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Abstract

Objectives First, to see whether previous studies showing a limited capacity to spontaneously evoke the past and the future
of a present moment (diachronic tendency) and a prevalence of mental images over inner speech (thinking style) in individu-
als with autism spectrum disorder could be replicated in individuals belonging to the broader autism phenotype. Second, to
test the hypothesis that individuals thinking with mental images have a more limited diachronic tendency compared with
individuals thinking with inner speech.

Methods Adults (N=309, M,,.=31.5 years, 76% women) with at least a high school degree were assessed with the Autism
Spectrum Quotient, a test of diachronic tendency comprising four pictures varying in social interactivity and dynamicity,
and a thinking style scale comprising three items representing three different everyday situations.

Results The results showed that adults with many autistic traits have a limited diachronic tendency but only when the situ-
ation is socially interactive and dynamic, think more in mental images than individuals with no or few autistic traits but
nevertheless still think more with inner speech than with mental images, and the more the participants reported thinking
in inner speech, the more they evoked past and future events when describing a socially interactive and dynamic situation.

Conclusions More autistic traits are associated with a limited diachronic tendency in socially interactive and dynamic situ-
ations and more thinking in mental images, and thinking style could be one of the determinants of diachronic tendency in
socially interactive and dynamic situations.

Keywords Temporal cognition - Diachronic tendency - Mental images - Inner speech - Autism spectrum disorders - Broader
autism phenotype

Two separate conclusions have emerged over the last two
decades among researchers and clinicians about the ways
in which individuals with autism spectrum disorder (ASD)
think about and apprehend time. First, a small number of
studies using self-report measures about thinking style have
shown that, unlike typically developing individuals, indi-
viduals with ASD are mainly visual as opposed to verbal
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thinkers (Dunne, 2008; Kunda & Goel, 2011). Second,
another recent line of research about diachronic tendency
(i.e. the capacity to spontaneously evoke the past and the
future of a present moment) has shown that individuals with
ASD have difficulties in thinking spontaneously about events
distributed across time. They have difficulties in evoking
spontaneously the past and the future relative to the pre-
sent moment (Boucher et al., 2007). These two assumptions
are also supported by personal accounts of individuals with
ASD (Grandin, 2009; Lawson, 2001; Williams, 1996).

An intriguing question is whether these two phenomena,
thinking style and diachronic tendency, are related. If so,
this could improve the understanding of ASD and pave the
way for new research and interventions. Indeed, already in
2001, Boucher proposed a connection between these two
phenomena. As Boucher (2001) pointed out, verbal think-
ing can make use of the time-based markers of language
(i.e. on the temporal structure of language, on the use of
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tenses and temporal conjunctions) whereas visual thinking
cannot (or less so). This difference between the verbal and
the visual medium could help to explain differences between
typical and non-typical individuals in their diachronic ten-
dency. More specifically, because of its temporal markers,
the verbal mode of thought could confer an advantage over
the visual mode when individuals spontaneously consider
the present moment in relation to the past and the future. No
research has been conducted so far on the impact of thinking
style on the diachronic tendency in typical and non-typical
individuals. Only isolated case histories have been reported
so far. For example, autistic individuals have noted that it
is difficult for them to visualise the future when thinking in
mental images (Grandin, 2009).

Two decades ago, the claim that individuals with ASD
think mostly or only in mental images emerged (Harris &
Leevers, 2000). This claim has been empirically supported
by several types of findings. First, studies have found that
representing the mind by a picture-in-the-head or thought-
bubbles has a positive impact on the performance of individ-
uals with ASD on false-belief tasks (McGregor et al., 1998a,
b; Paynter & Peterson, 2013; Swettenham, 1996; Wellman
et al., 2002). Second, individuals with ASD showed better
performance when presented with a picture-word pair than
word-word pair on a semantic priming task, suggesting a vis-
ual thinking advantage (Kamio & Toichi, 2000). This advan-
tage has also been found in mental rotation tasks where some
individuals with ASD showed enhanced abilities in forming,
accessing, and manipulating mental images tasks (Soulieres
et al., 2011). Further, the performance of individuals with
ASD on some cognitive tasks, like planning and task-
switching, have not been negatively affected by articulatory
suppression to prevent the use of inner speech (Whitehouse
et al., 2006; Williams et al., 2012, 2016). Lastly, individu-
als with ASD have reported using mostly, or only, mental
images when asked about their thinking style (Dunne, 2008;
Grandin, 2009; Hurlburt et al., 1994). However, replications
are needed because studies have produced mixed results (see
Williams et al., 2016 for a review) and some domains, e.g.
self-report of thinking style, have rarely been researched.

Following the decline of the behaviorist dogma, intro-
spection has again been considered a legitimate method for
investigating people’s inner experiences (Feest, 2012; Pons
et al., 2012). Still, only two studies have investigated the
thinking style of adults with ASD via self-report (Dunne,
2008; Hurlburt et al., 1994). Both studies found that adults
with ASD reported thinking mostly or exclusively in mental
images, whereas typically developing individuals and indi-
viduals with Specific Language Impairment (SLI) reported
thinking mostly or exclusively in inner speech. These results
are striking and warrant further investigation.

