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Introduction: Motor Imagery (MI) is when an individual imagines performing 
an action without physically executing that action and is thought to involve 
similar neural processes used for execution of physical movement. As motor 
coordination difficulties are common in autistic individuals it is possible that 
these may affect MI ability. The aim of this systematic review was to assess the 
current knowledge around MI ability in autistic individuals.

Methods: A systematic search was conducted for articles published before 
September 2023, following PRISMA guidance. Search engines were PsycINFO, 
PubMed, Web of Science, Scopus, Wiley Online Library and PsyArXiv. Inclusion 
criteria included: (a) Original peer-reviewed and pre-print publications; (b) 
Autistic and a non-autistic group (c) Implicit or explicit imagery tasks (d) 
Behavioral, neurophysiological or self-rating measures, (e) Written in the 
English language. Exclusion criteria were (a) Articles only about MI or autism 
(b) Articles where the autism data is not presented separately (c) Articles on 
action observation, recognition or imitation only (d) Review articles. A narrative 
synthesis of the evidence was conducted.

Results: Sixteen studies across fourteen articles were included. Tasks were 
divided into implicit (unconscious) or explicit (conscious) MI. The implicit 
tasks used either hand (6) or body (4) rotation tasks. Explicit tasks consisted 
of perspective taking tasks (3), a questionnaire (1) and explicit instructions to 
imagine performing a movement (2). A MI strategy was apparent for the hand 
rotation task in autistic children, although may have been more challenging. 
Evidence was mixed and inconclusive for the remaining task types due to the 
varied range of different tasks and, measures conducted and design limitations. 
Further limitations included a sex bias toward males and the hand rotation task 
only being conducted in children.

Discussion: There is currently an incomplete understanding of MI ability in autistic 
individuals. The field would benefit from a battery of fully described implicit and 
explicit MI tasks, conducted across the same groups of autistic children and 
adults. Improved knowledge around MI in autistic individuals is important for 
understanding whether MI techniques may benefit motor coordination in some 
autistic people.
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Introduction

Autism is characterized by persistent difficulties in social 
communication and social interaction across multiple contexts, 
including social reciprocity, nonverbal communicative behaviors used 
for social interaction, and skills in developing, maintaining, and 
understanding relationships (American Psychiatric Association, 
DSM-5 Task Force, 2013). Motor coordination difficulties, although 
not highlighted within this description of autism, are a common 
feature and are increasingly becoming the subject of investigation 
(Gowen and Hamilton, 2013; Torres and Donnellan, 2015; Bhat, 
2021). Motor coordination difficulties experienced by autistic 
individuals are apparent from childhood and persist into adulthood 
and may include altered fine motor control and eye-hand coordination, 
as well as postural instability and general clumsiness (Fournier et al., 
2010; Gowen and Hamilton, 2013; Sacrey et al., 2014; Lim et al., 2017; 
Morrison et al., 2018; Lum et al., 2020; Gowen et al., 2023). Interest 
has grown in understanding how motor coordination difficulties 
might impact upon the social aspects of autism. It has been suggested 
that exclusion, lack of confidence and fatigue, due to increased effort, 
could all reduce participation in social activities such as sports, social 
hobbies or play, leading to less experience in engaging socially 
(Leonard et al., 2014; Hannant et al., 2016; Ohara et al., 2019; Gowen 
et al., 2023). Another link between motor and social difficulties is 
simulation. Simulation theory suggests that when an individual 
observes another person, they will internally simulate that person’s 
actions using their own motor, cognitive and emotional 
representations, in order to understand the other person’s actions 
(Jeannerod, 2001; Gallese, 2003). Motor simulation is thought to 
underlie a number of processes such as imitation, action prediction 
and understanding, as well as motor imagery (Wolpert et al., 2003; 
Rizzolatti and Sinigaglia, 2010; Gallese and Sinigaglia, 2011; Hurst and 
Boe, 2022). While some previous work has highlighted altered 
imitation (Wild et al., 2012; Sacrey et al., 2014; Vivanti and Hamilton, 
2014; Gowen et al., 2020), action understanding (Vivanti et al., 2011; 
Todorova et  al., 2019; Federici et  al., 2020) and action prediction 
(Gowen et al., 2022) in autistic individuals, there has been less focus 
on motor imagery (MI). The aim of this systematic review was to 
assess the current knowledge around MI ability in autistic individuals.

MI is when an individual imagines performing an action without 
physically executing that action and is thought to involve similar, 
although not identical processes to those that program and prepare 
for the execution of physical movement (Jeannerod, 1994; Hardwick 
et al., 2018; Hurst and Boe, 2022; Frank et al., 2023). Jeannerod and 
Frak (1999) argue there are both implicit and explicit forms of MI 
where actions are imagined at the unconscious or conscious level, 
respectively. MI can also be performed in the visual or kinesthetic 
modality. Visual MI involves the visualization of an action and 
activates visual occipital brain areas, whereas kinesthetic MI consists 
of imagining the sensation of the action and activates motor-related 
brain areas such as the superior parietal and ventral premotor cortex 
(Jeannerod, 2001; Sirigu and Duhamel, 2001; Stinear et  al., 2006; 
Guillot et al., 2009). MI can play a role in practicing, learning and 
improving execution of actions and is often used by athletes and sports 
players to enhance performance (Mulder et al., 2004; Simonsmeier 
et al., 2020; Toth et al., 2020). MI practice, particularly when combined 
with action observation (Vogt et al., 2013; Eaves et al., 2016, 2022) can 
also be  used for rehabilitation of people with Parkinson’s disease 

(Tamir et al., 2007; Kikuchi et al., 2014; Caligiore et al., 2017; Bek et al., 
2021), as well as stroke patients (De Vries and Mulder, 2007; Sun et al., 
2016; Binks et al., 2023) leading to improvements in timed motor 
performance, limb functioning, daily living skills and reduction of 
freezing of gait. Therefore, MI training could provide a route to 
improving motor ability in autism, providing autistic individuals are 
able to perform MI.

