suggest either that language is or is not critical for false belief and 
ToM reasoning. One possible resolution of these conflicting results comes from a proposal of two 
distinct systems supporting ToM task performance (Apperly & Butterfill 2009). A fast, inflexible, 
intuitive, automatic system might be available early in development, permitting people to engage in 
social-perceptual processing. In contrast, a verbally mediated, deliberate, effortful, and slower system 
is thought to develop later in life and to mediate social-cognitive processing (Hale & Tager-Flusberg 
2003; Tager-Flusberg 2001). Individuals with no access to language (e.g., infants or nonhuman 
primates) could presumably solve some ToM tasks by utilizing the former system.

It is important to explicitly note the proposed role of language. Language ability, broadly construed 
via scores on standardized or other assessments, could undergird theory of mind reasoning because 
knowledge of a particular construct (e.g., sentential complements) provides a scaffold by which 
individuals develop a way of contrasting a true versus a represented state of reality; in essence, this 
is the argument of linguistic determinism. Verbal mediation is a related but distinct construct; it can be 
defined as subvocal or internal speech (in essence, our internal “voice”). While verbal mediation is 
likely highly dependent on and correlated with linguistic knowledge, the degree to which verbal 
mediation is required for various kinds of problem solving appears to differ strikingly across indivi-
duals and groups. For example, studies of set-shifting (Whitehouse, Maybery & Durkin 2006) and 
planning (Wallace et al. 2009; Williams, Bowler & Jarrold 2008) tasks show that individuals with ASD 
appear to rely less on verbal mediation compared to typically developing peers. In contrast, other 
studies indicated ASD-specific differences and increased reliance on verbal mediation (Joseph et al. 
2005; Williams, Bowler & Jarrold 2008); these results are revisited in the Discussion. In general, 
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structural language abilities are necessary for verbal mediation, but the latter construct involves 
additional processes.

3. Language and autism spectrum disorder

Studies of ASD are relevant to our understanding of the centrality of language in ToM reasoning. 
Communication skills are highly variable in ASD, with approximately 30% of individuals with the 
diagnosis attaining single-word or two-word-utterance language productions and a productive voca-
bulary of fewer than 50 words (Tager-Flusberg & Kasari 2013). Even those who develop fully fluent 
language abilities display significant delays in development and often have lifelong difficulties with 
aspects of discourse and pragmatic language (Eigsti et al. 2011). As such, ASD studies can provide 
a means of testing the role of linguistic knowledge in other developmental processes, such as ToM. 
Given the remarkable heterogeneity of language skills, it is useful to establish the structural and 
pragmatic language abilities of research participants to provide a meaningful comparison group.

Happé and colleagues reported that whereas typically developing children begin to pass belief- 
reasoning tasks between ages 3;05 and 4;00 (Wellman 1990), children with ASD typically pass 
significantly later, at a verbal mental age of 9 years (Happé 1995); this study also indicates that ToM 
performance is highly correlated with language ability, but not chronological age, in ASD; in contrast, 
chronological age is a strong predictor in children with typical development or with global develop-
mental delay. Many children with ASD do ultimately solve belief-reasoning tasks (Channon et al. 2001; 
Kaland et al. 2008). Happé (1995) and Tager-Flusberg et al. (2001) proposed that autistic people rely 
more on the aforementioned latter processes—the social-cognitive route—solving false belief pro-
blems in a “verbally mediated” manner. Multiple studies to date indicate that autistic people rely more 
heavily on verbal processes during belief reasoning (Durrleman & Franck 2015; Fisher, Happé & Dunn 
2005; Hale & Tager-Flusberg 2003; Happé 1995; Lind & Bowler 2009). That is, verbal individuals with 
ASD may utilize compensatory verbal skills (the aforementioned social-cognitive processes) to 
represent others’ minds (Fisher, Happé & Dunn 2005; Happé 1995; Tager-Flusberg 2001). An 
illustrative study tested whether language and ToM were more tightly linked in ASD than in 
individuals with typical development; results indicated that performance on sentential complements 
explained a significant 30% of the variance in nonverbal ToM task performance in children with ASD 
with age-appropriate cognitive abilities (Durrleman et al. 2016). Language abilities were measured via 
scores on experimental and standardized assessments.

These correlational results are suggestive; studies in which the role of language is directly manipu-
lated, however, are needed to directly test the role of language, and specifically online verbal media-
tion, in false believe reasoning. Intervention studies provide one avenue for investigation (e.g., 
Durrleman & Delage 2020). A direct test of the role of verbal mediation comes from dual task 
paradigms, in which the verbal channel is occupied by the articulation of a repeated word or phrase, 
and leading to reduced processing of verbal information (Murray 1967). Verbal shadowing tasks that 
utilize overt speech to interfere with covert inner speech have a long history (Sokolov 1972).

In a verbal shadowing study, Newton & de Villiers (2007) used a dual task paradigm to probe 
whether adults actively rely on language, and specifically on inner speech, while solving false belief 
problems. Eighty-one participants saw brief movie clips depicting a mouse hiding a piece of cheese; 
a second character entered the scene and moved the cheese to a new location. The movie clips then 
provided two possible endings: the mouse searching in (i) the original location and (ii) the new 
location. Subjects saw one true belief trial, in which the mouse observed the cheese being moved, and 
one false belief trial, in which the mouse exited the scene before the cheese was moved. While watching 
the movie clips, participants were asked to perform a secondary (dual) task. In the verbal load 
condition, they had to verbally shadow a complex narrative, and in the nonverbal load condition, 
they had to tap on a pair of wooden blocks using a specified rhythm; conditions differed in a between- 
participant manner. Results indicated that accuracy was high for the true belief condition in both 
verbal and nonverbal load groups and for the nonverbal load group in the false belief condition; in 
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contrast, participants in the verbal load group were at chance in the false belief condition, suggesting 
that inner speech is critical for ToM. There were no significant effects of trial order (e.g., whether the 
false or true belief trial came first). Importantly, the verbal and nonverbal load tasks were not equated 
for difficulty, meaning that performance differences related to load were confounded by difficulty.