Around the same time as the claim about visual think-
ing in individuals with ASD emerged among researchers,

Boucher (2001) suggested that individuals with ASD had an
impairment in temporal cognition. Since then, an increasing
number of studies have investigated temporal cognition in
individuals with ASD (see Allman & Falter, 2015; Casassus
et al., 2019; Jurek et al., 2019 for reviews). Some aspects,
such as temporal thresholds and time sensitivity, have been
extensively studied (Casassus et al., 2019). However, other
aspects, such as the diachronic tendency, have been much
less studied in individuals with ASD (Casassus et al., 2019).
The diachronic tendency can be defined as the tendency to
spontaneously evoke the past and the future relative to the
present moment (e.g. Montangero, 1996; Montangero &
Pons, 1995). Numerous studies with typically developing
individuals have shown that the diachronic tendency under-
goes considerable change between middle childhood and
adolescence independent of the gender of the individuals:
6-year-olds have the tendency to describe a situation as it
is in the present moment (visible or invisible), 12-year-olds
spontaneously refer to one or two past or future events, and
adolescents and adults spontaneously evoke at least two past
or future events. Research also showed that the diachronic
tendency is related to social problem solving in typically
developing children. For example, children with a good dia-
chronic tendency are more capable of finding solutions to
interpersonal conflicts (e.g. Montangero et al., 2000).

Only two experimental studies have investigated the dia-
chronic tendency in individuals with ASD (Boucher et al.,
2007). Boucher et al. found that children and adolescents
with ASD scored significantly lower on diachronic tendency
than controls with learning difficulties (the two groups were
matched for age and intellectual capacities). When asked to
describe pictures, individuals with ASD tended to sponta-
neously evoke events taking place in the present moment
(visible or invisible) whereas individuals with learning dif-
ficulties spontaneously evoked past and future events as well.

As pointed out in recent reviews (Casassus et al., 2019;
Jurek et al., 2019; Williams et al., 2016), the findings show-
ing a restricted diachronic tendency and a visual thinking
style in individuals with ASD need to be replicated. There
is also a need to investigate the relation between these two
phenomena in individuals with different levels of autistic
traits. Among individuals with ASD, the prevalence of
mental images over inner speech, could be one the reasons
for their limited diachronic tendency, whereas among typi-
cal individuals, the prevalence of inner speech over mental
images, could explain the facility with which they engage
in diachronic tendency.

Over 20 years ago, Boucher (2001) noted that inner
speech relies heavily on the time-based structure of lan-
guage. Indeed, the sequence of words in language is tem-
porally structured. Language also marks time in the form
of tenses and in the standard narrative format, it involves a
sequential recounting of events from the past to the present,
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and from the present to the future. In addition to its tem-
poral structure and tenses, language also includes temporal
conjunctions, nouns and adverbs (e.g. before, after, today,
tomorrow, yesterday, and now). These various temporal fea-
tures of language may help individuals who think mostly
in inner speech to spontaneously consider the past and the
future of a given moment. In contrast, mental images are by
nature a less time-dependent system. Mental images can rep-
resent transformations over time, as in the classical image of
a bridge depicting the passage from birth to death. A mental
image can also be transformed over time as in mental rota-
tion. However, a mental image can exist alone without nec-
essarily being part of a series of images. Thus, the relative
absence of temporal markers in mental images may be one
of the reasons why individuals who think mostly in mental
images do not think spontaneously about the past and the
future of a given moment.

In summary, both inner speech and mental images can
refer to time and to change over time (signified, referent).
However, inner speech is fundamentally time-dependant
whereas mental images are not (signifier). Inner speech
cannot easily exist outside the dimension of time whereas
mental images can. This difference could explain why indi-
viduals who think in inner speech are prone to reflect on the
past and future of any given moment whereas individuals
who think in mental images do not need to take the temporal
dimension into consideration.

Two recent studies have suggested a link between lan-
guage and temporal cognition in individuals with ASD. One
study showed that children with ASD were less accurate in
the interpretations of temporal conjunctions (Overweg et al.,
2018); another study found that parents of children with
ASD described their children as having difficulties with lan-
guage about time (Poole et al., 2021). However, no research
has been conducted so far on the impact of thinking style
on the diachronic tendency, or the impact of autistic traits
(rather than the ASD diagnosis) on the two phenomena.

