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This paper presents a new toolkit for assessing Theory of Mind (ToM) via

performance in first and second-order false belief (FB) tasks. The toolkit

includes verbal and non-verbal versions of first and second-order FB tasks;

the verbal version is currently available in Greek and German. Scenarios in

the toolkit are balanced for factors that may influence performance, like

the reason for the FB (deception, change-of-location, unexpected content).

To validate our toolkit, we tested the performance of neurotypical adults in

the non-verbal and verbal versions in two studies: Study 1 with 50 native

speakers of German and Study 2 with 50 native speakers of Greek. The

data from both studies yield similar results. Participants performed well in all

conditions, showing slightly more di�culties in the second- than first-order

FB conditions, and in the non-verbal than the verbal version of the task. This

suggests that the task is at the high end of the sensitive range for neurotypical

adults, and is expected to be well inside the sensitive range for children and

populations that have di�culties in ToM. Factors like deception and type of

outcome in the video-scenarios did not influence the behavior of neurotypical

adults, suggesting that the task does not have any confounds related to these

factors. The order of presentation of the verbal and non-verbal version has

an influence on performance; participants beginning with the verbal version

performed slightly better than participants beginning with the non-verbal

version. This suggests that neurotypical adults used language to mediate ToM

performance and learn from a language-mediated task when performing a

non-verbal ToM task. To conclude, our results show that the scenarios in the

toolkit are of comparable di�culty and can be combined freely to match

demands in future research with neurotypical children and autistic individuals,

as well as other populations that have been shown to have di�culties in ToM.

Frontiers in Language Sciences 01 frontiersin.org

Konstanzer Online-Publikations-System (KOPS) 
URL: http://nbn-resolving.de/urn:nbn:de:bsz:352-2-1do1m9s5h16d73

https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://www.frontiersin.org/journals/language-sciences#editorial-board
https://doi.org/10.3389/flang.2022.1052095
http://crossmark.crossref.org/dialog/?doi=10.3389/flang.2022.1052095&domain=pdf&date_stamp=2023-01-09
mailto:t.marinis@uni-konstanz.de
https://doi.org/10.3389/flang.2022.1052095
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/flang.2022.1052095/full
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org


Marinis et al. 10.3389/flang.2022.1052095

Di�erences between baseline and critical conditions can be assumed to reflect

ToM abilities, rather than language and task-based confounding factors.

KEYWORDS

autism, Theory of Mind, false belief, verbal, non-verbal, adults, first-order, second-

order

1. Introduction

Theory of Mind (ToM) is the mental ability which allows

people to understand that other people have beliefs, desires

and intentions that differ from their own, and to predict

ensuing behaviors (Premack and Woodruff, 1978; Flobbe et al.,

2008). ToM is characterized as a multi-component ability

that includes social understanding, emotional mental state

recognition, perspective taking, and sarcasm. Thus, it strongly

influences the quality of people’s communication, as it provides

individuals with an implicit social “know-how” that allows them

to negotiate everyday social interactions. The ability to negotiate

the mental domain may, in turn, enable empathic exchanges

and joint goal-directed activity that promotes communication

and social competence in general. Furthermore, ToM is a

multifaceted process that encompasses the collaboration of

a variety of cognitive functions, such as attention, working

memory, and language comprehension, and relies on the

operational development of the brain (Korkmaz, 2011). ToM

skills start from a child’s reasoning from their own point of

view to taking into consideration another person’s beliefs (first-

order), and later to taking into consideration another person’s

beliefs about other person’s beliefs (second-order) (Wellman and

Liu, 2004).

ToM deficits have long been regarded as one of the

most disabling features in Austism Spectrum Disorder (ASD),

a neurodevelopmental disorder that includes difficulties in

communication and social interaction. Autistic individuals

demonstrate deviations between the perception of their own

knowledge and that of others (Baron-Cohen et al., 1985), a fact

that leads to poor performance in ToM tasks (Zelazo et al., 2002;

Andreou and Skrimpa, 2020). Although correlations have been

found between their performance in ToM tasks and their social

competence, individuals within the spectrum have been shown

to have difficulties in implementing ToM within social contexts,

despite the fact that they can regenerate thoughts, beliefs

and intentions in ToM tasks (Begeer et al., 2011; Chevallier

et al., 2014). Multiple lines of evidence point to difficulties in

representing mental states in autism. Autistic children have been

shown to have difficulties in ToM tasks that tap into other-

referential cognition (Bodner et al., 2015) which may underpin

social functioning and communication deficits. Studies have also

shown that autistic adults can have challenges in responding to

inference questions about others’ mental states when processing

pragmatically complex social scenarios (Heavey et al., 2000;

Lönnqvist et al., 2017) or they tend to engage less in inferring the

broader meaning of social events when telling narratives (Barnes

and Baron-Cohen, 2012).

Despite extensive research on topics of social cognition in

autistic individuals, investigations targeting the vulnerability

of this population to deception detection have largely relied

on the assessment of first-order ToM tasks. Turning to child

studies, unexpected change of location and unexpected change

of contents have so far been the most extensively studied

constrained situations designed specifically to elicit false belief

(FB) attribution in younger autistic children (Baron-Cohen

et al., 1985; Andreou et al., 2020; Baldimtsi et al., 2021; Peristeri

et al., 2021; Durrleman et al., 2022a).

The Sally-Ann task (Wimmer and Perner, 1983) has been

a standardized way of assessing first-order ToM of autistic

individuals in an explicit manner.1 In this task, Sally leaves her

marble in the basket not having witnessed the fact that Ann has

put it in the box, while Sally was out of the room. The right

answer to the question of where Sally will look for her marble

is the marble’s original location (the basket). Autistic children

face difficulties with this task and respond that Sally will look

for the marble in the box and not in the basket. This difficulty

demonstrates a genuine inability to understand that other

people have different beliefs from their own (Baron-Cohen,

1995). Mentalizing abilities and deviations in both neurotypical

and autistic individuals have typically been investigated using

similar versions of the image- or puppet-based Sally-Anne

task, whereby holding a FB about an event in the world has

a mnemonic advantage over holding a FB about someone

else’s belief (i.e., second-order ToM), the latter representing

higher-order recursive mentalistic reasoning (Lecce et al., 2014;

Arslan et al., 2017). Moreover, first-order ToM tests have often

employed static, non-interactive images and puppets, thus,

1 In the present study, we restrict our scope to explicit ToM tasks,

namely, tasks that require an explicit response, in contrast to implicit

ToM tasks, e.g., tasks using eye-tracking. This is because explicit tasks

can be used in clinical and educational settings because they are easier

to administer and analyze. Implicit tasks are mainly used for research

purposes because they require lengthy data analyses to evaluate success

in ToM.