MI can be investigated using several methods including behavioral 
experiments involving laterality judgments (e.g., right or left hand), 
mental chronometry and perspective taking, as well as self-report 
questionnaires (McAvinue and Robertson, 2008). Starting with 
implicit measures, the hand rotation task (Parsons, 1987) is a method 
regularly used to investigate implicit MI and many variations of the 
paradigm have been used. The task requires participants to judge  
the laterality of hands (right or left) that are presented either from the 
front (palm) or back view and at different orientations (0–360°). This 
task uses an implicit measure of MI as participants are not directly 
instructed to use MI, but engage in this technique to solve the 
orientation based problem. Outcome measures include accuracy and 
reaction times. Typically, reaction times increase as the angle increases 
away from neutral, termed the angle or slope effect and is considered 
evidence that participants solve the task by mentally stimulating the 
rotation of their own hand to match the orientation of the displayed 
hand (Parsons, 1994). However, as it is also possible that participants 
use a non-MI based strategy such as mental (object) rotation of the 
hand images (Gardner et  al., 2013), a key indicator of whether 
participants use MI in this task is the effect of biomechanical 
constraints on reaction times. Reaction times tend to be faster for 
stimuli where the hands are in a medial rotation rather than lateral 
direction, due to it being physically easier to rotate your hand in a 
medial rather than lateral direction (Parsons, 1994; Butson et  al., 
2014). The stimuli presented in these tasks can vary, with studies 
either using photographs of real hands or line drawings and some 
studies use whole bodies, termed the Own Body Transformation task 
(Gardner et al., 2013) or body rotation tasks.

A variation of the hand rotation task consists of the presentation 
of two hands or body images that are rotated at different angles and 
participants are asked to indicate whether the hands are the same or 
different. This task is based on mental object rotation paradigms 
where participants are presented with 2D or 3D shapes or objects in 
different orientations and have to judge whether they match the target 
shape/object (Shepard and Metzler, 1971). It requires participants to 
use visual imagery to mentally rotate the object and spatial working 
memory to hold the image representation in their mind (Shepard and 
Metzler, 1971; Muth et al., 2014). The use of hands or bodies instead 
of objects opens the possibility that participants use MI instead of 
object rotation to complete the task. To differentiate between these 
two strategies, a steeper reaction time slope across the angles for 
objects compared to hand (palm) or body stimuli (facing toward) has 
been interpreted as an object rotation versus a more embodied 
approach, respectively (Parsons, 1987; Zacks and Tversky, 2005; Yu 
and Zacks, 2010; Steggemann et al., 2011).

For explicit measures of MI, two common questionnaires are the 
Kinesthetic and Visual Imagery questionnaire (KVIQ-10) (Malouin 
et al., 2007) and the Movement Imagery Questionnaire (MIQ) (Hall 
and Martin, 1997; Gregg et  al., 2010). These questionnaires ask 
participants to perform physically, then explicitly imagine the same 
movement (e.g., elbow flexion) and rate certain aspects about the 
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imagined movement using Likert-type scales. For the KVIQ-10, 
participants are asked to rate the clarity (visual subscale) and intensity 
(kinesthetic subscale) of the imagined movement, while for the MIQ 
they are asked to rate the ease/difficulty of seeing and feeling the 
imagined movement. While both measure visual and kinesthetic 
modalities of MI, unlike the KVIQ, the MIQ is self-administered and 
measures more functional movements.

Mental chronometry tasks compare the durations of imagined 
versus executed movements with smaller differences in times 
suggesting greater accuracy and ability in MI (Wong et  al., 2013; 
Williams et al., 2015). For example, participants might be asked to 
execute a series of timed pointing movements, then asked to imagine 
performing the same movements, indicating when they have finished. 
Better MI ability would be represented as closer durations between the 
executed and imagined actions. Furthermore, the similarity between 
real and imagined movements has been taken as evidence of the close 
relationship between MI and action planning (Jeannerod, 2001; 
Munzert et al., 2009).

Other behavioral paradigms that potentially measure MI include 
perspective taking experiments, which require a participant to 
imagine themselves in a certain orientation and/or from the viewpoint 
of another person and to then judge the laterality or position of other 
objects. This type of task can be  performed using an embodied 
strategy of imagining oneself in the new orientation or location of the 
other or it can be performed using a non-embodied approach such as 
a rule-based strategy, line of sight computation or by mentally rotating 
the objects in the scene (Michelon and Zacks, 2006; Kessler and 
Thomson, 2010; Kessler and Wang, 2012). However, even if individuals 
use the embodied strategy, these tasks do not necessarily require MI 
as they can simply be performed by visually imagining the viewpoint 
from the new perspective, without imagining one’s body parts (Ward 
et al., 2022). Therefore, whether perspective taking tasks investigate 
MI varies with different studies. For example, MI is more likely in 
perspective taking studies that involve referencing a body part or an 
action (e.g., Conson et al., 2015), as opposed to just reporting the 
location of objects (e.g., visual perspective tasks in Pearson et  al., 
2016). More generally, MI of whole body movements is less commonly 
investigated as highlighted by a meta-analysis by Hétu et al. (2013) 
who analyzed whole body with upper body tasks due to the small 
number of tasks in the former category. However, as there are no prior 
systematic reviews on the topic of MI in autism, we wished to provide 
a comprehensive review that included less “traditional” MI tasks 
particularly as perspective tasks are of interest to autism researchers. 
As the involvement of MI in perspective taking tasks is dependent on 
study design and instructions, the perspective taking studies included 
in this review will be individually considered, based on the details of 
the task to decide whether they measure MI and therefore should 
be included in the synthesis of results.

This systematic review aims to evaluate and bring together the 
findings of research investigating MI abilities in autistic individuals 
using the MI tasks described above. As MI relies on similar motor 
control processes involved in executing actions, it is possible that 
motor coordination difficulties frequently present in autistic 
individuals may lead to altered MI. This review is timely as although 
there are a growing number of studies in this area, it remains unclear 
if MI is affected in autistic individuals and if it is, what aspects or in 
what way is MI affected. A systematic review on the topic of autism 
and MI is yet to exist in the current literature. A more complete 

understanding of MI in autism can be  helpful for advancing 
knowledge of simulation ability and whether MI could be used in 
therapies to support autistic motor coordination difficulties.