The broader autism phenotype (BAP) refers to individu-
als with many autistic traits, but who may or may not meet
the diagnostic criteria for ASD upon clinical assessment
(Ingersoll & Wainer, 2014). In recent years, there has been
an increasing interest in autism symptomology as a spectrum
across the population, ranging from those with no autistic
traits to those with many. Autistic traits in the general popu-
lation, like the ASD diagnosis, have been found to be under
genetic influence (Hoekstra et al., 2007; Nayar et al., 2021).
Within the general population, more autistic traits have been
found to be associated with poorer interpersonal functioning,
more psychological distress, and feelings of loneliness (Jobe
& Williams White, 2007; Lundin et al., 2019). The most
frequently used tool to assess the BAP has been the Autism
Spectrum Quotient (AQ; Baron-Cohen et al., 2001; Ingersoll
& Wainer, 2014). In the current study, the 10-item short
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version of the AQ, the AQ-10 is used (Allison et al., 2012).
The AQ-10 has been shown to perform in a comparable fash-
ion to the original version of 50 items, and has been found to
be a suitable tool to assess autistic traits across the spectrum
(Booth et al., 2013; Lundin et al., 2019). No previous study
has investigated how thinking style and diachronic tendency
vary both as a result of autistic traits across the spectrum
and in terms of categorical divisions between individuals
belonging to the BPA and individuals with no or few autistic
traits. Taking advantage of this combined approach to ASD
as both a dimension and discrete categories can provide
important knowledge about how ASD affects peoples think-
ing style and temporal cognition (Happé & Frith, 2020a, b).

The hypothesis in this study is that the temporal dyna-
micity in language makes it easier to represent changes over
time, to evoke the past and the future of a present moment,
with inner speech than mental images (Pons et al., 2012).
Thus, limited inner speech or an over-reliance on mental
images should restrict the diachronic tendency. Given that
both the diachronic tendency and thinking style may be
either impaired or biased in individuals with ASD, this study
investigates their relation in individuals with different levels
of autistic traits. It is hypothesised that individuals with a
higher number of autistic traits, i.e. individuals belonging
to the BAP, will display a limited diachronic tendency and
think more in mental images than individuals with none or
fewer autistic traits.

The current study had two main goals: first, to see whether
the few previous studies showing a limited diachronic ten-
dency (i.e. a limited spontaneous temporal perspective tak-
ing) and a biased thinking style (i.e. a dominance of mental
images over inner speech) in individuals with ASD could be
replicated as a function of the number of autistic traits. This
prediction was tested by examining how diachronic tendency
and thinking style are linked to the number of autistic traits
measured by the AQ-10. Second, to test the hypothesis that
individuals who think primarily with mental images have
more difficulties in spontaneously evoking the past and the
future of a present moment than individuals who think with
inner speech.

Method
Participants

Three-hundred-and-thirty-two adults with varying levels
of autistic traits were tested. Of these, 23 were excluded
because they did not have a high school degree and we
wanted a relatively homogenous sample in terms of level
of education so that differences in the participants’ per-
formances could not be attributed to differences in their
overall intellectual level. The final sample comprised
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309 participants between the age of 18 and 40 years
(M =31.5 years, SD =6.2 years). Three-quarters were
women (76% women, 23% men, 1% other).

Procedures

Participants were recruited through acquaintances, social
media, and lectures at the University of Oslo, and through
events and online groups organised by the Norwegian
Autistic Society (Autismeforeningen i Norge) and the
Norwegian autistic self-advocacy organisation (Spek-
teret). We used this broad recruitment strategy to obtain
a large sample of participants with different levels of
autistic traits. Despite the advantages of this inclusive
recruitment approach, it is offset by certain limitations.

Completing the questionnaire was voluntary and
anonymous. The study was prospectively reviewed and
approved by the ethical review board at the institution
where the work was conducted. Data were collected
online and took approximately 12 min (SD =8 min) to
complete. The questionnaire included an informed con-
sent form, background questions (age, gender, and educa-
tion), assessment of diachronic tendency, thinking style
questions, and the Autism Spectrum Quotient short ver-
sion (AQ-10) for adults.

Fig. 1 Pictures used to assess
the diachronic tendency

Picture 3. Social and non-dynamic picture

Measures

The participants’ diachronic tendency was assessed with
four pictures (see Fig. 1). Three of them (1, 2 and 4) were
similar to those used in previous studies with typically and
non-typically developing children, adolescents and adults
(e.g. Boucher et al., 2007; Montangero, 1996; Montangero
& Pons, 1995; Montangero et al., 2000; Moore et al., 2014;
Pons et al., 2002). However, all pictures were redrawn by
the same artist, to forestall the possibility that participants
would pay attention to different drawing styles in their
responses. For each picture, participants were first asked
to: “Describe what is going on in this picture” and then
prompted to expand on their responses: “Could you say
something else about this picture”. Participants were asked
to write down their answers (whereas in previous studies
they just had to say them aloud). The presentation of the
four pictures was partially counterbalanced (i.e. partici-
pants received the pictures in four different, randomised
orders). The pictures were drawn with different levels of
social interactivity and dynamism. Pictures 1 and 4 were
dynamic (i.e. ongoing physical action) whereas Pictures
3 and 4 were social interactive (i.e. ongoing social inter-
action). Thus, one picture was dynamic but not socially
interactive (picture 1), one was static and not socially
interactive (picture 2), one was socially interactive but
static (picture 3), and one was socially interactive and