Following up on this result, Forgeot d’Arc & Ramus (2011) employed a similar method but with 
a larger number of trials (38) and utilizing a within-subjects design. A total of 58 adults with an 
unremarkable developmental history solved nonverbal false or true belief attribution tasks while 
performing verbal shadowing or in silence. Results suggested no impact of the verbal load task on 
either false or true belief attribution. One important constraint on the interpretation of such dual-load 
paradigms is that they rely on an indirect comparison of verbal versus nonverbal tasks; it is critical to 
establish that these tasks are comparable in the burden they place on processing, imposing a similar 
load. To address such questions, it is critical to provide a direct comparison of load tasks using 
a second task that does not rely heavily on inner speech.

4. The current study

Given conflicting results about the role of language in false belief reasoning, from studies utilizing 
correlational and experimental methods, the current study was designed to test the impact of a verbal 
dual task on false belief and true belief reasoning in verbally adept individuals with ASD and typical 
development. We contrasted the impact of a verbal load task, which suppressed inner speech and 
therefore was expected to impede reliance on a verbal route for solving ToM problems, with the 
impact of a nonverbal load task of equivalent difficulty, designed to leave inner speech intact. True 
belief trials were expected to be relatively straightforward for all participants and therefore provided 
a test of task comprehension and a performance baseline for false belief trials. A greater performance 
decrement under verbal load as compared to nonverbal load would serve as evidence of verbal 
mediation for the belief task. If language is critical in processing false belief, and there is only 
a single “system” (e.g., under the strong version of linguistic determinism), participants across groups 
would be expected to show a performance decrement in the verbal compared to nonverbal trials. If, in 
contrast, there are two systems subserving false belief reasoning (the fast, automatic, social-perceptual 
system, and the slower, more deliberate, social-cognitive system), and if participants with autism rely 
more on the second system, we would predict a significantly greater performance decrement for the 
ASD group when solving false belief problems under verbal load.

Executive functioning is frequently impaired in ASD (Eigsti 2011), and dual task paradigms are 
intrinsically heavily loaded for executive processes (Strobach 2020). Furthermore, ToM processing 
likely also involves executive processes (e.g., Russell, Saltmarsh & Hill 1999). As such, a measure of 
executive functioning (specifically, inhibition) was included to enable us to test whether executive 
processes interacted differently with language and ToM.

5. Study 1: Belief reasoning in a dual-task paradigm

5.1. Methods

5.1.1. Participants

Participants were 31 adolescents between the ages of 12 and 18 years old, with autism spectrum disorder 
(ASD; n = 15) or typical development (TD; n = 16). All participants had full-scale IQ scores falling within or 
above 1.5 SD of the mean (e.g., SS > 85) as measured by the Stanford-Binet Abbreviated Intelligence Scales— 
Fifth Edition (Roid 2003); scores are shown in Table 1. The Stanford-Binet provides an estimate of verbal IQ 
(VIQ) and nonverbal IQ (NVIQ). Groups differed in VIQ (TD higher than ASD) and NVIQ (ASD higher 
than TD). Structural language ability was measured using the Clinical Evaluation of Language 
Fundamentals (CELF; Semel, Wiig & Secord 2003) Core Language composite. The groups did not differ 
significantly on gender, age, or general language ability (CELF score). Participants also completed the 
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Color-Word Interference subtest from the Delis-Kaplan Executive Function System (D-KEFS; Delis, Kaplan 
& Kramer 2001) as a measure of executive inhibitory control, and the Test of Language Competence (Wiig & 
Secord 1989) Ambiguous Sentences subtest as a measure of pragmatic language. In this subtest, which 
evaluates the ability to comprehend lexically or syntactically ambiguous sentences, examinees hear a spoken 
sentence with two possible interpretations and must choose an appropriate pictorial representation.

5.1.1.1. ASD group. Participants met diagnostic criteria for ASD using DSM-IV-TR criteria 
(American Psychiatric Association 2000), according to scores on Module 3 of the Autism Diagnostic 
Observation Schedule (ADOS; Lord et al. 2002), the parent-report Social Communication 
Questionnaire—Lifespan version (SCQ; Rutter, Bailey & Lord 2003), which measures autism sympto-
matology across development and clinical judgment. All participants had an ADOS composite score at 
or above the clinical cutoff of 7 and an SCQ score at or above the clinical cutoff of 15.

5.1.1.2. TD group. Participants in the TD group did not meet criteria for ASD based on clinical 
judgment or the SCQ and had no first-degree relatives with ASD. To avoid a hypernormative group, 
TD children were not excluded for other learning or psychiatric disorders (though no participants 
carried a current diagnosis).

All procedures were approved by University of Connecticut Institutional Review Board. Parents 
provided written assent, and participants provided written assent for study participation; participants 
received financial remuneration.

5.1.2. Low-verbal false belief task

The belief-reasoning task was designed to test false belief performance under cognitive load using a dual 
task design. The primary belief reasoning task comprised eight silent 1-minute live-action video trials. In 
each trial, “Annie” placed an apple in Location A; the “Custodian” entered the room and then moved the 
apple to Location B. In true belief trials, Annie was present and watched while the apple was moved; in 
false belief trials, Annie left the room and did not see the final location of the apple. Each trial ended with 
two still images, showing (i) Annie searching in Location A, and (ii) Annie searching Location B. For true 

Table 1. Characteristics of participants with autism spectrum disorder (ASD) and typical development (TD).