Methods

Please see Supplementary Information S1, S2 for PRISMA  
checklist.

Search strategy

A systematic search was conducted in January 2022, following the 
guidance in the PRISMA statement (Page et al., 2021). The search was 
conducted in January 2022, then again in September 2023 (for the 
period 2021–2023) seeking research articles published in journals 
without restriction based on year of publication. The search engines 
used were those most relevant to psychology - PsycINFO, PubMed, 
Web of Science, Scopus, Wiley Online Library and the preprint server, 
PsyArXiv. The search terms used were autis* AND (Motor Imagery 
OR “action simulation” OR KVIQ OR “motor simulation” OR “hand 
rotation task” OR “laterality task” OR “visual imagery” OR “mental 
rotation”). No limits or filters other than excluding textbooks or books 
were used. These search terms were based on discussion amongst the 
authors, examination of key terms in relevant papers and initial 
scoping searches. As the search function was limited for PsyArXiv, 
each individual search term (apart from autis*) was entered and the 
preprints screened to check for any relevant articles. The references list 
of all studies selected for inclusion in the review were also 
hand-searched.

Inclusion and exclusion criteria

Inclusion criteria were: (a) Original peer-reviewed publications 
and pre-print publications; (b) Participants must include a group of 
individuals with Autism Spectrum Condition (or Asperger’s) and a 
non-autistic typically developed group; (c) Articles may include other 
neurodivergent groups such as Developmental Coordination Disorder. 
If there is no control group, the paper can be included if there is a 
comparison with norms OR suitable comparison between real and 
imagined actions (within the autistic participants group); (d) 
Participants are asked to engage in a task where the main process 
involved is either implicit or explicit MI (e.g., hand rotation, 
perspective taking, chronometry, MI questionnaires). This was judged 
based on the methods used rather than on the specified focus of the 
authors. For perspective taking, studies were required to involve 
explicit instruction for participants to imagine themselves in the 
position of the character and that the character displayed gestures or 
movement that could encourage embodiment when identifying 
objects or performing the task from the required perspective; (e) 
Measures can involve behavioral (reaction time, accuracy), 
neurophysiological (e.g., fMRI, EEG) or self-rating measures (e.g., 
KVIQ, MIQ) to rate their MI; (f) Written in the English language.

Exclusion criteria were (a) Articles only about MI or only 
about autism; (b) Articles about MI in other conditions and autism, 
but where the autism data is not presented separately from other 
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conditions; (c) Articles on action observation, action recognition 
or imitation only where no MI tasks are used. Although 
spontaneous imagery can occur during action observation (Vogt 
et al., 2013), it was decided that these tasks do not generally include 
a specific measure of imagery; (d) Articles were a review or 
theoretical analysis.

Screening

Search results were exported to an excel table and duplicates were 
manually removed using the Microsoft Excel sort filter. Three authors 
of the review (EG, EP, EE) independently screened a third each of the 
titles and abstracts of the papers referring to the inclusion and 
exclusion criteria. During this process the authors highlighted any 
articles where there was uncertainty about inclusion/exclusion and the 
three authors discussed these articles to come to an agreement. For the 
selected papers to be read in full, the same three authors independently 
read the articles then discussed their findings to come to an agreement.

Data extraction and strategy for data 
synthesis

Two authors (EE, EG) extracted the following information into 
tables: sample size, sex, age, full scale IQ, stimuli and task details, 
outcome measures and findings. A narrative synthesis of the 
evidence was conducted. The papers that were included in the 

review were separated based on the methods they used to measure 
MI and their characteristics and findings presented within tables 
and text to enable a within-study analysis. A cross-study analysis 
was also conducted, comparing the results, characteristics and 
sources of bias across the studies to inform understanding of MI 
in autism.

Results

Study selection

Figure 1 details the process of article selection. From the initial 
search 348 papers were generated, when duplicates were removed 
220 papers were chosen for abstract screening. Thirty papers were 
selected to be  read in full and from these 19 were excluded 
according to the above criteria. Nine were excluded because they 
did not investigate MI (they focused on visual imagery or other 
areas relating to action perception or execution). Eight papers did 
not have a measure of MI (such as the hand rotation task, KVIQ or 
any specific instructions to engage in MI). One paper did not have 
an autism sample and one was a dissertation submission and was 
not a published research article. From the second search, five 
articles were selected to be read in full, with one being excluded due 
to the absence of a non-autistic group and two because they did 
investigate MI. One article was included following searching the 
reference lists of the chosen articles, giving a total of 14 articles (16 
separate studies) included in the review.

FIGURE 1

PRISMA 2020 flow diagram for new systematic reviews. Results of the 2nd search in September 2023 are shown separately in italics. *Duplicate 
removal for 2nd search included 14 articles that were identified in the previous search.
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Quality assessment

The Joanna Briggs Institute (JBI) checklist for case control studies 
(Moola et al., 2020) was used to evaluate the articles as it was deemed 
to contain the most relevant items for the types of studies reviewed. 
However, not all items were relevant and the meaning of some items 
was modified to fit the types of studies included as detailed in 
Supplementary material S3. All but one study was rated as acceptable 
to include apart from one (Xie et al., 2022, hand rotation task), but this 
was included due this being the first systematic review on the topic 
and the overall low number of articles (Supplementary material S3).

Study characteristics

Of the 16 studies included in this review, six used a hand rotation 
task, four used a body rotation task, three used a perspective taking 
task, one used the KVIQ and two used explicit instructions to imagine 
performing a movement. The studies and tasks used in each are 
outlined in Tables 1–3. The findings from the studies are discussed 
below and have been grouped into implicit and explicit measures of MI.