Picture 4. Social and dynamic picture
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dynamic (picture 4) (see Fig. 1). Participants’ descriptions
of each picture were scored for the number of diachronic
events spontaneously evoked in the description. We used
the same scoring criteria as earlier studies (e.g. Boucher
et al., 2007; Montangero & Pons, 1995). An event was
considered to be diachronic when it referred to the past or
future of the situation represented in the picture, independ-
ent of the tense of the verb used to describe the event or
its plausibility. Some examples of diachronic responses
were: “The ball is going to roll down (future event) and
possibly hit the child” (future event), “Something is about
to happen” (future event) (picture 1); “The man has built
a sandcastle (past event) and a boat has passed by and cre-
ated the waves (past event)”, “The man walks on the beach
(past event)” (picture 2); “The man has fed the pigeons
(past event) and they have had a fight (past event)”, “A
disaster is waiting” (future) (picture 3); “They play ping
pong (past event) and the teacher is coming to stop the
fight (future event)”(picture 4). Two raters read the par-
ticipants responses independently and inter-rater reliability
based on more than one third of randomly selected par-
ticipants (37%) was good (intra-class correlation [ICC];
two-way random =0.72-0.83, p <0.000). Analyses showed
that the number of diachronic responses reported by the
participants’ was not internally consistent (@ =0.56) and
significantly different (#(3,924)=90.44, p <0.000) across
the four pictures (Table 1). Accordingly, we decided to
retain participants’ scores on each of the four diachronic

tendency questions as measures of their diachronic
tendency.

The method used to assess thinking style was based
on the work of Dunne (2008), but the response scale was
changed from open-ended to a Likert-scale to facilitate the
data collection and analyses. The participants were asked to
say whether they think in inner speech or mental images on
a four-point Likert scale ranging from “Only mental images”
(0), “Mostly mental images” (1), “Mostly inner speech” (2)
to “Only inner speech” (3) in three different everyday situ-
ations: (i) when they were thinking about their shopping
list, (ii) when they were thinking in general, and (iii) when
they were thinking about performing an action. Analyses
showed that the three thinking style questions were inter-
nally consistent (@ =0.75) and that there were no significant
differences between the participants’ scores on the different
thinking style questions (Table 2). Accordingly, we decided
to use the participants’ average score on the three thinking
style questions as a measure of their thinking style.

We used the Autism Spectrum Quotient 10-items (AQ-
10) for adults (Allison et al., 2012) to assess the participants’
number of autistic traits. AQ-10 has been shown to have
excellent validity and a positive predictive value of 0.85 for
the Autism Spectrum Diagnosis (Allison et al., 2012). Good
sensitivity (0.80-0.88) and specificity (0.87-0.91) have been
reported in samples of individuals with ASD and TD indi-
viduals (Allison et al., 2012; Booth et al., 2013). Analyses
showed that AQ-10 was internally consistent (@ =0.76). A

Table 1 Diachronic tendency:
number of past and future
events evoked spontaneously by
picture for the total sample and
by extreme group (BAP and few
autistic traits)

Table 2 Thinking style by
picture for the total sample and
by extreme group (BAP and few
autistic traits)
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Figure

Total sample

Broader autism phe-

Few autistic

(N=309) notype (N=43) traits (N=155)

M SD M SD M SD
Picture 1 (non-social/dynamic) 0.98 0.64 1.06 0.77 0.95 0.59
Picture 2 (non-social/non-dynamic) 0.85 0.97 0.82 1.07 0.95 0.83
Picture 3 (social/non-dynamic) 0.22 0.48 0.20 0.41 0.24 0.47
Picture 4 (social/dynamic) 0.61 0.70 0.49 0.65 0.82 0.70

Broader autism phenotype =individuals scoring>8 on the AQ-10 (BAP), few autistic traits =individu-
als scoring <1 on the AQ-10. Levene’s test of equality of variances suggested equality of variances in the

broader autism phenotype and the few autistic traits groups

Question Total sample (N=309) Broader autism phenotype Few autistic traits
(N=43) (N=55)
M SD M SD M SD
Question 1 (shopping) 1.80 0.77 1.71 0.89 1.91 0.73
Question 2 (thinking) 1.74 0.58 1.63 0.60 1.87 0.58
Question 3 (doing) 1.75 0.62 1.51 0.71 1.82 0.58

0=only mental image, 1 =mainly mental image, 2 =mainly inner speech, 3 =only inner speech

Broader autism phenotype =individuals scoring >8 on the AQ-10 (BAP), few autistic traits =individuals

scoring <1 on the AQ-10



Advances in Neurodevelopmental Disorders (2021) 5:326-338

331

one-sample z-test showed that our sample had on average
a significantly (7 (308)=9.92, p <0.000) higher number of
autistic (M =3.9 traits, SD=2.7) traits than a comparable
Swedish general population sample (M =2.4 traits, SD =3.0)
(Lundin et al., 2019). This is likely to be because many par-
ticipants in our study were approached through two associa-
tions for individuals with ASD.