Frontiers in Language Sciences 02 frontiersin.org

https://doi.org/10.3389/flang.2022.1052095
https://www.frontiersin.org/journals/language-sciences
https://www.frontiersin.org


Marinis et al. 10.3389/flang.2022.1052095

neglecting the complex and dynamic character of the real world,

which involves extracting information from incoming sensory

input, developing predictions regarding the timing of upcoming

events, and flexibly updating predictions based on the behavior

of real-life agents.

The new online toolkit for assessing ToM fills this gap by

addressing both first- and second-order FB attribution abilities,

using interactive, real-life scenarios depicted through video

stimuli. In this manner, the toolkit is suitable to investigate

basic-level/first-order as well as advanced/second-order ToM

skills in neurotypical and autistic individuals, as well as other

populations with vulnerabilities in social interactions.

1.1. The role of language in ToM

The interface between ToM and language perception and

production appears to be bidirectional. On one hand, the

emergence of ToM enables language development at an early age

(Nelson, 2005); on the other hand, language skills (in terms of

lexicon, morphosyntax, and pragmatics) promote ToM abilities

(Harris et al., 2005; Milligan et al., 2007; Andreou et al., 2020;

Durrleman et al., 2022b), as indicated by children’s performance

in FB ToM tasks. More specifically, language ability, including

vocabulary and morpho-syntactic skills, has been shown to

be a powerful predictor of ToM performance in neurotypical

children (de Villiers and de Villiers, 2014). In particular, syntax

seems to be a significant component in the attribution of beliefs

and the development of ToM; especially, embedded syntax [e.g.,

Sally thinks (that the ball is in the basket)], which is also often

used in FB tests, mostly due to the inclusion of verbs that reflect

beliefs ormental states of the agent in themain clause (de Villiers

and de Villiers, 2009). The aforementioned studies show that

language competence expressed in either syntactic embedding or

knowledge of the factivity semantics of mental terms correlates

with neurotypical children’s ToM reasoning.

Autistic children have been reported to present delays in

language acquisition as well as difficulties within the domains

of pragmatics and prosody (Lord et al., 2004; Roberts et al.,

2004; Chevallier et al., 2010; Diehl et al., 2015, among others).

At the same time, they have been found to perform poorly

at ToM tasks since Baron-Cohen et al. (1985). Research on

language as a predictor of social cognition difficulties in

autistic children argues that individuals in the spectrum can

often benefit from specific components of language, such as

morphosyntax, in order to adequately perform in ToM tasks,

i.e., they build upon morphosyntactic experience as an adaptive

means of scaffolding ToM, and specifically, FB reasoning

(Happé, 1995; Tager-Flusberg, 2000; Durrleman et al., 2022b).

This mechanism comprises the computation of FB attributions

which compensates for the deficient mental representations of

the perspectives of others. However, the overwhelming majority

of studies that have explored ToM skills in autistic children

have been conducted in English; there is thus a shortage in

the availability of data from autistic children speaking other

languages than English, as well as in the availability of tools

measuring ToM in languages other than English.

1.2. Low-verbal ToM tasks in autism

Besides the lack of studies of ToM in autism in languages

other than English, what has been confounded in previous

research is the ability to tease apart autistic individuals’ ToM

skills and their language competence. Although language delays

in autism have provided researchers with the opportunity

to test for possible correlations between ToM and language

competence, the fact is that it is very challenging to find sets of

measures that purely tap into ToM and yield sufficient variance.

This is because the most frequently used ToM measures either

require an advanced vocabulary (e.g., Norbury and Bishop,

2003; Peristeri et al., 2017) or involve comprehension of verbal

scenarios of around 100 words (e.g., Sally Anne test; Wimmer

and Perner, 1983). This burdens language comprehension,

verbal short-term and working memory, and further asks

participants to formulate responses to fairly complex questions

(e.g., When Sally returns, where will she look for her marble?).

Difficulties to perform well in these tasks could be related to the

participants’ verbal rather thanmentalizing ability or to the large

heterogeneity that characterizes individuals with autism (e.g.,

Roberts et al., 2004; Andreou and Skrimpa, 2022).

Few studies to date have attempted to tease apart these

factors in children by using low-verbal ToM experimental

paradigms. Peristeri et al. (2021) tested first-order ToM skills

in 7- to 15-year old monolingual and bilingual autistic children

through an online low-verbal task comprising 19 cartoon-based

video scenarios (adapted from Forgeot d’Arc and Ramus, 2011).

Each scenario involved a change that was witnessed or not by a

main character/protagonist. Each participant had to decide with

a Yes/No response about the appropriateness of the scenario’s

ending, which in half of the trials aligned with the belief of

the main character (which was different from the participant’s).

Control items involved deciding on the appropriateness of the

scenario’s ending due to change in the physical world (i.e.,

causal relations). Despite the low-verbal format of the task,

Peristeri et al. (2021) found that monolingual autistic children

exhibited lower accuracy in attributing FB to the character

of the scenario as compared to their age- and SES-matched

bilingual peers, although they performed well on control items.

Durrleman et al. (2016) also tested first-order FB skills via

a low-verbal task. The study involved a picture-sequencing-

task (adapted from Baron-Cohen et al., 1985) administered

to children with ASD from 6 to 14 years old. In order to

arrive at the correct sequence for the critical test-items, children

had to understand intentions and reactions of a character in

relation to their FB, while successful performance on control
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items again depended on children’s grasp of causal relations.

As in the study by Peristeri et al. (2021), children found causal

sequences easier than the sequences involving belief reasoning.

Interestingly, the ability to succeed on the latter was related

to the children’s linguistic skills, and in particular on their

mastery of embedded propositions, along the lines of that found

by Hollebrandse et al.’s (2014) for younger neurotypicals with

a more complex ToM task. Indeed, in Hollebrandse et al.

(2014), 6-to-9-year-old neurotypical children were administered

not only first- but also second-order verbal ToM tasks with

stories and corresponding low-verbal ToM tasks whose stimuli

included short video clips. According to their findings, while

children managed to perform near-ceiling level in first-order

ToM tasks irrespective of the type (verbal vs. non-verbal) of

the stimuli, a clear performance advantage was observed for the

verbal (vs. non-verbal) second-order ToM tasks. According to

Hollebrandse et al. (2014), these findings provide evidence that

language may act as a facilitator of advanced ToM reasoning

by providing a means for hierarchically embedding propositions

within other propositions which is, in turn, isomorphic to the

children’s ability to embed other agents’ mental representations

into their own.