Implicit measures of MI

Hand rotation tasks
Details of the hand rotation studies can be seen in Table 1. Two 

articles reported that the autistic group displayed a biomechanical 
effect, but there were differences in the way the two groups performed 
the task (Conson et al., 2016; Chen et al., 2018). Chen et al. (2018) 
found no group differences in accuracy and observed a significant 
slope effect in both autistic and non-autistic children and adolescents, 
although the former group had slower reaction times (RTs). They also 
initially observed a larger biomechanical effect in the autistic group. 
However, when they took into account overall RTs across all the 
presented angles on the biomechanical effect they found no group 
differences, confirming that larger RT differences between the medial 
and lateral orientation in the autistic group was the result of slower 
overall RTs. A good feature of this study was the inclusion of an object 
rotation task, which revealed no group differences, suggesting that 
slower reaction times in the hand rotation task were related to 
processing the hand rather than general mental rotation and motor 
coordination difficulties. In addition, Chen et  al. also observed a 
similar biomechanical effect for transitive (hand with spoon) and 
intransitive (bare hand) stimuli, with both groups showing a larger 
biomechanical effect for the transitive condition. Conson et al. (2016) 
asked autistic and non-autistic children and adolescents to perform 
the hand rotation task with their arms in a posture that either matched 
or did not match the hand stimulus. Typical individuals show a posture 
effect whereby they are more accurate and show faster RTs when 
making hand laterality judgments that match their own posture 
(Shenton et  al., 2004; Funk et  al., 2005; Ionta and Blanke, 2009). 
Conson et  al. (2016) hypothesized that as covert MI and overt 
execution become more independent during development, if motor 
simulation in autistic individuals is not fully effective, body posture 
would impact upon the ability to perform the task, influencing the 
biomechanical effect. As with Chen et al. (2018), RTs were slower for 
the autistic group and there was a significant biomechanical effect for 

both groups. However, this biomechanical effect was modulated by 
posture only in the autistic group, so that RTs were faster for postures 
that matched the hand stimuli, compared to postures that did not 
match. It is curious that the non-autistic group did not show a 
significant posture effect as in previous studies (Shenton et al., 2004; 
Funk et al., 2005; Ionta and Blanke, 2009). Consequently, another 
interpretation of these results is that the autistic group were behaving 
as expected, whereas the non-autistic group used a “shallower” form 
of MI. Overall, the results from these two studies suggest that autistic 
individuals can perform MI as evidenced by a biomechanical effect, 
but that this process is more effortful, inefficient or “deeper.”

In contrast to the above studies, Conson et al. (2013) did not find 
slower RTs or a significant biomechanical effect for RTs, or error rate, 
in autistic children and adolescents even though it was present in the 
non-autistic group. There was a significant slope effect in both groups 
which the authors suggested was due to the autistic group using 
mental object rotation to rotate the images, but unlike the non-autistic 
group did not use an embodied approach. Equivalent performance for 
both groups was found in a letter rotation task, emphasizing intact 
mental rotation in the autistic group. Chen et al. (2018) suggested that 
the discrepancy in findings could be due to the use of simpler stimuli 
reducing the engagement of MI (Dahm et al., 2022): Conson et al. 
(2013) used line drawing stimuli rather than 3D color images or 
photos and presented the hands in the back view only as opposed to 
front and back. This suggestion is supported by the lack of RT 
differences, suggesting that the autistic group found the task less 
complex and potentially used a strategy that did not involve MI.

A recent study used the hand rotation task to compare the same 
autistic and non-autistic children on the hand rotation task at three 
different age levels – 7, 8, and 9 years (Johansson et al., 2022). The 
autistic children had longer RTs and in contrast to the non-autistic 
group, who showed a biomechanical effect at each age point, they only 
showed a significant biomechanical effect at 7 and 9 years of age. 
Although this could suggest inconsistent MI, as the authors point out 
it could also reflect low power as there was a higher error rate for the 
lateral orientation in the 8 year old autistic group, so more trials would 
have been removed. In addition, at the start of the experiment, the 
authors checked whether the children were able to differentiate 
between a upright right and left hand and 5, 4 and 2 autistic children 
in the three age groups, respectively, were unable to perform this and 
therefore continue to the hand rotation task. Although this was a good 
check to perform, a limitation of this study is the low autistic 
participant number. The autistic groups also had slower RTs on a 
number rotation task at each age level, suggesting more general 
difficulties with mental rotation. Furthermore, the non-autistic group 
had higher intellectual abilities and a larger number of females. The 
inclusion of only the backs of hands may also have led to differences 
in MI between the groups as noted earlier.

As a later adjunct to their explicit imagery task (see later), Xie 
et  al. (2022) conducted a hand rotation task on autistic and 
non-autistic children and adolescents. As this was a follow up study 
contained in the articles Supplementary materials, minimal details are 
given and they reported no group differences in RTs, but less accurate 
performance for the autistic group. As no biomechanical effect was 
included, it is difficult to know whether either group used MI and the 
sample size is small.

One study used the mental object rotation version of the task in 
autistic and non-autistic adolescents and young adults 
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TABLE 1 Hand rotation tasks.

Study Autistic Non-autistic Stimuli and task Findings

Chen et al. (2018) N(f)

Age

IQ

22(2)

12.95 ± 1.04

108.48 ± 17.70

22(2)

13.47 ± 1.24

109.64 ± 9.42

3D images of front and 

back of hands either with 

spoon or bare hand. 

Rotated within frontal 

plane, sagittal plane and 

transverse plane.

6 orientations (0,60, 120, 

180, 240, 300°)

Response: right or left 

hand index finger key 

press

 • RT

 o ASC >NT;

 o Significant biomechanical effect in 

both groups and no group 

differences (when RT taken into 

account using biomechanical index)

 o Significant angle effect for 

both groups

Accuracy: No group differences

Conson et al. (2013) N(f)

Age

IQ

24(3)

13.4 ± 1.3

100

24(4)

13.3 ± 1.4

99.4

Line drawings of back of 

hands

4 orientations (0, 90, 180, 

270°)

Response: index or middle 

finger key press of right 

hand

 • RT:

 o Significant biomechanical effect in 

non-autistic group only

 o Significant angle effect for 

both groups

 • Error rate

Significant biomechanical effect in non-

autistic group only

Conson et al. (2016) N(f)

Age

IQ

18(1)

14.6 ± 4.2

110.3 ± 14.7

18(2)

14.8 ± 3.5

104.4 ± 7.5

Full color photographs of 

front and back of real 

hands

4 orientations (0, 90, 180, 

270°)

Response: right or left foot 

pedal press

 • RT

 o ASC >NT

 o Significant biomechanical effect in 

both groups

 • Error rate

 o Larger biomechanical effect for 

autistic group

Significant effect of posture on the 

biomechanical effect in autistic but not 

TD for RT and error rate

Johansson et al. 