Community Involvement

In line with the recent emphasis on including adults with
ASD in the research process (e.g. Jivraj et al., 2014; Nico-
laidis et al., 2019), the research team included an autistic
researcher. More specifically, the idea for this study was a
result of conversations between the researcher with ASD and
colleagues in the research team. Thus, the researcher with
ASD was central to the development of the study and was
involved in all its stages from designing and executing the
study to the data analyses and interpretation of the results.

Data Analyses

Statistical analyses were conducted with IBM SPSS Statis-
tics version 25. The results are presented in two parts. First,
we analysed the impact of autistic traits on participants’ dia-
chronic tendency and thinking style to check whether there
is a dimensional relationship between these two phenomena,
across the spectrum of autistic traits. In addition, to exam-
ine the categorical impact of autistic traits on diachronic
tendency and thinking style, analyses were conducted with
two extreme groups representing almost one third (32%,
N=98) of the entire sample: Participants scoring low on the
AQ-10 (zero or one autistic trait, M =0.75 trait, SD=0.44,
N=55) and participants representing the BAP, scoring
high on the AQ-10 (eight autistic traits or more, M=9.00
traits, SD=0.87, N=43). Mean age was similar in these
two extreme groups (respectively, M =31.8 years (SD=6.5)
and 30.8 years (SD=6.0)) whereas gender was significantly
different (chi? (2)=11.47, p<0.01). More than two-thirds
of the men (70%) scored at the BAP level whereas only one
third of the women (34%) did. This difference is in accord-
ance with the literature; autistic traits are more prevalent
among men than women (Loomes et al., 2017).

Second, we analysed the impact of thinking style on dia-
chronic tendency to test the hypothesis that individuals who
think more in terms of mental images have greater difficul-
ties in evoking the past and future of a present moment than
individuals who think more in terms of inner speech. An
analysis of the impact of thinking style on the diachronic
tendency was also conducted with two extreme groups
of participants representing more than two-thirds (69%,
N=213) of the total sample: participants thinking only or
mainly in mental images (i.e. scoring only 0 or 1, N=46)

and participants thinking only or mainly in inner speech
(scoring only 2 or 3, N=167) across all three thinking style
questions. Mean age and gender were similar in these two
groups (mental image prevalence group: M =31.6 years
(SD=6.4) and 78% of women; inner speech prevalence
group: 32.3 years (5.9) and 79% of women).

Results
Impact of Autistic Traits on Diachronic Tendency

One-sample #-test analyses showed that, for all four pictures,
the participants with a low number of autistic traits reported
significantly fewer past and future events (see Table 1) than
typically developing adolescents and adults tested in previ-
ous studies (i.e. an average of two diachronic events) (e.g.
Montangero & Pons, 1995; Montangero et al., 2000): pic-
ture 1 (¢ (54)= —13.24, p <0.000), picture 2 (¢ (54) = —9.47,
p <0.000), picture 3 (t (54)= —27.83, p<0.000) and pic-
ture 4 (¢ (54)= —12.59, p <0.000).

Correlational analysis with the entire sample showed no
significant association between the number of autistic traits
reported by the participants and the number of diachronic
events they evoked for the four pictures. A regression analy-
sis with the entire sample in which the diachronic tendencies
on pictures 1, 2, 3 and 4 were the dependent variables and
age, gender and the number of autistic traits were the inde-
pendent variables showed no significant association between
these four variables and no significant effect of age, gender
or the number of autistic traits. There was no significant
association between participant’s number of autistic traits
and the length of their responses to the pictures used to
assess diachronic tendency.

An examination of Table 1 showed that for three of the
four pictures (2, 3 and 4), participants with a high number
of autistic traits tended to evoke fewer past and future events
than participants with a low number of autistic traits. How-
ever, these differences were significant only for picture 4
(1 (96)=2.37, p<0.05); participants without autistic traits
reported almost double the number of past and future dia-
chronic events than participants belonging to the BAP, when
asked to describe the socially interactive and dynamic situa-
tion depicted in picture 4 (see Fig. 2).

A chi-square analysis revealed a significant difference in
the number of participants belonging and not belonging to
the BAP evoking or not evoking past or future events to
describe picture 4 (chi-square (1, N=98)=28.56, p <0.005).
The majority of the participants describing the picture by
referring only to the present (i.e. with no reference to past
or future events) had belonged to the BAP (61%; AQ>8)
whereas the majority evoking at least one (and up to four)
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Fig. 2 Diachronic tendency
score at picture 4 in the two
extreme groups (BAP and
few autistic traits). Note.

Diachronic Tendency (picture 4)

Few autistic traits group 80

(N=55)=AQ-10 score < 1;

BAP group (N=43)=AQ-10

score > 8 k
60

L 40

20
00

Few autistic traits

past or future events to describe this picture had few autistic
traits (69%; i.e. did not belong to the BAP; AQ<1).