The aforementioned low-verbal ToM paradigms have been

useful in paving the way for designing less word-heavy measures

of second-order FB attribution skills. However, limitations

continue to exist, since studies by Peristeri et al. (2021) and

Durrleman et al. (2016) included first-order ToM scenarios only,

while Hollebrandse et al.’s (2014) low-verbal second-order ToM

tasks involved questions (e.g., “What does Sam think they are

selling at the bake sale? What will Maria say to the mailman?”)

that may have burdened children’s mentalizing performance.

The current study addresses these limitations by proposing a

comprehensive toolkit that tests first- and second-order ToM

in the absence of language demands, while at the same time

providing the possibility to test ToM skills in a parallel way in

the verbal modality.

2. The aims of the new toolkit

To address the gaps and shortcomings of the existing tasks

measuring ToM, our first aim was to develop a comprehensive

toolkit that tests first- and second-order ToM in a task that

uses minimal language for instruction and no language while

performing it. Therefore, the task can be appropriate not only for

individuals with high but also for those with low verbal abilities.

Given that no non-verbal tool is available for the assessment of

second-order ToM, there was a clear need for developing such

a tool. To be able to compare first with second-order ToM, the

toolkit should have a first and a second-order version in a similar

format so that the two are directly comparable.

As mentioned already, assessing FB ToM involves different

scenario types (e.g., change of location/unexpected content and

deception/non-deception), but these types are often not equally

represented in the existing tasks. To address this shortcoming,

the second aim of the toolkit was to include an equal number

of scenarios for each one of the relevant FB types, i.e., change

of location/unexpected content and deception/non-deception.

Importantly, we have included a good number of scenarios for

each type (see Methodology for a description of the types). This

enables us to evaluate how people react to different scenario

types and the extent to which the reason for FB reasoning affects

ToM performance across diverse experimental populations.

Including a large number of scenarios also enables us to take

out scenarios that may be problematic, and will allow future

researchers who use the toolkit to select the scenarios that they

consider more appropriate for their studies.

The third aim was to create a toolkit that would be

appropriate for both adults and children, so that it can be of

use to a variety of researchers and/or clinicians, who may need

background assessments of ToM or deeper insights into the

language and cognitive skills of different ranges of participants.

The toolkit may be valuable for researchers testing not only

autistic individuals, but also populations whose language and

ToM skills may be impaired, such as brain-damaged individuals

(Balaban et al., 2016) and individuals with mental disorders,

such as schizophrenia (e.g., Frith and Corcoran, 1996).

Last but not least, we aimed at designing the toolkit for

speakers of more than one language other than English in order

to make it accessible to a larger number of people as well as to

multilingual speakers. To this end, we created the toolkit for

German and Greek speakers. Whilst developing the material,

we took into consideration a number of cultural similarities and

differences the two languages and cultures share, and this makes

the toolkit appropriate for two European societies that differ in

various ways. Therefore, it is expected that the tool can be easily

adapted to other languages and cultures that are similar to either

one of the two.

3. The toolkit

The toolkit consists of a non-verbal and a verbal ToM

task investigating first- and second-order FB ToM using short

video clips and is inspired by Forgeot d’Arc and Ramus (2011).

Ninteen scenarios were created, three of which were used for

practice and 16 for the main part.

3.1. Types of scenarios

Half of the scenarios in the main task involved an

unexpected content and weremodeled according to the Smarties

task (Wimmer and Perner, 1983). The other half involved a

change of location and were created according to the Sally-Ann

task (Baron-Cohen et al., 1985).
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TABLE 1 Types of scenarios in the main task.

Scenarios with deception Scenarios without deception

Scenarios with unexpected
content

Scenarios with change of
location

Scenarios with
unexpected content

Scenarios with change of
location

Scenario 1:

Egg

Scenario 5:

Plants

Scenario 9:

Bottle

Scenario 13:

Scarf

Scenario 2:

Smarties

Scenario 6:

Hide and seek

Scenario 10:

Dry pen

Scenario 14:

Sandwich

Scenario 3:

Pencil case

Scenario 7:

Papers to glue

Scenario 11:

Pizza box

Scenario 15:

Lemonade

Scenario 4:

Schoolbag

Scenario 8:

Toys

Scenario 12:

Socks and pencils

Scenario 16:

Toy cars

In the scenarios of the type “Unexpected content” there

is a change in the scene so that a familiar container (e.g., a

pencil case in Scenario 3 “Pencil case”) contains an unexpected

content (e.g., chocolate eggs instead of pencils). In scenarios

of the type “Change of location,” an object (e.g., a plant in

Scenario 5 “Plants”) is moved from its original location (e.g.,

right on the table) to another location (e.g., left on the table)

so that it is no longer in its original location. In half of

the scenarios, the change of location or the source of the

unexpected content was motivated by deception, whereas in the

other half there was no deception. Scenarios with deception

have been shown to be easier than scenarios in which the

change is not motivated by an intentional deception because

deception enables participants to adopt the perspective of the

deceived person and to recognize that they hold a FB (Wellman

et al., 2001). The manipulation of deception/no deception

and unexpected content/change of location gave rise to four

scenarios by type, as illustrated in Table 1. Based on these

scenarios, short (1-to-2min) video clips were created with real

people in locations within a house.

3.2. Structure of the video clips

The video clips had the same structure. In all of them

there is an “outer” scene with a person (“observer”) sitting on

a chair in front of a TV screen, watching an “inner video.”

The TV screen shows the “inner” video sequence. Each “inner

video” includes two actors (“actor1” and “actor2”) who act-

out the scenario. Each “inner video” is composed of four

phases: beginning, change, suspense, and an end, as shown in

Table 2.

Phase 1 (the beginning phase) sets up the scene and

introduces actor1. Actor1 starts to perform an action but is

interrupted and leaves the scene. For example, in Scenario 15

(“Lemonade,” shown in Table 2), Nick (actor1) enters the kitchen

takes a bottle of lemonade but he realizes that he doesn’t have

a bottle opener. He puts the lemonade on a cabinet and leaves

the kitchen to look for one. In Phase 2 (the change phase),

Anna (actor2) enters the room and sees the lemonade on the

cabinet. She puts it into the fridge and leaves the room. In

Phase 3 (the suspense phase), actor1 re-enters the kitchen ready

to perform the action he started in Phase 1. In Scenario 15,

Nick comes back with a bottle opener in order to open the

lemonade. In Phase 4 (the end phase), the scene freezes and two

alternative endings are presented in the form of two thought

bubbles that pop up over the head of the actor1 (for first-order)

or the observer (for second-order). The two thought bubbles

illustrate two possible actions actor1 may perform next. One

will be the appropriate, depending on whether or not actor1 (for

first-order) and the observer (for second-order) have witnessed

the change. In Scenario 15, one thought bubble shows Nick

going toward the cabinet, while the second shows Nick opening

the fridge. In the end phase, participants had to select the

appropriate ending for the story by clicking with the mouse on

one of the two thought bubbles.