ASD TD F/χ2 p Cohen’s d

n (M:F) 13:2 13:3 0.17 0.68
Age (y) 14.4 (1.9) 

12–17
14.6 (1.7) 

12–17
0.35 0.56 0.11

FSIQ 102.4 (9.7) 
85–121

102.8 (8.8) 
88–124

0.16 .90 0.04

Verbal IQ* 9.7 (2.7) 
5–13

11.5 (2.0) 
9–16

4.89 0.04 .76

Nonverbal IQ* 11.2 (2.4) 
7–15

9.5 (1.9) 
6–13

4.68 0.04 .79

Social Communication Questionnaire*** 27.2 (13.4) 
16–59

2.3 (2.2) 
0–7

53.45 0.001 2.64

ADOS Total (Module 3) 10.1 (2.1) 
7–14

n/a

CELF Core Language SS 109 (10) 
93–123

114 (9) 
93–124

2.35 0.14 0.42

TLC Ambiguous sentences SS 10.1 (3.3) 
4–14

10.9 (2.6) 
6–16

0.56 0.46 0.28

D-KEFS Color-Word Inhibition SS 10.3 (1.4) 
8–13

11.5 (2.5) 
5–16

2.87 0.10 0.59

Note. Data are shown as M(SD), range. SS = Standard Score, M(SD) = 100(15); SS = Subtest Score, M(SD) = 10(3); FSIQ = Stanford-Binet 
Abbreviated IQ; ADOS = Autism Diagnostic Observation Schedule, for which higher scores suggest more symptomatology; 
CELF = Clinical Evaluation of Language Fundamentals; TLC = Test of Language Competence; D-KEFS = Delis-Kaplan Executive 
Function Scale.
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belief trials, Location B was correct; for false belief trials, Location A was correct. The scene (video 
setting) changed across trials such that Locations A and B were always trial-unique; however, the 
characters (Annie and Custodian) were consistent. Participants responded by pressing one of two keys 
(O and P) with their right middle or index fingers to select the image on the left or right. Colored tactile 
stickers were placed on the O and P keys to facilitate accurate responding. Participants were told to 
respond as quickly as possible without making mistakes. Response side was counterbalanced by trial. All 
videos were trial-unique, with different settings and A/B locations. The task was programmed using 
SuperLab 5 software on a MacBook Pro. Responses were measured via button press, which recorded both 
accuracy and RT. Given the simplicity of the videos and the age of the participants, RT was expected to 
serve as the most sensitive metric of individual differences.

Each participant completed two trials per condition (false belief/verbal load; false belief/nonverbal 
load; true belief/verbal load; true belief/nonverbal load), for a total of eight trials. Participants were 
randomly assigned to one of four pseudorandom trial lists with the first trial type balanced across groups.

While performing the primary belief reasoning task, participants simultaneously performed one of two 
secondary load tasks in time to a metronome ticking at 1-second intervals. In the verbal load condition, 
participants recited the days of the week (Sunday, Monday, Tuesday . . .). In the nonverbal load condition, 
participants used their left index finger to tap a sequence of blocks in a “Z” configuration. The four 1.5” 
cubes used for the tapping task were affixed to a 4 x 6” foam board in a rectangle. All participants used the 
finger on the left hand, regardless of handedness, to maintain consistency across subjects, as this was not 
a skill- or speed-based exercise. Both the verbal and nonverbal tasks were designed to be easy—that is, not 
imposing a significant cognitive demand. Task instructions for both the belief reasoning task and load tasks 
were delivered verbally by the experimenter and were also printed on the computer screen.

5.1.3. Procedure

Testing was conducted at the participant’s home or at the University of Connecticut during two 
3-hour sessions. Participants completed several additional standardized and experimental measures 
not relevant to the current study.

Prior to the belief task, participants completed task training. First, they received instructions on the 
load tasks and practiced them in time to the metronome until they were comfortable. Participants also 
practiced selecting images on the screen using the keyboard response buttons. No participant had 
difficulty understanding or carrying out these tasks.

To become familiar with the belief task procedures, participants watched a video of a causal event (a 
person’s hand spilling a glass of milk), followed by an image of a full glass and an image of an empty 
glass. They responded under verbal load (days of the week) and nonverbal load (block tapping), one 
practice trial per condition. All participants showed excellent comprehension and were able to 
respond correctly while performing the load tasks. They then received training on the belief- 
reasoning task before proceeding, via the following script. All participants expressed comprehension.

This story is about a girl named Annie. This is Annie. [Cartoon picture of Annie.] Today, Annie brought her 
favorite snack to school—a green apple. [Picture of apple.] Annie is looking for a safe place to hide her apple until 
lunch. But there’s a problem: Whenever Annie hides her apple, the Custodian moves it! [Cartoon picture of 
Custodian.] Sometimes, Annie is in the room when the Custodian moves her apple, but sometimes she’s not. You 
will see two photos on the screen that show two possible endings to the story. Your job is to pick the ending that 
shows where Annie thinks her apple is.

6. Results

6.1. Preliminary analyses

Between-subjects variables were group (ASD, TD) and Trial List (A, B, C, D). Within-subjects 
conditions were belief (true, false) and load (verbal, spatial). Dependent variables were accuracy 
(number of correct trials) and RT (ms). Trials with RT of less than 100 ms (Whelan 2010) or greater 
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than 2.5 SD above the mean (Balota & Spieler 1999) were removed (nine trials total). There were no 
main effects of trial list (Lists A, B, C, and D represented pseudorandomly ordered presentations of 
items) for either RT or accuracy,1 so these groups were collapsed in subsequent analyses. Accuracy 
data met the assumption of homogeneity of variance but were negatively skewed and kurtotic 
(Shapiro-Wilk ps < .05); these data could not be normalized using standard transformations. 
Generalized estimating equation (GEE) analyses, which are robust to unmeasured dependence 
between outcomes, were thus used to probe effects of group, load, and belief with VIQ and NVIQ 
scores as covariates. The RT data were normally distributed but did not show homogeneity of variance 
between groups (Levene statistic p < .05); a square-root transformation was applied, after which the 
assumption was met. Repeated-measure ANOVAs were used to test for group differences in RT, 
calculated separately for Verbal and Nonverbal conditions. Effect sizes were calculated with Cohen’s 
d (Cohen, 1988). To examine within-group correlations of RT with standardized clinical assessments, 
Pearson correlations were used (conventions for effect size, r: small = .10; medium = .30; large = .50).

6.2. Accuracy

We examined effects of group, load, and belief in a first-order autoregressive (AR1) correlation matrix 
using GEE. Task accuracy was high overall: M (SD) = 6.48 (1.48) out of 8, with a range of 4–8 
(chance = 4). Analyses revealed no main effects of group, belief, or load and no two-way or three-way 
interactions (all p’s >.50); see Table 2. These findings suggest that neither belief nor load conditions 
impacted the ability of participants in either group to accurately choose the correct location and that 
participants across groups were similarly attentive and engaged with the task. Accuracy data are shown 
in Table 2.