Impact of Autistic Traits on Thinking Style

Correlation analysis with the entire sample showed a
significant relation between the number of autistic traits
reported by participants and their propensity to think in
mental images rather than inner speech (r (307)= —0.11,
p <0.05); the higher the number of reported autistic traits,
the less they reported thinking in inner speech. A regres-
sion analysis with the entire sample where thinking style
was the dependent variable and age, gender and the num-
ber of autistic traits were the independent variables showed
no significant association between these four variables, no

Fig. 3 Overall thinking style
score in the two extreme groups
(BAP and few autistic traits).
Note. Few autistic traits group
(N=55)=AQ-10 score < 1;
BAP group (N=43)=AQ-10
score > 8. Overall thinking
style: 0=only mental image,

1 =mainly mental image,

2 =mainly inner speech,

3 =only inner speech

2,00

Thinking style (mean score)

Group

significant effect of age and gender but a significant effect
for the number of autistic traits (beta= —0.10, r= —1.68,
p <0.05 (one-tailed), partial r= —0.10).

Although participants with a high number of autistic
traits reported thinking more with inner speech than with
mental images (M =1.6, SD=0.6), they still reported
thinking with inner speech significantly less (7 (96)=1.76,
p <0.05 (one-tailed)) than participants with a low number
of autistic traits (M =1.9, SD=0.5) (see Fig. 3).

A chi-square analysis revealed a significant difference
in the number of participants belonging and not belong-
ing to the BAP who reported thinking with mental images
or inner speech (chi-square (1, N=72)=4.35, p <0.05):
The majority of participants thinking with mental images
belonged to the BAP (69%) whereas the majority of

11

Few autistic traits
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participants thinking with inner speech did not belong to
the BAP (61%).

The Impact of Thinking Style on the Diachronic
Tendency

Correlational analyses based on the entire sample revealed
only one significant (one-tailed) positive correlation (r
(307)=0.10, p <0.05) between thinking style and the dia-
chronic tendency (i.e. for picture 4); the more the partici-
pants reported thinking in inner speech the more they evoked
past and future events when describing a socially interactive
and dynamic situation. This relationship was not affected by
the number of autistic traits (partial r (306)=0.10, p <0.05).
A regression analysis in which the diachronic tendency for
the socially interactive and dynamic situation (picture 4) was
the dependent variable and age, gender and thinking style
were the independent variables showed no significant asso-
ciation between these four variables, no significant effect
of gender and age, but a significant (one-tailed) effect of
thinking style on diachronic tendency (beta=0.11, r=1.88,
p <0.05, partial r=0.11). There was no significant asso-
ciation between participants thinking style and the length
of their responses to the pictures used to assess diachronic
tendency.

Analyses with the participants reporting a clear propen-
sity to think either in mental image or inner speech con-
firmed the previous analyses. Participants thinking in inner
speech evoked significantly (# (211)=2.44, p <0.05) more
past and future events (M =0.7, SD=0.8) than participants
thinking in mental images (M =0.4, SD=0.6); they evoked
almost twice as many diachronic events when they were
asked to describe a socially interactive and dynamic situa-
tion (picture 4) (see Fig. 4). This difference also remained

Fig.4 Diachronic tendency
score at picture 4 (socially
interactive and dynamic) by
overall thinking style extreme
group (Mental Image and Inner 80
Speech). Note. Mental images

1,00

when excluding the participants belonging to the BAP (¢
(178)=2.81, p<0.01).

A chi-square analysis revealed a significant difference
in the number of participants thinking in mental images or
inner speech who did or did not evoke past or future events to
describe picture 4 (chi-square (1, N=213)=5.95, p <0.05):
The majority of participants thinking with mental images
described the picture by referring only to the present (65%)
whereas the majority thinking with inner speech evoked at
least one (and up to four) past or future events (55%).

Discussion

The study had two objectives: first, to see whether the few
previous studies showing limited diachronic tendency (i.e.
difficulties in spontaneously evoking the past or future of a
present moment) and a biased thinking style (i.e. thinking
with mental images rather inner speech) in individuals with
ASD could be replicated in a sample of individuals belong-
ing to the BAP and across the spectrum depending on the
degree of autistic traits. Second, to test the hypothesis that
individuals thinking with mental images have more difficul-
ties in spontaneously evoking the past and the future of a
present moment as compared to individuals thinking with
inner speech.

The results partially replicated the results obtained in
previous studies with respect to the diachronic tendency in
children and adolescents with ASD (Boucher et al., 2007).
They showed that adults with many autistic traits have a
limited diachronic tendency but only when the situation is
socially interactive and dynamic (i.e. picture 4). This finding
can be interpreted in different ways. Why the adults with and
without ASD had similar performances on the diachronic

extreme group (N=46) = partic- ;
ipants thinking only or mainly g
in mental images (i.e. scoring > &
only O or 1 on the thinking style S
questionnaire); inner speech g
extreme group (N=167)=par- Z 40
ticipants thinking only or s
mainly in inner speech (scoring §
only 2 or 3 on the thinking style ]
questionnaire) 2