3.3. Conditions

To address first- and second-order ToM in each of the

16 scenarios, six different versions of each video clip (six

conditions) were created: two first-order video clips (Condition

1 and 2) and four second-order video clips (Condition 3–

6). Depending on each condition, different characters of the

scenarios (observer, actor1) were present or absent during

the second phase (Change). This gives rise to two control

conditions (Condition 1 and 3), two experimental conditions

(Condition 2 and 5), and two fillers (Condition 4 and 6; see

Table 3).

In Conditions 1 and 3, the change is witnessed by the

observer and by actor1. These are the control conditions that

test True Belief (TB). Condition 1 controls for the participants’

ability to attribute a TB to actor1. This means that the
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TABLE 2 Structure of each video clip with four phases.

Phase 1: Beginning Phase 2: Change Phase 3: Suspense Phase 4: End

TABLE 3 Conditions.

Condition First-order Second-order

1 2 3 4 5 6

Type Control (TB) Experimental (FB) Control (TB) Filler Experimental (FB) Filler

Observer Seen Seen Seen Seen Unseen Unseen

Actor1 Seen Unseen Seen Unseen Seen Unseen

participants have the same belief as actor1 about what is expected

to happen next in the scenario. Condition 3 controls for the

participants’ ability to attribute a TB to the observer. This means

that the participants have the same belief as the observer about

what is expected to happen next in the scenario. In Condition

2, the change is witnessed by the observer, but it is unseen

by actor1; this experimental condition tests first-order FB, and

more specifically, the participants’ ability to attribute a FB to

actor1, i.e., that the participants have a different belief than

actor1 about what actor1 is expected to do next. In Condition

5, the change is unseen by the observer and seen by actor1; it

is an experimental condition that tests second-order FB, and

more specifically the participants’ ability to attribute a FB to the

observer who in turn attributes a TB to actor1. This means that

the participants have a different belief than the observer about

what they think actor1 is expected to do next. Conditions 4 and

6 are fillers that were created to balance the design. In Condition

4, the change is seen by the observer and unseen by actor1. In

Condition 6, the change is unseen by both the observer and

by actor1.

3.4. Non-verbal and verbal task

A non-verbal and a verbal version were created for each

video clip that gave rise to a non-verbal and a verbal task.

In the non-verbal task, there was no language throughout the

task. The video clips were presented silently; the end phase was

also silent and the participants had to select the correct ending

of the story by clicking on one of the two thought bubbles.

Written instructions were presented only at the beginning of

the task, guiding participants to watch video clips and select the

correct end of the story (see the Procedure below). The same

instructions were also presented in the verbal task. However, in

the verbal task the video clips were accompanied by narration

in German or Greek. In both languages, the narration included

sentences of low linguistic complexity so that it would be

easy to comprehend by individuals with language deficits, such

as autistic children (Burnel et al., 2018). As such, narration

included high-frequency vocabulary (avoiding mental state

words) (Tager-Flusberg and Sullivan, 1994), present tense verbs

(Roberts et al., 2004), main clauses (Durrleman and Delage,

2020), and proper names (Durrleman et al., 2016; Terzi et al.,

2016). The test question at the end of the video clips in the

verbal version included a temporal marker (“now”/“first”), as in

Durrleman et al. (2016), to ensure that participants are asked

what they think actor1 will do next, not what actor1 should do

next (Siegal and Beattie, 1991).

3.5. Experimental lists

The 16 experimental scenarios in the six conditions gave

rise to 96 non-verbal and 96 verbal video clips (total 192 video

clips). These were divided into eight non-verbal and eight verbal

lists. Each list included each scenario only once (16 scenarios),

two video clips for Condition 1 and 2, and three video clips for

Conditions 3, 4, 5, and 6.

3.6. Material creation

The video clips were created in private households by six

people naive to acting and were filmed with the camera of a

mobile phone. Care was taken to create a minimal background

in each video clip by including only objects that were necessary

for the story and by avoiding using objects that could distract

the attention of the participants. The verbal narrations for both
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German and Greek were recorded by male native speakers of

German and Greek, respectively. The German narrations were

recorded with a microphone connected to a computer in a quiet

room. The Greek narrations were recorded in a sound isolating

booth of the PhonLab at the University of Konstanz (LingLabs).

The video clips were edited and cut with Audacity and stored

as .mp3 files. The video clips as well as the narrations were then

edited and cut with DaVinci Resolve 17.2 and stored as .mp4 files

at a resolution of “720× 480 NTSC DV.”

3.7. Procedure

The tasks were created and hosted on the online platform

“Gorilla Experiment Builder” (Anwyl-Irvine et al., 2019). For the

clips to run smoothly on “Gorilla,” the resolution level was set to

low, but this did not affect the high quality of the video clips.

Participants performed the tasks at home on their computer or

laptop at a convenient time in two sessions that took place 1

week apart. Participants were randomly assigned to one of two

groups: Group A was assigned a list of non-verbal video clips

in the first session and a list of verbal video clips in the second

session; Group B was assigned a list with verbal video clips in the

first session and non-verbal video clips in the second session.

In the first session, participants were first informed about the

content and the procedure of the first session and were asked

to check whether they met the criteria for participating in the

study. After agreeing to the general conditions, they filled out

a short questionnaire about their demographic and linguistic

profile. Then they were given short verbal instructions about

what they had to do in the experiment: they were asked to watch

short video clips (with or without narration, depending on the

version) and to decide on the correct answer about what actor1

would logically do after the end of each video clip (in Conditions

1 and 2) and what the observer thinks actor1 would logically do

first after the end (in Conditions 3, 4, 5 and 6), by choosing one

of the two thought bubbles that were provided. They were asked

to make this decision as quickly and as correctly as possible. To

familiarize themselves with the task, participants were presented

with three practice video clips (all in Condition 1). Participants

were able to take a break after half of the video clips. After the

end of the task, participants were asked to report any technical

or content-related difficulties that they faced during the task. In

the second session, participants completed the other version of

the task (verbal or non-verbal) but were assigned a different list

to ensure that they did not watch exactly the same condition of

each scenario. Each session lasted∼30 min.