(2022)

N(f)

Age

IQ

14(4)

7.10

82 ± 15.3

17(9)

7.9

106 ± 9.4

Color images of back of 

hands

4 orientations (0,

90, 180, 270°)

Children tested at 7, 8, 

9 years.

Response: right or left 

hand button press

 • RT and error rates

 o Significant biomechanical effect in 

both groups for 7 and 9 years

 o Absent biomechanical effect for 

autistic group at 8 years

Soulières et al. 

(2011)*

N(f)

Age

IQ

Peak: 14 (2), No-peak: 

11(1)

Peak:20.6 ± 7.2 No-peak: 

21.4 ± 4.6

Peak: 101.7 ± 13.1, No-

peak: 102.1 ± 11.5

14(2)

19.4 ± 3.8

103.0 ± 10.5

Line drawing of hands, 

different gestures

10 orientations (0–180°)

Task: Participants 

presented with 2 stimuli 

and indicate with a key 

press whether same/

different

 • RT

 o No group differences

 o Significant angle effect for all groups

 • Accuracy

 o Autistic peak group were 

significantly more accurate than 

non-autistic group; no differences 

between non-autistic and 

No-peak groups.

Significant angle effect for all groups

Xie et al. (2022) N(f)

Age

IQ

8

10.8 ± 2.4

–

8

10.5 ± 2.4

–

Not described  • RT

 o No group differences

 • Accuracy

Non-autistic > autistic

N(f), number of participants, with number of females in brackets. Mean age and IQ are given together with standard deviations. *Note that autistic group was split into groups based on 
performance of Wechsler block design task with those scoring relatively higher than their overall score being in the Peak group and the rest in the Non-peak group.
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(Soulières et  al., 2011). Participants were presented with two line 
drawings of a hand gesture rotated at different angles and were 
required to press a key to indicate whether the gestures were the same 
or different. In half the trials they were identical and in the other half 
one of the drawings was the mirror image. In order to successfully 
complete the task, participants must rotate one hand stimulus to 
compare whether it is identical to the other. The researchers were 
interested in understanding how the mental imagery ability of autistic 
individuals related to other visuospatial skills, such as those used in 

the Block Design subtest of the Wechsler Intelligence scales. 
Participants were divided into two groups according to whether they 
scored more highly (peak group) or not (no-peak group) than the 
standard scores on the Block Design subtest. Results indicated that the 
peak group only had higher accuracy then the non-autistic group, 
although it is unclear from the statistical reporting whether there were 
differences between the two autistic groups. A significant slope effect 
was found for all groups. The biomechanical effect was not examined 
so it is unclear whether participants were using MI to complete the 

TABLE 2 Body rotation tasks.

Study Autistic Non-autistic Stimuli and task Findings

Pearson et al. 

(2014)

N(f)

Age

IQ

18(1)

19.77 ± 4.95

97.61 ± 19.11

18(1)

18.44 ± 3.43

101.55 ± 18.33

Computer generated 3D images of 

person with one extended arm 

presented at different angles (0–160°)

Egocentric task: Judge whether left/

right arm of person is extended

Mental rotation task: Judge whether 

two images are the same/different

Response for both tasks: right or left 

hand index finger key press

 • Egocentric task:

 o RT greater and accuracy lower for 

autistic group

 o Significant angle effect for accuracy 

with no group differences

 o Significant angle effect for RTs for 

both groups, larger for autistic 

group (steeper slope)

 • Mental rotation task:

 o Significant angle effect for accuracy 

with no group differences

 o Significant angle effect for RT, no 

group differences in 

slope.Increased RTs for 

autistic group

Conson et al. 

(2015)

N(f)

Age

IQ

22(2)

13.3 ± 1.4

100.2 ± 5.2

22(2)

13.5 ± 1.5

100 ± 3.8

Line drawing of human figure from 

front or back view in 4 different 

angles.

Judge whether left or right hand 

marked

Response: index or middle finger key 

press of right hand

 • Accuracy:

 o No significant angle effect

 o Non-autistic group more accurate 

for back facing then front facing 

figures and more accurate than 

autistic group for back facing.

 • Reaction time

 o Significant angle effect for 

both groups

 o Non-autistic group faster for back 

facing then front facing figures, 

reverse for autistic group; 

Non-autistic group slower than 

autistic group for front facing and 

reverse pattern for back facing.

Pearson et al. 

(2016)

N(f)

Age

IQ

30(27)

9.03 ± 2.45

6.55 ± 2.19

30(18)

6.83 ± 1.66

6.68 ± 2.12

Photos of an actor in different 

postures. Participants point to which 

one of two photos matches the 

exemplar photo shown

 • No group differences in accuracy

Ring et al. (2018)* N(f)

Age

IQ

23(3)

38.81 ± 11.82

110 ± 18.7

18(8)

42.12 ± 12.14

110 ± 17.9

Image of man presented as right way 

up or standing on his head with his 

front or back to the participant

Judge whether disk in left or right 

hand

Response: unspecified

 • No significant group differences in 

accuracy or RTs

N(f), number of participants, with number of females in brackets. Mean age and IQ are given together with standard deviations. *Note that authors report that 4 participants did not complete 
the tasks or were excluded, but the remaining participants were still matched on age, gender and FSIQ. RTs, reaction times.
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task, although it could be argued that the visual comparison nature of 
the task, along with it being performed in the same session as other 
mental imagery tasks using geometrical figures and letters encouraged 
an object rotation approach.