,00

Mental images

Inner speech
Group
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tendency for most situations (three of the four pictures)?
Note that in the current study, the method used to assess
the diachronic tendency was somewhat different from the
method used in previous studies; i.e., in this study, par-
ticipants were asked to write down their answers whereas
in previous studies, they only had to say them aloud (e.g.
Boucher et al., 2007; Montangero & Pons, 1995; Montan-
gero et al., 2000). This difference in method may have led to
a floor effect. Indeed, the adults with few autistic traits in this
study displayed a lower level of diachronic responding than
typically developing adolescents and adults in previous stud-
ies, irrespective of the picture they were asked to describe.
Such a floor effect could explain why no difference was
between individuals with many and few autistic traits; the
diachronic tasks were too demanding. Further, the method
can have been beneficial for adults with many autistic traits.
Crane et al. (2013) argued that writing responses rather than
verbalising them to an examiner can reduce social anxiety
in individuals with ASD, and thereby enhance their perfor-
mance. It would be interesting in the future to figure out
which interpretation is better by comparing within the same
individuals these different methods (i.e. writing down their
answer on a computer versus giving their answer orally to
an examiner).

Another interpretation of the limited impact of autistic
traits on the diachronic tendency could be that adults belong-
ing to the BAP actually have an intact diachronic tendency.
This interpretation is in accordance with the differential
developmental trajectory hypothesis proposed by Casassus
et al. (2019): Children and adolescents with ASD have a
limited diachronic tendency (Boucher et al., 2007) but they
catch up during adulthood. It would be interesting in the
future to test Casassus’ hypothesis by using the same meth-
odology to test children, adolescents, and adults with and
without ASD to see whether age impacts the differential
diachronic tendency of individuals with few versus many
autistic traits (i.e. the older, the smaller the difference).

How to interpret the fact that in one of the situations,
the socially interactive and dynamic one (i.e. picture 4),
the adults with many autistic traits displayed a limited dia-
chronic tendency? One possible answer is that children with
many autistic traits orient themselves more towards the non-
social than the social environment (e.g. Gale et al., 2019).
Thus, by adulthood, individuals belonging to the BAP have
developed adequate temporal concepts for non-socially inter-
active events. An early-onset impairment in orientation to
social stimuli might have cascading effects on deficits in
social cognition, and these deficits could prevent individuals
with many autistic traits from developing adequate temporal
concepts of socially interactive events, at least when these
events reach the complexity of the social interaction depicted
in picture 4. The level of interactivity and hence the degree
of interpretation may be central to understanding the group
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difference on picture 4; the more complex social interaction
a picture depicts, the larger the group differences between
individuals with few or many autistic traits are. This inter-
pretation is in line with the findings of a recent meta-analysis
showing that adults with ASD have a broad impairment in
the social cognitive domain but not in the non-social cogni-
tive domain (Velikonja et al., 2019).

To understand complex socially interactive situations and
predict future outcomes, the ability to adopt different tem-
poral perspectives towards these situations is necessary. If
individuals with many autistic traits do not develop tempo-
ral concepts of complex socially interactive situations, this
could affect their social competence (e.g. Boucher, 2001),
and should be considered a target for social skills interven-
tion. It would be interesting to test the difference between
socially interactive and non-socially interactive diachronic
tendency in the future by re-running a developmental study
(longitudinal rather than cross-sectional) with children,
adolescents and adults with and without ASD and to assess
them for their diachronic tendency in socially interactive and
non-socially interactive situations. Finally, it should be noted
that the results fully replicated those obtained in previous
studies showing that gender does not impact the diachronic
tendency in children, adolescents and adults with few or
many autistic traits (e.g. Boucher et al., 2007; Montangero
& Pons, 1995; Montangero et al., 2000). Whatever their age
or typicality, gender does not impact spontaneous temporal
perspective-taking.

The results only partially replicated the results obtained
in previous studies regarding the thinking style of individu-
als with ASD (Dunne, 2008; Hurlburt et al., 1994). Indeed,
the results confirmed that individuals belonging to the BAP
think less in inner speech than individuals with few autistic
traits. Nevertheless, they still think more with inner speech
than with mental images. By contrast, previous studies
showed that individuals with ASD think more with men-
tal images than inner speech. At least two methodological
reasons could explain this discrepancy. First, in previous
studies the participants were asked to report in the context
of an open interview whether they were thinking with men-
tal images and with inner speech independently whereas in
this study these two dimensions were opposed to each other
in one single Likert scale. Second, as pointed by Williams
et al. (2016), most of the studies on verbal thinking and inner
speech in individuals with ASD, like those of Dunne (2008)
or Hurlburt et al. (1994), mainly rely on verbal presentations
(versus pictorial presentations) and on verbal report (versus
visual scales). This methodological difference makes the
interpretation of any differences in thinking style between
individual with and with ASD problematic because many
individuals with ASD have more or less severe language
impairments (syntactic, sematic, pragmatic) (Boucher, 2012;
Eigsti et al., 2011; Kwok et al., 2015). Are these differences
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in thinking style related to the way it is measured (via almost
exclusively verbal descriptions and questions rather than via
pictures and images) or are these differences in thinking style
genuinely related to the way that participants are thinking
(inner speech versus mental images)? Indeed, as mentioned
previously, some research on Theory of Mind in individu-
als with ASD has shown that representing the mind by a
picture-in-the-head, photo-in-the-head, or thought-bubbles
has a positive impact on their performance in false-belief
tasks (McGregor et al., 1998a, b; Paynter & Peterson, 2013;
Swettenham, 1996; Wellman et al., 2002). In summary, it is
too early to conclude whether individuals with many autistic
traits have a limited or a different thinking style compared to
individuals without ASD.