6.3. Reaction time

Performance was measured via RT, a metric with a “rich tradition” (see also Farmer, Misyak & 
Christiansen 2012; Martin & McElree 2018:770) of being used to examine group differences in 
psycholinguistic tasks. In the Verbal load condition results showed a significant main effect of 
group, F(1,29) = 7.85, p = .009, d = .91, such that ASD participants were significantly slower than 
TD participants with a large effect size. There was no main effect of belief condition, F(1,29) = 1.28, 
p = .27, d = .16. There was a trend for a significant interaction of group X belief condition, F 
(1,29) = 4.34, p = .05, d = .82, such that the ASD group was slower in False belief compared to True 
belief trials, whereas the TD group showed the opposite tendency, performing faster in the False belief 
compared to the True belief trials. Paired-sample t-tests provided weak support for this finding; in the 

Table 2. Performance on the nonverbal belief task as a function of group.

ASD M(SD) TD M(SD) F p Cohen’s d

Accuracy (proportion correct) True belief, verbal load .74 (.37) .69 (.44) .097 .76 .10
False belief, verbal load .77 (.32) .91 (.27) 1.72 .20 .47
True belief, nonverbal load .77 (.32) .85 (.35) .405 .53 .24
False belief, nonverbal load .84 (.31) .94 (.17) 1.38 .25 .4

RT (ms) True belief, verbal load 1757 (639) 1365 (415) 3.69 .06 .73
False belief, verbal load 2224 (1268) 1271 (357) 8.82 .006 1.02
True belief, nonverbal load 2243 (1030) 1360 (443) 10.12 .003 1.11
False belief, nonverbal load 2008 (707) 1268 (350) 15.51 <.001 1.33

Note. Data are presented as nontransformed (raw) mean scores.

1There was a significant three-way interaction of trial list x group x load, χ2(1) = 7.03, p < .01. Post hoc analyses revealed that for List 
A the difference between spatial and verbal load trials in the TD group was significantly different than the difference between 
spatial and verbal load for ASD participants, and for List D the TD group had greater accuracy than the ASD group, F(1,12) = 9.55, 
p < .05, ηp

2 = .66. Because effects were nonsystematic across orders, these results were thought to reflect idiosyncratic effects of 
small trial numbers, and order was collapsed for subsequent analyses; more information is available on request.
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ASD group, RT for the False and True belief trials in the Verbal condition differed at the trend level, t 
(14) = 1.717, p = .099; RT for the False and True belief trials in the Nonverbal condition did not differ, t 
(14) = .865, p = .402. In the TD group, RT did not differ in either set of conditions, Verbal: t 
(14) = 1.036, p = .32, Nonverbal: t(14) = 0.738, p = .47.

In the Nonverbal load condition, results showed again a significant main effect of group, F 
(1,29) = 16.27, p < .001, d = 2.44, such that ASD participants were significantly slower than TD 
participants with a large effect size. There was no main effect of belief condition, F(1,29) = 1.31, p = .26, 
d = .10, and no interaction of group X belief condition, F(1,29) = 0.097, p = .76, d = .10. These findings 
are depicted in Figure 1. This finding is consistent with the proposal that individuals with ASD rely 
more on social-cognitive verbal processes to solve false belief ToM problems, as results showed 
a slowing in false belief trials compared to true belief trials only for the ASD group and only when 
the verbal channel was occupied with a concurrent verbal task.

The repetition across trials (the presence of Annie and the Custodian, the search for an apple) may 
have detracted from the salience of ToM in solving the task, as participants may have been able to “get 
into set” after one or two belief task trials. Thus, as a check on the primary analyses, we examined 
performance on the first trial alone (recall that the condition of the first trial was balanced across four 
orders). Note that each cell in the analysis contained only four participants; results should therefore be 
interpreted with caution due to the risk of Type II error. Between-subjects ANOVAs were used to 
examine Trial 1 Accuracy and RT as a function of trial condition (belief/load) and group. There were 
no main or interaction effects, all ps > .10.

Figure 1. RT by group as a function of belief and load conditions.
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6.4. Correlational analyses: Structural and pragmatic language and inhibitory control

A final analysis examined the correlates of false belief task performance under verbal and load. 
Planned within-group analyses tested CELF Core Language (as a measure of structural language 
knowledge), TLC Ambiguous Sentences (as a measure of pragmatic language knowledge), and Color- 
Word Inhibition (as a measure of inhibitory executive control) as correlates of true and false belief RT. 
We also examined whether RT correlated with ASD symptom severity in either group, indexed using 
total ADOS scores in the ASD group and SCQ scores in the TD group. Results are shown in Table 3. In 
the ASD group, False belief, Verbal load was correlated with TLC Ambiguous Sentences, r(14) = −.542, 
p = .045; higher pragmatic scores were associated with faster RT. The correlation of TLC Ambiguous 
Sentences with False belief, Nonverbal load missed significance, r(14) = −.463, p = .09, as did the 
correlation with CELF Core Language, r(14) = −.470, p = .09. False belief RT in the Verbal load 
condition was correlated with False belief RT in the Nonverbal load condition for both groups; ASD, r 
(14) = .597, p = .02; TD, r(14) = .635, p = .007. In the TD group, there were no other significant 
associations, all ps > .25. These findings suggest that within the ASD group, faster, more efficient false 
belief task performance under verbal but not nonverbal load was associated with pragmatic language 
skills.

6.5. Interim summary

Results of a low-verbal false belief dual task paradigm revealed no general false belief deficit in teens 
with ASD with cognitive abilities in the average range compared to their typically developing peers. 
The lack of differences in accuracy is unsurprising given the straightforward nature of the task. RT 
measures were expected to provide a more sensitive index of individual differences in online belief 
reasoning. The ASD group was generally slower across all trials; however, under verbal load, partici-
pants with ASD were significantly slower in the false belief condition.

These results are consistent with two possibilities. First, individuals with ASD may typically rely 
more on explicit, verbal, social-cognitive processes when solving false belief problems (e.g., when 
beliefs conflict with reality) such that performance is impeded when that verbal channel is “occupied.” 
In contrast, their TD peers may utilize fast, implicit, nonverbal social-perceptual processes such that 
even a verbal task load imposes no particular constraint on performance. Correlational findings were 
consistent with this hypothesis; performance on false belief trials under verbal load was associated with 
pragmatic language skills in the ASD group only (it was also weakly associated with structural 

Table 3. False belief RT under verbal and nonverbal load: Correlations with structural and pragmatic language measures, and 
inhibitory control.