In summary, repeated findings of an intact angle effect in studies 
examining hand rotation indicate that mental rotation of hands is 
intact in autistic individuals and even potentially enhanced in those 
with better visuospatial skills (Soulières et al., 2011). However, as not 
all studies measure the biomechanical effect it is unclear whether 

autistic participants are using a MI or a more general object rotation 
strategy. Those studies that have examined the biomechanical effect 
suggest that autistic individuals are using MI, although this seems 
more challenging compared to non-autistic individuals. Furthermore, 
autistic individuals may opt for object rotation strategies during 
simpler tasks where MI is less necessary or useful (Conson et al., 
2013). A final important point is that all these studies have been 
mainly performed on children or adolescent males, with very few 
female or adult participants.

TABLE 3 Explicit motor imagery tasks.

Study Autistic Non-autistic Stimuli and task Findings

Gowen et al. (2022) N(f)

Age

IQ

20(12)

32.1 ± 6.3

118 ± 12.7

22(11)

28.4 ± 7.5

114 ± 17.6

Questionnaire: KVIQ-20  • No significant group 

differences

David et al. (2010) N(f)

Age

IQ

19(8)

36.4 ± 9.3

131 ± 14

15(11)

31.2 ± 6.3

130 ± 10

Perspective taking task

Virtual character in front of two 

objects. Characters gesture to object, 

facial expression and body 

orientation changed between trials.

Participants required to indicate 

which object was elevated from 

perspective of character

 • No group differences in 

accuracy or RT

Conson et al. (2015) N(f)

Age

IQ

22(2)

13.3 ± 1.4

100.2 ± 5.2

22(2)

13.5 ± 1.5

100 ± 3.8

Perspective taking task

Photos of an actor who could 

be gazing toward/away or grasping/

not grasping an object

Judge whether the object is on the 

left/right of the actor from the view 

point of the actor

 • Faster RTs and increased 

number of correct (allocentric) 

responses when actor grasping 

object in non-autistic 

group only

Gauthier et al. (2018) N(f)

Age

IQ

26(5)

12.65 ± 3.66

94.33 ± 30.6

38(15)

12.03 ± 3.38

-

Perspective taking task

3D avatar of a tightrope walker 

Participants instructed to imagine 

their body in the position of the 

avatar and lean in the direction 

he was leaning

Movement direction measured

 • No significant group 

differences

Piedimonte et al. 

(2018)

N(f)

Age

IQ

N(f)

Age

IQ

Adolescents

16(14)

13.8 ± 2.9

102.06 ± 5.22

Adults

12(11)

28.3 ± 4.8

97 ± 16

Adolescents

18(16)

14 ± 2.9

101 ± 2.68

Adults

11(10)

24 ± 2.8

102 ± 1.8

Spatial bimanual task

Drawing line with right hand while 

drawing or imagining drawing a 

circle with left hand

 • Significant effect of imagery 

condition only in 

non-autistic group

Xie et al. (2022) N(f)

Age

IQ

20(4)

10.6 ± 2.69

60 ± 12.57

20(4)

10.88 ± 2.39

61.25 ± 12.76

Recall task

Participants given instructions for a 

series of actions then asked to look at 

pattern, imagine performing the 

actions or physically execute the 

actions

Outcome measure of span score: 

number of actions in the sequence 

orally recalled

 • Non-autistic span score: 

imagery condition>observe 

pattern condition

 • Autistic span score: imagery 

condition = observe 

pattern condition

 • Both groups: execution 

condition>observe pattern 

condition

N(f), number of participants, with number of females in brackets. Mean age and IQ are given together with standard deviations.

https://doi.org/10.3389/fnint.2024.1335694
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org


Gowen et al. 10.3389/fnint.2024.1335694

Frontiers in Integrative Neuroscience 09 frontiersin.org

Body rotation tasks
Details of the body rotation studies can be seen in Table  2 and 

Pearson et al. (2014) explored two body rotation tasks in autistic and 
non-autistic adolescents and young adults. In one task, termed the 
egocentric task, participants were asked to view an image of a man and 
judge the laterality of his extended arm using a keyboard press. For the 
mental rotation task, they were asked to judge whether two images of the 
man at different angular rotations, presented at the same time, were the 
same or different. The authors reasoned that the egocentric task involved 
participants relating their own body to the image on the screen (i.e., using 
MI), whereas the mental rotation task involved rotating and comparing 
the two images without relating to the participant’s own body (see 
discussion section for further details around this assumption for same/
different judgment tasks). Accuracy was lower and RTs higher for the 
autistic compared to non-autistic group in the egocentric task. Both 
groups showed a reduction in accuracy and longer RTs with increasing 
angle and this pattern in RTs was more apparent for the autistic group. For 
the mental rotation task, accuracy decreased with increasing angle and 
there were no significant group differences. However, RTs were slower for 
the autistic group, particularly for larger angles suggesting that they found 
the task more challenging. Overall, these findings suggest that the autistic 
group had greater difficulties for both tasks, but this was more apparent 
for the egocentric task where the presence of a (steeper) slope effect in the 
autistic group suggests more effortful MI. One confound mentioned by 
the authors is that as the egocentric task involves a laterality judgment and 
the mental rotation a same/different judgment, results could have been 
affected if autistic participants had a greater tendency to confuse right and 
left, particularly as the two groups were not matched on handedness.

Similar to the mental rotation task above, Pearson et al. (2016) 
used a variant of the body rotation task where children were shown a 
picture of a person in a particular posture (e.g., extending an arm) and 
had to choose which of two further pictures was a match. Although 
the non-autistic group were significantly younger, they were matched 
on verbal mental age. As found by Pearson et al. (2014), there were no 
significant differences in accuracy between the autistic and 
non-autistic children, although RTs were not reported.