In the future, it would be interesting to assess indepen-
dently with two different Likert scales the use of inner
speech and mental images, using verbal and non-verbal
descriptions and questions about everyday situations, to
check whether many autistic traits reverses people’s thinking
style from inner speech to mental images (in line with the
results of Dunne, 2008 and Hurlburt et al., 1994) or simply
attenuates their propensity to think with inner speech (in
line with the results of this study). Such a study would also
help to answer the question of whether the thinking style of
individuals with ASD is the result of a limitation in language
(more or less compensated by mental images) and/or to an
overdeveloped capacity for mental images (and more or less
intact inner speech).

The second objective of this study was to test the hypoth-
esis that it is more difficult to represent changes over time
and to spontaneously evoke the past and the future of a pre-
sent moment with mental images than with inner speech,
given the more dynamic nature of speech compared to
images; a limitation in inner speech or an over-reliance on
mental images should lead to a limited diachronic tendency
(Pons et al., 2012). The results showed some promising
findings that warrant further investigation. The more par-
ticipants reported thinking in inner speech, the more they
evoked past and future events when describing a socially
interactive and dynamic situation (i.e. picture 4). Individuals
thinking in inner speech evoked almost twice as many past
and future events as compared to those thinking in mental
images (autistic traits did not affect this relation). This result
can be interpreted in different ways. The impact of thinking
style on the diachronic tendency is the exception whereas
the no relationship is the norm. Indeed, this relationship was
found only once (out of four different situations). This result
confirms the results from earlier studies showing that the
diachronic tendency is a rather specific and distinct cogni-
tive ability (e.g. Boucher et al., 2007; Pons & Montangero,
1999). However, previous studies have also showed that the
diachronic tendency is related to social-problem solving
in typically developing children (e.g. Montangero, 1996;

Montangero et al., 2000). This study, together with these
earlier studies, suggests that there is a privileged relationship
between the diachronic tendency and social and non-social
problem-solving in individuals with few and many autistic
traits. It would be interesting in the future to investigate sys-
tematically the impact of thinking style on the diachronic
tendency in socially interactive and less socially interactive
situations.

Limitations and Future Research Directions

Two limitations regarding the generalizability of the sample
should be noted. First, the inclusion criteria, “having at least
a high-school degree”, imply that the sample is cognitively
high-functioning, and this factor could have impacted find-
ings. The level of cognitive functioning might explain the
lack of larger group differences (e.g. Boucher, 2001; Gil
et al., 2012; Vogel et al., 2019). In the future, assessments of
general cognitive and linguistic abilities should be included
in order to account for individual differences in these
domains. Second, despite the AQ being one of the most
common measures to assess autistic traits across the popula-
tion, the ability of the AQ to discriminate between ASD and
other mental health disorders is uncertain (Wigham et al.,
2019). Thus, given the inclusive approach to recruitment,
some of the participants may have obtained a high score on
the AQ for reasons other than having many autistic traits
(e.g. due to other mental health disorder or general socio-
cognitive difficulties). However, this inclusive strategy to
recruitment is consistent with a recent, increasingly power-
ful approach in clinical research that supports dimensional
rather than categorical distinctions in approaching mental
health disorders (RDoC; Cuthbert, 2015).

In further research, it would also be interesting to include
a question about how participants are “thinking about time”.
Such a question might provide additional information about
how people with different levels of autistic traits think about
time, and how their thinking about time relates to their dia-
chronic tendency. It would also be interesting to explore
the thinking style and diachronic tendency of typical adults
in relation to their profession, giving the opportunity to
assess (i) whether, for example, professional artists (paint-
ers, designers) think more in mental imagery and less in
inner speech as compared to professional writers (fictional
and non-fictional) and (ii) whether thinking style is one of
the factors that impacts the diachronic tendency in typically
developing professional adults.

The findings from this study seen in connection with the
result of Boucher et al. (2007) suggests that the limitations
in diachronic tendency may be more pronounced in children
and adolescents as opposed to adults, and in individuals with
lower cognitive and linguistic abilities as opposed to “high-
functioning” individuals. Thus, further research should test
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the hypotheses that the limitations in diachronic tendency
associated with autistic traits attenuate with age and cogni-
tive and linguistic abilities. Further, longitudinal research
is also needed to investigate the developmental trajectories
of diachronic tendency in individuals across the autism
spectrum, and should also investigate the hypothesis that
the diachronic tendency of non-socially interactive versus
socially interactive situations follows different developmen-
tal trajectories.
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