3.8. Scoring and analyses

Participants’ answer accuracy (correct answer when clicking

on the correct thought bubble, incorrect answer when clicking

on the incorrect thought bubble) were automatically recorded

via the platform “Gorilla”. The answers indicating the accuracy

scores were recorded as correct (1) or incorrect (0).

Since we used a number of different scenarios and lists,

it was important to investigate first if participants performed

differently in the individual scenarios and lists. To do that

we first conducted descriptive statistics to compare scenarios

and lists with each other (see sections 4.2.1, 4.2.2, 5.2.1, and

5.2.2). These analyses were followed by a series of generalized

linear mixed models to address effects of the data variables we

manipulated in the task, i.e., order (first/second), belief (TB/FB),

scenario types (motivation and type of change), presentation

type (verbal/non-verbal), as well as differences between the order

of presentation of non-verbal and the verbal task, i.e., group

(group A = non-verbal first/group B = verbal first; see section

4.2.3 and 5.2.3).

The data from the German and Greek participants were

analyzed separately in Study 1 (German data) and Study 2

(Greek data).

4. Study 1: German data

4.1. Participants

Fifty neurotypical native German-speaking adults (mean age

= 27.64, SD = 4.32; age range: 19–35; 25 male, 25 female)

participated in Study 1. Participants were naive to the aim of

the experiment. All participants grew up with German as the

only language before the age of six and reported no history

of language or cognitive delays/impairments, and no history of

autism diagnosis. Participants were recruited through personal

and academic contacts, through the university’s participant

recruitment platform “SONA” and through Prolific. Participants

received monetary compensation for their participation (10

Euros), with the exception of 22 participants recruited through

personal contacts. The research was approved by the Research

Ethics Committee of the University of Konstanz (Ethics

approval number: 05/2021). Participants gave written informed

consent before taking part in the study. All participants had an

average correct answer rate of 60% or higher.

4.2. Results

4.2.1. Results for individual scenarios

The proportion of correct answers to each individual

scenario is depicted in Figure 1, with numbers given in

Supplementary Table 1.2

2 Note that since each participant saw only one instance of each

scenario, there are no mean values or standard deviations across

participants for scenarios. We are providing the proportion of correct

answers for each scenario instead as an indication of scenario di�culty.
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FIGURE 1

German data, proportion of participants who gave accurate

answers for each scenario. Proportions of accurate answers for

the verbal and non-verbal versions of the task are depicted side

by side.

Performance was close to ceiling, with most scenarios

receiving correct responses in above 80% of the cases. This was

expected, since the task was meant to not pose any difficulty to

neurotypical adults. The only exception was scenario 5, which

had a mean accuracy rate of 70% for the verbal version, and

76% for the non-verbal version. Since the mean accuracy rate for

this scenario was below 75%, we removed this scenario from all

further analysis and also removed it from the toolkit. Both verbal

and nonverbal versions had high reliability. Cronbach’s alpha

for the scenarios in the four experimental conditions (first-order

TB, first-order FB, second-order TB, and second-order FB) was

for the verbal version 0.811, for the non-verbal version 0.883,

and for the combined verbal and non-verbal version 0.845.

4.2.2. Results for individual lists

Mean correct answer rates across participants for

each list are depicted in Figure 2, with numbers given in

Supplementary Table 2. Mean correct answer rates were well

above 80%, indicating that no particular list was remarkably

more difficult than the others.

4.2.3. E�ects of the variables manipulated

In the following, we describe and monitor the influence of

different manipulated variables on participant responses in the

critical conditions (excluding the fillers for statistical analysis),

using a series of generalized linear mixed models. Models were

built using the glmer function of the lme4 package (Bates et al.,

2015) in R (Core Team, 2021; family set to binomial, nAQG set

to 0). We ran three different analyses exploring the effects of

condition, scenario and group on accuracy of performance.

In the first analysis, we monitored the influence of

different conditions on answer accuracy. For this, we defined

the factors ORDER (first/second) and BELIEF (TB/FB) to

FIGURE 2

German data, mean accuracy rates for each list across

participants. Accuracy rates for the verbal and non-verbal

versions of each list are depicted side by side.

address the influence of different conditions, and added the

factor PRESENTATION MODE (verbal/non-verbal). In the

second analysis, we monitored the influence of different

scenario types on answer accuracy; we defined the factors

MOTIVATION.CHANGE (deception/no deception) and

OUTCOME.CHANGE (unexpected content/unexpected

location), again adding PRESENTATION MODE to the factors

of the analysis. In the third analysis, we monitored the influence

of the participant group, i.e., whether the verbal or non-verbal

version of the task was presented first. For this analysis, we

defined the factors GROUP (group A = non-verbal first/group

B= verbal first) and PRESENTATIONMODE.

Since one of the research questions of the current

study is to investigate the extent to which the modality

of the task (verbal vs. non-verbal) affected performance

accuracy, the factor PRESENTATION MODE was included

in each model. Interactions were resolved hierarchically.

Specifications for individual models are given below. Packages

used for data preparation, analysis and plotting are given

in the Supplementary Appendix. We only report statistically

significant effects unless explicitly stated otherwise.

4.2.3.1. Accuracy rates for conditions; the influence of

order and belief

A graphic depiction of mean rates of correct answers per

condition is given in Figure 3. An overview of the mean correct

answer rates per condition is given in Supplementary Table 3.

Accuracy measures in the verbal and non-verbal version

of the task were high across all conditions, with the lowest

mean accuracy rate being at 65% (2nd order FB, non-verbal

version). Descriptively, accuracy rates were lower for FB than TB

conditions; this applied to the non-verbal task for both first- and

second-order conditions, and to the verbal task for 2nd order

conditions only. The drop in answer accuracy for FB relative to
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FIGURE 3

German data, mean percentage of correct answers per condition across participants. The left panel shows data for the verbal version, the right

panel shows data for the non-verbal version. Error bars depict the standard error of the mean across participants.

TB conditions was more pronounced in the non-verbal than in

the verbal version.