Conson et al. (2015) presented autistic and non-autistic children 
and adolescents with a line drawing of a person facing toward or away 
from them, at four different angles, and asked them to judge whether 
the left or right hand of the person was marked. Participants were 
explicitly instructed to imagine themselves from the viewpoint of the 
figure. Non-autistic participants were more accurate and faster when 
judging back than front facing figures whereas the reverse was true for 
the autistic participants. This advantage for back facing figures is 
thought to be due to participants more easily imaging themselves into 
the position of the body presented, as opposed to either using mental 
object rotation strategies or needing to initially rotate oneself before 
superimposing one’s body on the image in front facing images (Kessler 
and Thomson, 2010; Conson et al., 2015; Dahm et al., 2022). Conson 
et al. (2015) suggest that the pattern reflects autistic individuals using 
a non-embodied mental object rotation strategy for both views, which 
is supported by a jump in RTs between 90 and 180 degree angles in the 
back facing view for the non-autistic group only. This jump reflects the 
increased difficulty in rotating oneself to superimpose on the upside-
down figure. However, it is difficult to know what strategy the autistic 
group was using. It is possible that this pattern in the autistic group 
was due to better object rotation processes for front facing stimuli and 
altered MI for back facing stimuli, with the jump in RTs being absent 

because of overall longer RTs. Or it could be  that they use a 
non-embodied strategy for both tasks, which is more efficient for front 
facing but less efficient for back facing.

Ring et al. (2018) used the “Manikin task” where autistic and 
non-autistic adults were required to report whether a man on the 
screen was holding a disk in his left or right hand. The man was 
presented the right way up or standing on his head with his front or 
back to the participant. There was no significant difference between 
the groups in terms of accuracy and RT, although there was a trend 
approaching significance for the autistic group to be more accurate. A 
drawback of this study is that as the task was performed as a control 
task to the main task assessing navigation, there are limited details on 
the stimulus and results for each orientation.

Summarizing the above studies, it is difficult to interpret whether 
participants were using MI due to the differences in stimuli and 
reported outcome measures across studies, as well as a lack of specific 
MI measures such as the biomechanical effect. Similar to the hand 
rotation studies, the majority of participants are male. Those studies 
with more details (Pearson et al., 2014; Conson et al., 2015) suggest that 
an embodied MI strategy may be more challenging and that mental, 
object rotation strategies may be favored by autistic participants.

Explicit measures of MI

Questionnaire studies
Details of the explicit MI studies can be seen in Table  3 and 

Gowen et  al. (2022) used the KVIQ-20 as one of the secondary 
measures in their study on action prediction. They found no 
significant differences between autistic and non-autistic adults for 
either the visual or kinesthetic dimension. Values for visual and 
kinesthetic components in this study were higher (i.e., more vivid 
imagery) than previously reported normative values, but the direction 
of higher visual compared kinesthetic scores was consistent with 
previous observations (Malouin et al., 2007).

Perspective taking tasks
David et al. (2010) asked adult participants to indicate which of 

two objects was elevated from the viewpoint of a virtual character 
whose gesture, facial expression and body orientation varied on each 
trial. For example, the character could be pointing to one object with 
a neutral expression and body turned toward the object. Participants 
were explicitly asked to imagine themselves standing in the position 
of character. There were no group differences in RTs or accuracy.

Using a similar design to David et al. (2010), Conson et al. (2015) 
asked autistic and non-autistic children and adolescents to observe a 
photograph of a person sitting at a table with a bottle or glass placed 
to the left or right of them and indicate which side the bottle was 
located. They were instructed to make the judgment from either their 
own perspective, or the perspective of the person. The actor could 
be  gazing toward/away or grasping/not grasping the object. 
Importantly, it has been previously shown that non-autistic 
participants imagine themselves from the viewpoint of the figure more 
frequently when the figure is grasping the object, reflecting 
embodiment processes. Focusing only on the “other” condition in the 
non-autistic group, the number of allocentric responses (from the 
viewpoint of the person in the photo), was significantly higher in the 
no gaze/no grasp., no gaze/yes grasp and yes gaze/yes grasp condition 
then the no actor condition. Similarly, RTs were faster in the no gaze/
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yes grasp and yes gaze/yes grasp conditions than the no actor 
condition. In contrast allocentric responses and RTs did not differ 
across conditions for the autistic group suggesting that they do not use 
an embodiment strategy when asked to take the perspective of the 
other person. These findings appear to contrast with David et  al. 
(2010), although this earlier study did not compare responses across 
the different gestures, facial expressions or body orientations. It is will 
be important for future research to clarify whether autistic individuals 
are less sensitive to using these cues, rather than there being an 
impairment of MI per se. For example, previous work examining 
automatic imitation in autistic individuals suggests that while 
automatic imitation is intact (Cracco et  al., 2019), modulation of 
automatic imitation by top-down cues such as facial expressions or 
social words is altered in autistic compared to non-autistic individuals 
(Bird et al., 2007; Forbes et al., 2017; Poliakoff and Gowen, in press).

Gauthier et al. (2018) used imitation to explore perspective taking 
in autistic children and adolescents. Participants observed a 3D avatar 
of a tightrope walker from the front or back and were instructed to 
imagine their body in the position of the avatar and lean in the direction 
he was leaning. If participants were to imagine themselves from the 
perspective of the tightrope walker, they should lean in the same 
direction. For example, if the tight rope walker leans to the right when 
front facing, the participants should also lean to the right (rather than 
an egocentric approach of mirroring the movement to the left). Findings 
revealed no significant differences between the groups, although both 
groups had high levels of ego centered movements in the front facing 
condition suggesting that this was challenging for both groups.

Results from relevant perspective tasks are limited and ambiguous, 
but the study by Conson et al. (2015) is suggestive of autistic children 
using a strategy that does not involve MI.

Spatial bimanual task
Piedimonte et al. (2018) found a significant difference between 

autistic and non-autistic adults and adolescents on a bimanual task 
that involved continuously drawing a line with their right hand in 
three conditions (a) on its own (unimanual condition) (b) while 
drawing circles with their left hand (bimanual condition) (c) while 
imagining drawing circles with their left hand (imagery condition). 
They calculated an Ovalisation Index for each participant, which was 
used to measure the deviation of the right-hand drawing from a 
vertical axis. Autistic and non-autistic participants showed a similar 
coupling effect (significant increase of ovalization index from the 
unimanual condition) in the bimanual condition. However, in the 
imagery condition, a significant coupling effect was only found for the 
non-autistic participants which remained the same when group 
comparisons were also performed for adults and adolescents 
separately. The study is interesting as it is one of the first to explicitly 
ask autistic participants to use MI and directly compares a motor with 
a MI task, suggesting that imagery is specifically affected. However, 
participants were not asked about how they completed the task, so it 
is possible that they did not understand or chose not to use 
MI. Another limitation is that the Ovalisation Index of the unimanual 
condition appears to be larger in the autistic compared to non-autistic 
group, which may have hidden any effects of imagery.