False belief RT, 
Verbal load

False belief RT, 
Nonverbal load

TLC ambiguous 
sentences

CELF core 
language

D-KEFS Stroop-like 
inhibition

ADOS 
(ASD)

False belief RT, 
Verbal load

.597* −.542* −0.470± −0.161 0.095

False belief RT, 
Nonverbal load

.635** −0.463± −0.442 −0.157 0.237

TLC ambiguous 
sentences

−0.166 0.292 .577* −0.152 −0.033

CELF core language −0.197 −0.037 0.205 −0.026 −.610*

D-KEFS Stroop-like 
inhibition

−0.042 −0.16 −0.194 −0.299 −0.225

SCQ (TD) 0.026 −0.122 −0.299 −0.179 −0.382

*p < .05 (two-tailed); **p < .01 (two-tailed); ± <.10. 
Correlations are presented above the diagonal for the ASD group and below for the TD group. Standardized measures are presented 

as standard scores. TLC = Test of Language Competence; CELF = Clinical Evaluation of Language Fundamentals; D-KEFS = Delis- 
Kaplan Executive Function Scale; ADOS = Autism Diagnostic Observation Schedule (administered in the ASD Group); SCQ = Social 
Communication Questionnaire (administered in the TD group).
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language skills); false belief performance under nonverbal load was also weakly associated with 
pragmatic language skills.

One potential confound in interpreting these results is that the verbal and nonverbal load tasks 
were differentially demanding. The verbal task may have imposed a greater processing demand; if so, 
and if the ASD group were slightly less efficient in solving false belief problems in general, then one 
would predict a specific decrement in that condition. Study 2 was designed to compare the difficulty of 
the verbal and nonverbal load tasks that were utilized in Study 1.

7. Study 2: Comparison of verbal and nonverbal load tasks

7.1. Participants

Thirty-two undergraduates at the University of Connecticut participated for course credit. All were 
native English speakers without significant visual or auditory impairment.

7.2. Perceptual matching task

To compare the verbal and nonverbal load, we utilized a dual-task methodology (Hegarty, Shah & 
Miyake 2000) in which participants solved a series of visuospatial puzzles while also performing the 
secondary load tasks utilized in Study 1: reciting the days of the week (verbal load) or tapping blocks in 
an ordered pattern (nonverbal load). All participants completed both load conditions.

The primary task was adapted from the Identical Pictures test in the Kit of Factor-Referenced 
Cognitive Tests (Ekstrom et al. 1976). Participants were asked to match a target figure (presented on 
the left side) to one of four figures on the right as quickly and as accurately as possible by pressing one 
of four buttons corresponding with the four fingers of the right hand. The task was programmed in 
SuperLab, and there were 50 trials total. This task is thought to require minimal verbal mediation and 
executive function (Hegarty, Shah & Miyake 2000), but it was challenging and required cognitive 
effort. Participants simultaneously performed the secondary verbal or visuospatial task. Unlike in 
Study 1, participants performed the dual tasks continuously rather than starting and stopping for each 
trial.

Trials were blocked by secondary task (Verbal or Nonverbal), with 25 trials per block and a short 
break between blocks. Participants were randomly assigned to one of two counterbalanced orders 
(Verbal-Nonverbal; Nonverbal-Verbal). Responses were made on a Cedrus RB-740 response pad, 
which has four horizontally arrayed response buttons, similar to the array of presented multiple 
choice items. The experiment was conducted in a quiet room and lasted 20 minutes. Participants 
completed a brief training to familiarize them with the verbal and nonverbal load tasks, which were 
practiced in time to a metronome until they were comfortable. They also practiced pressing the 
response buttons. Before starting the experiment, the participants completed several practice trials 
of the perceptual matching task, first without a secondary load task and then with each load task. 
They were instructed to respond to the perceptual matching task as quickly as possible without 
making mistakes.

8. Results

8.1. Preliminary analyses

Dependent variables (accuracy and RT) were checked for outliers and missing data. As in Study 1, 
outliers, defined as RT of 2.5 SD from the mean and RTs faster than 100 ms, were removed from the 
data. The accuracy data were nonnormally distributed with negative skew (Shapiro Wilk p < .05); 
a reflected logarithmic transformation was applied. RT data were skewed and kurtotic (Shapiro-Wilk 
ps < .05); a logarithmic transformation was applied. After transformations, both measures met 
statistical assumptions. Two-way repeated-measures mixed-model ANOVAs (load x order) were 

10 I.-M. EIGSTI AND C. A. IRVINE



used to test for main and interaction effects of accuracy and RT. Data are presented as geometric 
means (GM), calculated as the back-transformed value of the log, using the product of their values 
(Table 4).

8.2. Accuracy

Mean task accuracy was high (.90, with a range of .68 to 1.00). Analyses revealed no main effect of load, 
F(1,30) = 2.59, p = .19, d = .42, or order, F(1,30) = 1.84, p = .19, d = .49, and no load X order interaction, 
F(1,30) = .78, p = .38, d = .63, suggesting that neither the load task nor the task order affected accuracy 
on the figure matching task.

8.3. Reaction time

We next examined effects of load and order on RT, again using two-way repeated-measures ANOVAs. 
Analyses revealed a main effect of load, F(1,30) = 6.48, p = .04, d = .31, with slower RT under nonverbal 
load (GM = 1880; 95% CI [1734, 2038]) versus verbal load (GM = 1759; 95% CI [1635, 1892]). This 
main effect was qualified by a load x order interaction, F(1,30) = 10.92, p = .005, such that participants 
in the Nonverbal-Verbal order were slower under nonverbal load as compared to verbal load, t 
(31) = −4.23, p < .001, d = .72. There was no load difference in the Verbal-Nonverbal order, t 
(30) = .21, p = .84, d = .12. These results suggest that participants in the Verbal-Nonverbal order 
may have benefitted from practice, which in turn suggests that the verbal load task was not more 
difficult; if anything, it may have been less demanding of cognitive and attention resources than the 
nonverbal load task.