To assess how accuracy rates were influenced by condition,

and more specifically by truth, order of beliefs, and the

version of the task, we analyzed answers using Model 1

(fixed effects for this model and follow-up models are in the

Supplementary Table A.1). We specified the main effects and

full interactions of ORDER, BELIEF and PRESENTATION

MODE as fixed effects, and participant and scenario as

random intercepts. PRESENTATION MODE was specified as a

random slope for both participant and scenario; for participant,

additional random slopes were the main effects and interactions

of ORDER and BELIEF. There were main effects of ORDER (z

= 2.46, p < 0.05) and PRESENTATION MODE (z = −2.34,

p < 0.05), showing overall higher accuracy for first- compared

to second-order and for the verbal compared to the non-verbal

version. There was also an interaction of ORDER and BELIEF

(z = −2.27, p < 0.05). To resolve the interaction of ORDER

and BELIEF, we pursued the main effect of BELIEF separately

for both levels of ORDER (Model 1a), and the main effect of

ORDER separately for both levels of BELIEF (Model 1b). The

simple main effect of BELIEF was significant for second-order

conditions (z = −2.73, p < 0.01), showing higher accuracy

in TB compared to FB but not for first-order conditions (p

> 0.7). The simple main effect of ORDER was significant for

FB conditions (z = 2.28, p <0.05), showing higher accuracy

in first- compared to second-order but not for TB conditions

(p > 0.4). While the lower answer accuracy for non-verbal

relative to verbal versions of the task led to a significant

influence of the factor PRESENTATIONMODE, interactions of

PRESENTATION MODE with the other factors did not reach

statistical significance. This suggests that the non-verbal version

of the task was generally more challenging for the participants

than the verbal version across conditions.

4.2.3.2. Accuracy rates for scenario types; the influence

of motivation and type of change

In the stimulus list, we carefully balanced scenario types,

i.e., the motivation and type of change depicted in the videos. A

graphic depiction of mean rates of correct answers per scenario

type is illustrated in Figure 4. An overview of the mean correct

answer rates per scenario type is given in Supplementary Table 4.

The influence of the factors MOTIVATION.CHANGE,

OUTCOME.CHANGE and PRESENTATION MODE

was analyzed in Model 2. We specified the main effects

and full interactions of MOTIVATION.CHANGE,

OUTCOME.CHANGE and PRESENTATION MODE as

fixed effects, and participant and scenario as random

intercept. For participant, the main effects and interaction

of MOTIVATION.CHANGE and OUTCOME.CHANGE and

the main effect of PRESENTATION MODE were specified

as random slope. For scenario, PRESENTATION MODE was

specified as random slope. An overview of the fixed effects for

Model 2 is given in the Supplementary Table A.1. There was a

marginally significant main effect of PRESENTATION MODE

(z=−1.91, p< 0.06), since rates of correct answers were slightly

higher in the verbal (mean across scenario types = 93%) than

in the non-verbal version (mean across scenario types = 90%).

No main effects or interactions of MOTIVATION.CHANGE

or OUTCOME.CHANGE were found, and no significant

differences emerged between scenario types, indicating that

participants’ performance was not affected by these factors.
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FIGURE 4

German data, mean percentage of correct answers per scenario type across participants. The left panel shows data for the verbal version, the

right panel shows data for the non-verbal version. Error bars depict the standard error of the mean across participants.

FIGURE 5

German data, mean percentage of correct answers per group

across participants, verbal and non-verbal version. Error bars

depict the standard error of the mean across participants.

4.2.3.3. Accuracy rates for participant groups; the

influence of the presentation order of task versions

Each participant was tested on both the verbal and the non-

verbal version of the task. Half of the participants (Group A)

were tested on the non-verbal version first, the rest (Group B) on

the verbal version first. An illustration of mean rates of correct

answers per scenario type is provided in Figure 5. An overview

of the mean correct answer rates per group for both versions of

the task is provided in Supplementary Table 5.

The influence of the factors GROUP and PRESENTATION

MODE was analyzed in Model 3. We specified the main effects

and interaction of GROUP and PRESENTATION MODE as

fixed effects, and participant and scenario as random intercepts.

The main effect of PRESENTATION MODE was specified

as random slope for participant, and the main effects and

interaction of GROUP and PRESENTATION MODE were

specified as random slope for scenario. A full table of the fixed

effects for the model is given in the Supplementary Table A.1.

There were statistically significant main effects of GROUP (z =

−2.64, p < 0.01) and PRESENTATION MODE (z = −2.65, p

< 0.01). Correct answer rates were higher in the verbal (mean

= 88%) than in the non-verbal version (mean = 85%), and

higher for Group B (verbal first, mean= 89%) than for Group A

(non-verbal first, mean= 84%).

4.3. Summary of results

In one of 16 scenarios (scenario 5), participants consistently

performed worse than in the others. This scenario was excluded

from all subsequent data analyses and will not be included

in the final version of the toolkit. Performance did not differ

across lists, indicating that the remaining scenarios were similar

in difficulty, even when presented in different combinations

and conditions. A comparison between the different conditions

revealed that for second-order beliefs, FBs were more difficult

than TBs. For first-order beliefs, the difference between FBs

and TBs did not reach significance. Performance in the non-

verbal task was worse than in the verbal task; however, it

was considerably above chance even in the most difficult

conditions (second-order FB). Descriptively, the differences

between conditions had the same direction, but were more

pronounced in the non-verbal than in the verbal task. There was
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no influence of scenario type, indicating that for neurotypical

adults, scenarios without deception were not any more difficult

than scenarios with deception. There was an influence of the

order in which the two versions (i.e., verbal vs. non-verbal) of the

task were shown. Participants who had seen the verbal version

first performed better than participants who had seen the non-

verbal version first. While accuracy rates in both groups were

high and the absolute difference was not dramatic (5%), the

difference still reached statistical significance.

5. Study 2: Greek data

5.1. Participants

Fifty neurotypical native Greek-speaking adults (mean age

= 27.34, SD = 5.12; age range: 18–35; 25 male, 25 female)

participated in Study 2. Participants were naive to the aim of

the experiment. All participants grew up with Greek as the

only language before the age of six and reported no history

of language or cognitive delays/impairments, and no history of

autism diagnosis. Participants were recruited through personal

contacts and through Prolific. Participants received monetary

compensation for their participation (10 Euros), with the

exception of 22 participants recruited through personal contacts.

Participants gave written informed consent before taking part in

the study. All participants had an average correct answer rate of

60% or higher.

5.2. Results

The presentation and analysis of results is parallel to the one

for the German data in section 4.

5.2.1. Results for individual scenarios

The proportion of participants who gave accurate answers

to individual scenarios is depicted in Figure 6, with numbers

provided in Supplementary Table 6.

Performance was close to ceiling, with most scenarios

receiving correct responses in over 80% of the cases, which

verifies our hypothesis that the task was not difficult for

neurotypical adults. Scenario 5 seemed to be the only exception,

with an accuracy rate of 80% for the verbal version, and 76% for

the non-verbal version, mirroring the German results. Due to

the relatively high difficulty associated with Scenario 5, and in

order to keep the analysis parallel to the one for the German

dataset, we removed it from the dataset before any further

analysis. Both verbal and nonverbal versions had high reliability.

Cronbach’s alpha for the scenarios in the four experimental

conditions (first-order TB, first-order FB, second-order TB, and

FIGURE 6

Greek data, proportion of participants who gave accurate

answers for each scenario. Proportions of accurate answers for

the verbal and non-verbal versions of the task are depicted side

by side.

second-order FB) was for the verbal version 0.881, for the non-

verbal version 0.868, and for the combined verbal and non-

verbal version 0.908.

5.2.2. Results for individual lists

Mean correct answer rates across participants for each

list are illustrated in Figure 7, with numbers provided in

Supplementary Table 7. Mean correct answer rates in general

were well above 80%, indicating that no particular list was more

difficult than the others. The only exception was List 1, where

the non-verbal version had a relatively low mean answer rate of

75%. This was mainly due to one participant with a mean answer

rate below 50% in the non-verbal version; this participant scored

at 87% in the verbal version.

5.2.3. E�ects of the variables manipulated

In the following section, we describe and monitor the

influence of different manipulated variables on participant

responses in the critical conditions. Analyses were performed in

parallel to the German version.

5.2.3.1. Accuracy rates for conditions; the influence of

order and belief

Mean rates of correct answers per condition are illustrated in

Figure 8, for the verbal and the non-verbal version respectively.

An overview of the mean correct answer rates per condition is

provided in Supplementary Table 8.

Answer accuracies in the verbal and non-verbal version of

the task were high across all conditions, with the lowest mean

accuracy rate being at 73% for the second-order FB trials of

the non-verbal version. Accuracy rates were lower for FB than

TB conditions; this applied to the verbal task for both first-
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FIGURE 7

Greek data, mean accuracy rates for each list across participants. Accuracy rates for the verbal and non-verbal versions of each list are depicted

side by side.

and second-order conditions, and to the non-verbal task for the

second-order condition.

To assess how accuracy rates were influenced by condition,

and more specifically by truth and order of beliefs, and the

version of the task, we analyzed answers using Model 1 (see

the preceding section). The random slopes for scenario included

main effects and interaction of ORDER and BELIEF, in addition

to the main effect of PRESENTATION MODE. Fixed effects for

thismodel are in the Supplementary Table A.2. There was amain

effect of ORDER (z=−5.39. p < 0.05). No other main effects or

interactions reached significance.

5.2.3.2. Accuracy rates for scenario types; the influence

of motivation and type of change

Mean rates of correct answers per scenario type are

illustrated in Figure 9. An overview of the mean correct answer

rates per scenario type is provided in Supplementary Table 9.

The influence of the factors MOTIVATION.CHANGE,

OUTCOME.CHANGE and PRESENTATION MODE was

analyzed in Model 2. A fixed effects table is provided in the

Supplementary Table A.2.

There was a marginally significant effect of

PRESENTATION MODE (z = −1.90, p < 0.06), with no

other main effects or interactions. Accuracy rates were

slightly lower in the non-verbal (mean = 88%) than in the

verbal version (mean = 95%), with no significant difference

between scenario types. No main effects or interactions of

MOTIVATION.CHANGE or OUTCOME.CHANGE were

found; differences between scenario types were also not

significant, which suggests that participants’ performance was

not affected by these factors.

5.2.3.3. Accuracy rates for participant groups; the

influence of the presentation order of task versions

Each participant was tested on both the verbal and the

non-verbal version of the task. Half of the participants (Group

A) were tested on the non-verbal version first, and the rest

(Group B) were tested on the verbal version first. Mean rates of

correct answers per scenario type are illustrated in Figure 10. An

overview of the mean correct answer rates per group for both

versions of the task is provided in Supplementary Table 10.

The influence of the factors GROUP and PRESENTATION

MODE was analyzed in Model 3. A full table of the fixed effects

for the model is given in the Supplementary Table A.2. There

were statistically significant main effects of GROUP (z=−2.07,

p < 0.05) and PRESENTATION MODE (z = −2.88, p < 0.01).

Correct answer rates were higher in the verbal (mean = 89%)

than in the non-verbal version (mean = 83.5%), and higher

for Group B (verbal first, mean = 89%) than for group A

(non-verbal first, mean= 83.5%).

5.3. Summary of results

In one of the 16 scenarios, participants performed worse

than in the others. Since this scenario had also been more error-

prone in the German version of the task, we excluded it from

all subsequent data analyses. Performance across the different
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FIGURE 8

Greek data, mean percentage of correct answers per condition across participants. The left panel shows data for the verbal version, the right

panel shows data for the non-verbal version. Error bars depict the standard error of the mean across participants.

FIGURE 9

Greek data, mean percentage of correct answers per scenario type across participants. The left panel shows data from the verbal version, the

right panel shows data from the non-verbal version. Error bars depict the standard error of the mean across participants.

lists did not differ, indicating that the remaining scenarios

were similar in difficulty, even when presented in different

combinations and conditions (an exception for the non-verbal

version of List 1 seems to be driven by a single participant who

found the non-verbal version of the task particularly difficult).

A comparison across the different conditions revealed that

second-order beliefs were more difficult than first-order beliefs.

Descriptively, FBs were more difficult than TBs in the verbal

version, and the same pattern held for second-order beliefs

only in the non-verbal version; however, no main effects or

interactions of BELIEF or PRESENTATION MODE reached

significance. In general, performance in all conditions was high

and remained well above chance even in the most difficult

condition (second-order FB). Descriptively, the differences

between conditions had the same direction, but were more

pronounced in the verbal than in the non-verbal task. There was

no influence of scenario type, indicating that for neurotypical

adults, scenarios involving deception were not anymore difficult
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FIGURE 10

Greek data, mean percentage of correct answers per group

across participants, verbal and non-verbal version. Error bars

depict the standard error of the mean across participants.

than scenarios without deception. There was an influence of the

order in which the versions of the task were shown. Specifically,

as in Study 1, participants who had seen the verbal version

first performed better than participants who had seen the non-

verbal version first. While performance rates in both groups

were high and the absolute difference was not dramatic (5.5%),

the difference still reached statistical significance.

6. Discussion

ToM is related to the development of language in a

bidirectional way; the emergence of ToM enables language

development (Nelson, 2005), whereas language skills promote

ToM abilities (Harris et al., 2005; Milligan et al., 2007).

Moreover, language skills and in particular syntax have been

argued to be important in the attribution of beliefs, the

development of ToM, and the success in ToM tasks (de

Villiers and de Villiers, 2009, 2014). ToM is a vulnerable

area in a number of populations. For example, autistic

individuals have been shown to have difficulties in performing

successfully in FB tasks that involve first- and second-order

ToM with unexpected change of contents (e.g., the Smarties

task) and unexpected change of location (e.g., the Sally-

Anne task).