9. Discussion

The current study examined the role of inner speech on false belief performance in 12–17-year-old 
adolescents with high-functioning ASD and TD. Participants responded to nonverbal true and false 
belief videos while performing either a verbal task designed to suppress inner speech or a nonverbal 
tapping task. A second study compared the cognitive load imposed by the verbal and nonverbal tasks.

9.1. Belief reasoning results

Our findings revealed no group differences in accuracy for a theory of mind task. Specifically, there 
was no impairment in the ability to predict where someone might believe an object was, even when 
that belief was incorrect, in adolescents with ASD with cognitive abilities in the average range. This 
finding is consistent with a number of other studies suggesting that when individuals with ASD reach 
a verbal mental age of approximately 9 years, they show mastery of false belief reasoning (Happé 
1995).

Reaction time analyses were expected to provide a more sensitive index of individual differences in 
online task performance, under the assumption that slower responding indicates more effortful 

Table 4. Perceptual matching task performance as a function of secondary load condition 
(verbal versus nonverbal).

Verbal block Nonverbal block

Overall accuracy (proportion) .88 (.07) .84 (.12)
Accuracy: Verbal first, Nonverbal second .86 (.08) .84 (.15)
Accuracy: Nonverbal first, Verbal second .91 (.06) .85 (.09)
Overall RT (ms)* 1794 (357) 1926 (440)
RT: Verbal first, Nonverbal second 1771 (300) 1738 (317)
RT: Nonverbal first, Verbal second* 1820 (421) 2140 (471)

Note. Data are presented as nontransformed (raw) mean scores.
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execution. These analyses revealed that overall, participants with ASD were significantly slower than 
the TD comparison group. This suggests that although participants with ASD generally chose the 
correct ending to the silent videos, they were slower to do so across conditions. This could reflect 
broad motor slowing; it could indicate that this ToM task was generally more effortful; finally, it could 
also indicate that performing a secondary load task, regardless of modality, imposed a greater relative 
burden on the ASD group. We are inclined to find the third explanation most plausible, given the 
literature on dual task performance in ASD (e.g., Garcia-Villamisar & Della Sala 2002), but this 
question cannot be addressed within the current study.

Analyses of RT further indicated a group by belief condition interaction in the Verbal load 
condition only; participants with ASD were slower for false belief relative to true belief trials, whereas 
participants with TD showed the opposite pattern. The within-group comparison of RTs across belief 
conditions provided some support for this analysis, showing a trend toward faster RT in the true belief 
condition in the ASD group only, although this trend did not reach significance. Overall, this result 
suggested that participants in the ASD group struggled more with false belief reasoning compared to 
true belief reasoning.

A correlational RT analysis for both Verbal and Nonverbal load conditions indicated, first, that RT 
across those conditions was correlated; this was fully expected given that the structure of the task was 
identical across conditions. Analyses were conducted separately for ASD and TD groups. Results 
indicated that more efficient (faster RT) on False belief, Verbal load trials was associated with better 
pragmatic language abilities. Associations with a structural language measure, CELF Core Language, 
approached but did not reach significance. In addition, pragmatic language abilities were associated 
with False belief, Nonverbal load RT at a trend level. Associations between belief reasoning RT and 
external measures of language ability in the TD group were not significant; in this group, RT for Verbal 
and Nonverbal conditions was the sole significant correlation. This result suggests that language 
abilities, assessed via external standardized measures, were correlated with online RT measures of 
belief reasoning in youth with ASD but not TD and that this association was most apparent for false 
belief reasoning when the verbal channel was otherwise occupied (e.g., under verbal load conditions).

9.2. Comparing load task difficulty

Given that group differences interacted with belief and load, it was important to test whether the load 
tasks were similarly difficult. Study 2 compared the Verbal and Nonverbal load tasks using a dual-task 
methodology in a sample of 32 college undergraduates. Findings indicated generally slower RT for the 
Nonverbal load condition; further examination of this difference indicated that it held only for the 
group that completed the Nonverbal trials first with no Verbal/Nonverbal RT difference for those 
participants who completed the Verbal trials first. This pattern of results suggests that the Verbal and 
Nonverbal conditions exerted roughly comparable demands on cognitive resources, at least in the 
absence of learning or practice effects. If there was a difference in difficulty, it appears that it was the 
Nonverbal load task that was more demanding than the Verbal task.

The current study is the first to examine true and false belief performance under verbal and 
nonverbal load conditions in ASD. The findings are consistent with correlational reports indicating 
that performance in multiple ToM tasks is associated with language abilities in ASD (Durrleman et al. 
2016; Durrleman & Franck 2015) and that performance of false belief tasks specifically is correlated 
with sentential complements specifically (Durrleman, Hinzen & Franck 2018). These results are 
consistent with the hypothesis that language processing and TOM are more closely linked in ASD 
compared to typical development.

9.3. True versus false belief task performance

ToM is often assessed using false belief paradigms; only false belief presents a contrast between the 
(incorrect) belief and the true state of affairs such that false belief tasks present the optimal means of 
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evaluating belief reasoning. Though false belief trials are seen as the “true test” of ToM, as they do not 
confound reality with a person’s internal representations, true belief trials also require ToM (see 
Forgeot d’Arc & Ramus 2011 for a cogent discussion). This framework is consistent with findings from 
a verbal shadowing task, reported by Forgeot d’Arc & Ramus (2011). As discussed, their results 
indicated that verbal interference impacted performance, with no differences in true and false belief 
conditions; this is also the finding in the current study. These findings are inconsistent with those 
reported by Newton & de Villiers (2007), who found that verbal load specifically disrupted false belief 
performance (42% correct) while sparing true belief performance (91% correct) in typical adults. That 
said, Newton & de Villiers’s results were confounded by lack of clear comparability in task difficulty 
(the verbal task may have been more difficult than the nonverbal task).