A large proportion of autistic individuals have low or

minimal language skills (e.g., Lord and Paul, 1997; Lord

et al., 2004). And yet, the most frequently used ToM

tasks put high demands on language because they include

advanced vocabulary, they involve long narrations, and require

participants to respond to complex questions (e.g., Norbury and

Bishop, 2003; Durrleman et al., 2016; Peristeri et al., 2017). In

other words, themost frequently used ToM tasks confound ToM

with language. This makes it difficult to disentangle whether low

performance in ToM tasks is due to the individuals’ low language

or to their mentalizing abilities. Therefore, there is a need to

develop ToM tasks that exert low demands on language. The

only studies to date that have employed low-verbal ToM tasks

with children either included only first-order ToM (Durrleman

et al., 2016; Peristeri et al., 2021) or included both first- and

second-order ToM tasks but required responses to complex

questions (Hollebrandse et al., 2014). Finally, the most widely

used ToM tasks have employed static images or puppets and

neglected the complex and dynamic character of the real world,

which requires extracting information from incoming input,

developing predictions about upcoming events, and updating

these predictions based on people’s behavior. Therefore, it is

unclear whether successful performance in such tasks reflects the

ability to use ToM in real-life situations.

The current research aimed at addressing these limitations

by developing a comprehensive toolkit that tests both first-

and second-order ToM in a task that puts low demands on

language in terms of the instructions and the individuals’

responses, and includes both a verbal and a non-verbal modality.

This makes the task appropriate for both individuals with low

and high verbal abilities and can assess ToM mediated by

language as well as ToM independent of language. Moreover,

the task is based on interactive, real-life scenarios, using video

stimuli that require developing and updating predictions based

on the behavior of real-life people and situations. Therefore,

performance in the task is more likely to reflect the ability to use

ToM in real-life.

Our ToM toolkit included a large number of items divided

across several types of scenarios (change of location/unexpected

content and deception/non-deception) to address how

individuals react to different scenario types and to be

able to exclude scenarios that would be problematic for

large numbers of participants (adults and/or children) at

a later stage in the task development. Finally, given the

shortage in ToM tasks and data from languages other

than English, we developed the toolkit in two languages,

German and Greek, in order to make it accessible to a large

number of individuals across several countries as well as to

multilingual speakers. This makes the toolkit appropriate for

at least two European societies and it can be easily adapted

to others.

Neurotypical adults performed this task in the verbal and

non-verbal modalities in two distinct studies, one in Germany

and one in Greece. The two studies produced very similar

results. Results were comparable for all scenarios, with the

exception of a single scenario (scenario number 5) which

produced low accuracy in both studies, and was removed

from the data analysis. Neurotypical adults performed very

well, but not completely at ceiling, especially in conditions

which require more complex FB reasoning. Descriptively, the

percentage of correct answers was lower for conditions requiring

the use of second-order beliefs than for those requiring the
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use of first-order beliefs. Likewise, the proportion of correct

answers was lower for conditions requiring comprehension

of FBs than for those requiring the comprehension of TBs.

We take this to reflect the increased difficulty for conditions

with false and second-order beliefs (see also Bernstein et al.,

2017).

The motivation (deception, no deception) and result of the

depicted change (unexpected change of location, unexpected

content) did not affect performance in the different versions

and languages of the task, showing that these factors do not

influence task difficulty for neurotypical adults. This may be

different for young children, autistic individuals, and other

populations whose ToM skills may be impaired. The present

findings provide important data that can be compared against

data from the aforementioned populations. Should these future

studies find an influence of motivation and change of result

on performance for different participant groups, this could be

interpreted as a true reflection of difficulties, rather than a

task-based confound.

Generally, performance in both verbal- and non-verbal

versions of the task was high. However, accuracy rates were

lower in the non-verbal than in the verbal version of the task,

as in the Hollebrandse et al. (2014) task with neurotypical

children. Beginning with the verbal task had a visible training

effect, leading to significantly better performance in the non-

verbal task for participants in the verbal-first group in contrast

to the group that was administered the non-verbal task first.

These findings suggest that neurotypical adults use language

to mediate ToM performance and learn from a language-

mediated task when performing, at a later stage, a non-verbal

ToM task. This information is important and should be taken

into account when considering further applications of the

toolkit with children and adults with low language skills both

in experimental follow-up studies and when interpreting the

results of the toolkit in a diagnostic setting. If both versions

of the task are used, they should be presented in the same

order, with the non-verbal version presented first to make

sure that there is no influence from the verbal to the non-

verbal task.

While the general tendencies of results were the same

for both studies and languages, there were also subtle

differences. In German, the difference between TBs and FBs

was more pronounced for second- (vs. first-) order. This

was not replicated in Greek; here, the increased difficulty

with higher orders surfaced as a simple main effect of

order, not as an interaction with belief. We assume that

these differences do not reflect language-specific processing

strategies, but rather the subtle shifts in accuracy rates resulting

from random differences between groups. Even though all

individual participants in our studies showed good general

performance, tendencies for individual participants in each

group may have affected the significance of two- or three-

way interactions.

7. Conclusions

The aim of this research was to fill the need of assessing

first- and second-order ToM in both verbal and non-verbal

modalities that would be appropriate for individuals with high

and low verbal abilities. Toward that aim, we developed a

comprehensive toolkit that tests both first- and second-order

ToM via FB tasks in the non-verbal and verbal modality using

interactive, real-life scenarios. The toolkit was developed for

German and Greek and was balanced for factors that may

influence performance, i.e., deception, change of location and

unexpected content. To validate the toolkit, two studies were

conducted with adult neurotypical individuals in Germany and

Greece. The data from the two studies show similar patterns

of results. There was high performance in all conditions with

no effects of scenario, deception or type of outcome. However,

second-order conditions were slightly more challenging than

first-order conditions, and the non-verbal version was also more

challenging than the verbal version of the task. Participants

being first administered the verbal version and then the non-

verbal version performed slightly better than those taking the

opposite order, suggesting that neurotypical adults use language

to mediate ToM performance and learn from a language-

mediated task when performing, a non-verbal ToM task. The

results suggest that the toolkit is suitable for neurotypical adults,

and is expected to be well inside the sensitive range for children

and autistic individuals. The toolkit can be easily adapted to

other languages, and scenarios can be combined freely to meet

the needs of future research with neurotypical children, autistic

individuals with both high and low verbal abilities, as well as

other populations that have been shown to have difficulties in

ToM. Importantly, the toolkit can assess ToM mediated by

language, as well as ToM independent of language.
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