9.4. Executive demands of false belief reasoning

False belief reasoning likely exerts a slightly greater demand on executive processing because one must 
presumably inhibit one’s knowledge of the true state of affairs in acknowledging the incorrect belief 
state. As such, the current results could speak to the involvement of executive control processes in 
balancing conflicting ideas as much as to differences in ToM in autism per se. The current study does 
not resolve this possibility; belief task RT was uncorrelated with performance on one executive 
measure (of inhibition) in either group, consistent with some prior research (Durrleman & Franck 
2015). However, the sample size was small, and we did not comprehensively assess multiple types of 
executive processes; for example, the belief reasoning task (tracking the location of Annie and the 
apple, maintaining dual task activity) may have loaded more onto working memory than on inhibitory 
control. Additional research is needed to more fully examine the relationships among language, EF, 
and belief reasoning in ASD.

More broadly, the present findings may highlight difficulties in the application as opposed to 
the representation of false belief. As argued by Bloom & German (2000), selecting the correct 
response on a false belief task requires an individual to override useful heuristics about the 
world. Successful false belief task performance may be related to the ability to inhibit a “default” 
(true) response in favor of the correct (false) response (Leslie, Friedman & German 2004). In 
Newton & de Villiers (2007), participants completed a single trial per false/true belief condition. 
The current study included two true belief and two false belief trials, providing a more robust 
estimate of individual differences in performance (though the difference between one and two 
trials is likely small). Perhaps more importantly, participants completed multiple belief trials in 
succession in a within-subjects design. Though each video was trial-unique, each required the 
participant to attend to whether Annie was present when the Custodian moved the apple. 
Debriefing responses suggested that many participants recognized this consistency and used it 
to facilitate their response. That is, participants across groups reported that, after exposure to 
multiple trials, they learned to memorize the original location of the apple when Annie left the 
room (the signature of the false belief trials), knowing that it would be the correct answer. This 
heuristic may have reduced the impact of verbal interference on task performance for those 
participants who drew on this heuristic as a “short cut” to belief reasoning.

The verbal and nonverbal load tasks also differed across dual load studies. In the current 
experiment, participants said a sequence of words or tapped a sequence of blocks in time to 
a metronome. In contrast, in Newton & de Villiers (2007) participants either shadowed 
a complex verbal narrative or heard a tapping sequence that they repeated by hitting a block 
with a mallet. Pilot testing with these load tasks (generously shared with us by the original 
authors) indicated that participants were simply unable to perform the verbal shadowing task 
while attending to the false belief videos; they reported (and their behavior indicated) that verbal 
shadowing task was subjectively significantly more difficult. Apparently, the cognitive demand of 
the load tasks differed between conditions.
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9.5. Explicit versus implicit ToM representations

Both observational and experimental ToM work suggests that although children younger than age 4 
consistently fail traditional false belief tasks, they do have the capacity to represent the minds of 
others. Young children are capable of attributing goals to other agents (Gergely et al. 1995), 
engaging in pretend play and understanding pretense (Leslie 1994), and imitating the intended 
(but not accidental) actions of others (Meltzoff 1995). O’Neill (1996) found that 2-year-old children 
were more likely to reference a toy and point to its location when their parent was aware of the 
presence of the toy (i.e., witnessed the toy being placed on the shelf) than when the parent was 
unaware. These toddlers altered their behavior according to the knowledge states of others. Studies 
of ToM in 13-month (Surian, Caldi & Sperber 2007) and 15-month (Onishi & Baillargeon, 2005) 
infants report that they looked significantly longer on trials in which an agent searched for an object 
in a location that was correct but inconsistent with the agent’s knowledge (Surian, Caldi & Sperber 
2007). Thus, infants as young as 13 months account for others’ beliefs when predicting behavior, 
suggesting that infants represent at least some aspects of ToM almost two years before passing 
traditional false belief tasks.

The results reported here support the theory of parallel ToM systems: an “implicit” system, which is 
rapid and efficient but inflexible (present in toddlers), and an “explicit” system, which is flexible but 
slow, effortful, and mediated by language (Apperly & Butterfill 2009). Infants and toddlers, and 
potentially even Deaf adults with limited access to a shared linguistic system (Gagne & Coppola 
2017) may rely on the prelinguistic implicit ToM system, not making use of the explicit system until 
the executive (Bialystok & Viswanathan 2009; Leslie, Friedman & German 2004) and language 
functions that support it are in place. Tager-Flusberg (2001) proposed a similar contrast between 
social-perceptive (i.e., implicit) ToM and social-cognitive (i.e., explicit) ToM. In this model, the 
explicit system requires deliberate and effortful engagement, whereas the implicit system is activated 
automatically.

9.6. Does language mediate theory of mind in ASD?

In the current study, the participants with ASD responded more slowly to false belief trials when 
concurrently engaged in a verbal task. Furthermore, in that group, there was an association between 
false belief RT and a pragmatic language measure; faster RTs were associated with greater language 
skill. These findings suggest that stronger language skills in ASD were associated with more efficient 
false belief reasoning, a relationship that was not evident in the TD group. RT correlations with 
another measure of language ability—CELF Core Language—missed significance (at p = .08), likely 
due to limited range and the CELF’s limited sensitivity to individual differences in cognitively able 
individuals. In the current study, the lowest CELF standard score was 93 (well within the average 
range), with a standard deviation of just 10 points (i.e., within the test’s normative SD of 15). The 
restricted range in the CELF may have prevented the detection of relationships; this is particularly 
likely given the magnitude of the correlations (r = .54 for Verbal load, r = .46 for Nonverbal load); 
these are moderate (Nonverbal) to large (Verbal) effect sizes.

Taken together, the RT and correlational results suggest that language is relevant for mediating 
ToM in ASD, consistent with studies showing the use of inner speech to mediate some (but not all) 
cognitive tasks in people with ASD with adequate language (Williams, Happé & Jarrold 2008). The 
current results suggest that linguistic competence has a unique influence such that people with ASD 
rely more heavily on language to reason about beliefs, consistent with findings of a stronger relation-
ship between language level and false belief in ASD as compared to other populations (Durrleman & 
Franck 2015; Fisher, Happé & Dunn 2005; Hale & Tager-Flusberg 2003; Happé 1995; Lind & Bowler 
2009). Whereas typically developing individuals may be able to rely more upon implicit “social- 
perceptive” ToM when solving false belief tasks, people with ASD may reason their way through false 
belief tasks, using deliberate, effortful, explicit “social-cognitive” ToM (Frith 2004; Tager-Flusberg 
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2001). If so, people with ASD may be more dependent upon language to bootstrap false belief task 
performance (Joseph, McGrath & Tager-Flusberg 2005; Tager-Flusberg 2001). In the absence of 
intuitive social-perceptive ToM, complement syntax affords a scaffold for solving false belief tasks 
(de Villiers & Pyers 2002; Lind & Bowler 2009). The explicit ToM system is posited to be a cognitively 
taxing process and to draw more heavily on language. Consistent with this suggestion, language skills 
in this study were correlated with false belief processing among ASD participants. The ASD group was, 
on average, almost a full second slower than the TD group on the belief-reasoning task. While 
generally consistent with other research showing slower processing speed (Mayes & Calhoun 2007) 
and slower reaction time (Schmitz, Daly & Murphy 2007) in ASD, this result is also consistent with 
a slower, explicit, language-driven approach to belief reasoning.

Data from an elegant study examining comprehension of the mental state verb think in 4-year-old 
children suggest that ToM difficulties arise at least in part because of children’s difficulty in under-
standing the pragmatics of sentences; that is, they fail to understand that the focus of a statement is on 
a mental state rather than the reality (Lewis, Hacquard & Lidz 2017). This study was not designed to 
address this interesting possibility, which remains open for further research.

9.7. Reliance on verbal mediation in domains other than ToM

Current findings are inconsistent with several studies showing reduced reliance on inner speech 
during task performance in adults with ASD. For example, a verbal load task caused less performance 
decrement during set-shifting (Whitehouse, Maybery & Durkin 2006) and planning (Wallace et al. 
2009; Williams, Bowler & Jarrold 2008) in ASD compared to TD groups. However, this result is 
consistent with a finding that children with ASD showed impairments in a verbal, but not a nonverbal, 
self-ordered pointing task that seems to rely on verbal mediation (Joseph et al. 2005) and with 
a finding that verbal load led to a decrement in performance of a short-term memory task in ASD 
(Williams, Bowler & Jarrold 2008). Fernyhough (2008) proposed a possible account of this discre-
pancy: Monologic inner speech is critical to linear processes, such as working memory, whereas 
dialogic inner speech (e.g., an internal dialogue between different perspectives held by oneself) is 
critical to the executive functions of flexibility and inhibition. Because ToM involves the simultaneous 
representation of multiple perspectives, one would hypothesize that ToM involves dialogic inner 
speech. This may be particularly relevant in the case of ASD, which is characterized by more limited 
engagement in dialogue as well as by delays in the development of ToM. Of course, the current study 
does not directly address this intriguing hypothesis.

9.8. Limitations and future directions

This study excluded individuals with low-average cognitive and language abilities. Given the complex-
ity of this particular method, this population provided a logical starting point, but necessary next steps 
are to examine ToM processing in individuals with more limited abilities, in part by relying on online 
and implicit response measures. Furthermore, given the small sample size of the current study, the 
current results require replication.

A second limitation concerns the nature of the false belief task, which involves multiple task 
demands including sustained attention to the movies and motivation to participate and to be accurate; 
as such, the current conclusions are necessarily tentative. The repeated-measures experimental design 
presents a related methodological limitation; while the task permitted the comparison of load and 
belief conditions in a within-subjects design, the repetition of multiple belief trials may have impacted 
the task’s sensitivity to individual differences in ToM processing. It is possible that some participants 
utilized a heuristic of memorizing the initial location of the apple when Annie remained in the room, 
which would mean that the task draws on working memory as much or more than belief reasoning. 
The analysis of the first trial results partially addressed this possibility but did not resolve it.
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A third limitation concerns the secondary load tasks. Performance accuracy was not recorded for 
these tasks; it is possible that there were trade-offs between load and belief-reasoning task perfor-
mance. In fact, subjective experimenter impressions indicated that all participants reliably and 
consistently performed the load tasks, but some participants may have sacrificed speed in favor of 
belief task performance in a manner that was not recorded here. Furthermore, while Study 2 suggested 
that the load tasks were of equivalent difficulty, or that the nonverbal load task imposed a slightly 
greater demand, this study was conducted with college students with an unremarkable developmental 
history; it is possible that had we normed the load tasks within an ASD sample the results would differ.

Finally, the correlational findings suggested that pragmatic language abilities were more strongly 
associated with efficiency of false belief reasoning in the ASD group compared to structural language 
measures; however, the CELF may be less useful in indexing individual differences in structural 
language in adolescents with age-appropriate cognitive abilities. Future studies may consider using 
more comprehensive measures of VIQ or more sensitive online language processing measures (see 
Eigsti & Schuh 2016 for further discussion).

10. Conclusions

This study directly examined the relationship between inner speech and ToM in individuals with ASD, 
using a belief-reasoning task depicting human actors in realistic settings. Our finding of a decrement in 
performance for false belief trials under verbal but not nonverbal load, along with an association 
between language abilities and false belief performance in the ASD group only, is consistent with the 
suggestion that ToM involves two parallel systems: an automatic, intuitive, social-perceptive ToM and 
an effortful social-cognitive ToM. Depending on the context, people with ASD may rely more heavily on 
language to bootstrap ToM. The current results suggest that autistic people may rely more on the verbal 
system rather than the intuitive social-perceptive ToM system. This choice does not likely reflect 
a conscious choice; rather, we suggest that for some people, the social-perceptive system is less automatic 
and less accessible; the pathways to this system may be less accessible, whereas access to the verbal social- 
cognitive system may reflect more experience and use (especially if this system was utilized more 
throughout development). This might be akin to what happens when one moves to a new home; 
although one knows the route from work to the new house, when cognitive resources are taxed (e.g., 
because of fatigue or multitasking), one might inadvertently navigate to the old, familiar home location.

If supported by additional research, this finding would inform our conceptualization of ToM 
deficits in ASD. Interventions could explicitly teach a compensatory strategy of relying on inner 
speech to provide a narrative of ToM representations, for example. Results highlight the importance of 
fostering early language skills among children with ASD, which might facilitate the development of 
earlier or more efficient reasoning about other people’s minds.
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