Recall task
Xie et al. (2022) examined the effect of MI or execution on the 

ability to recall a sequence of actions. Autistic and non-autistic 

children were given a series of instructions involving a sequence of 
actions on objects (e.g., push the mirror, shake the glove, touch the 
umbrella) then asked to either look at a pattern, imagine performing 
the action or perform the action. They then needed to orally recall the 
sequence of actions. Both groups showed better recall span (higher 
number of sequences recalled) following physical execution, but only 
the non-autistic group showed an improvement in recall for the MI 
condition. This is an interesting study, but as with Piedimonte et al. 
(2018) it is difficult to know whether the autistic children were unable 
to perform MI or simply did not attempt it. It would also be interesting 
to know whether those participants who physically performed the task 
before the MI condition were better able to engage in MI and whether 
this was more apparent for the autistic group.

Discussion

This review aimed to provide an understanding of the current 
state of knowledge around MI in autism. Focusing on the implicit 
tasks, there appears to be good evidence of a biomechanical effect in 
children for hand laterality tasks (Conson et al., 2016; Chen et al., 
2018; Johansson et al., 2022), suggesting the presence of MI. Where a 
biomechanical effect was absent in the autistic group, this seems to 
be explained by methodological differences such as reduced stimulus 
richness or limitations in power (Conson et al., 2013; Johansson et al., 
2022). Interestingly, all of these hand rotation studies involve children 
and adolescents, with none being performed with autistic adults. For 
the body rotation studies that use a laterality judgment, there are 
mixed results with evidence of differences in processing between the 
two groups (Pearson et al., 2014; Conson et al., 2015) or no group 
differences (Ring et al., 2018). Although further studies are required, 
there does not appear to be a difference in findings according to age. 
However, the challenge with these tasks is that they do not consistently 
report the same measures (e.g., front vs. back and angle effect), and 
without these tasks being able to measure a biomechanical effect it is 
difficult to interpret how participants are performing the task. 
Furthermore, when an angle effect is measured, the presence of a 
steeper slope in autistic individuals (Pearson et  al., 2014) could 
be interpreted as either difficulties in MI processing or “deeper” MI 
(Kessler and Wang, 2012). The latter fits with the observation of an 
increased posture effect in the autistic group (Conson et al., 2016).

The presence of implicit MI in the hand rotation task fits with 
findings of comparable automatic imitation ability in autistic and 
non-autistic groups (Cracco et  al., 2019; Poliakoff and Gowen, in 
press), both of which are thought to involve motor simulation. 
However, group differences have been observed for other behaviors 
that involve motor simulation such as voluntary imitation (Wild et al., 
2012; Edwards, 2014; Vivanti and Hamilton, 2014; Gowen et al., 2020), 
action understanding (Vivanti et  al., 2011; Todorova et  al., 2019; 
Federici et al., 2020) and action prediction (Gowen et al., 2022). It may 
be that in comparison to implicit MI and automatic imitation, these 
other behaviors require dynamic and more detailed sensory motor 
processing involving comparison with predictions to produce an 
accurate percept or action. This greater demand on sensorimotor 
integration could result in group differences (Gowen et al., 2023).

Three tasks used the same/different judgment variant of the 
rotation tasks (Soulières et  al., 2011; Pearson et  al., 2014, 2016). 
However, for these type of tasks, object rotation strategies appear to 
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be the preferred strategy in typical populations (Zacks and Tversky, 
2005; Yu and Zacks, 2010; Steggemann et  al., 2011), limiting the 
conclusions that can be drawn from these studies. In addition, the 
biomechanical effect tends not to be examined in these tasks, although 
this is possible to include. Furthermore, none of the studies directly 
compared the angle effect between hand (palms) or body (facing 
toward) and object stimuli which has been the previous method in 
typical groups to differentiate MI from object rotation strategies 
(Parsons, 1987; Yu and Zacks, 2010; Steggemann et al., 2011). It is 
interesting to note that autistic and non-autistic groups perform more 
similarly on this task, suggesting that mental object rotation is similar 
in both these groups. Indeed, including an object rotation task with 
all hand and body rotation tasks is valuable for several reasons 
including distinguishing whether group differences could be due to 
general mental rotation and motor coordination difficulties, as well as 
difficulties in left/right judgments. Interestingly, those studies that 
included both a hand and object rotation task (Conson et al., 2013; 
Chen et al., 2018) showed that group differences were only present in 
the former task highlighting that that these group differences were 
specific to hand processing and unlikely to be caused by the above 
confounding factors.

A variety of tasks examined explicit MI in autistic children, 
adolescents and adults. As discussed in the introduction, visual 
perspective taking tasks do not necessarily involve MI (Ward et al., 
2022), so we focused on those tasks that made reference to body parts 
and were more likely to elicit MI. There are too few studies to make 
firm conclusions, although the findings of Conson et  al. (2015) 
showing that the responses of the autistic group did not vary when the 
observed actor was grasping an object suggests that MI was not used. 
Surprisingly only one study has used a questionnaire measure (Gowen 
et al., 2022) and found no group differences in their self-rated clarity 
and intensity of visual and kinesthetic imagery. Of note is that it has 
been suggested that questionnaires such as the KVIQ could be used 
to provide a “snapshot” of MI ability as they involve generation of a 
motor image, which may be most critical for MI ability (Kraeutner 
et al., 2020). The two studies that compared explicit MI with physical 
execution (Piedimonte et al., 2018; Xie et al., 2022), both revealed that 
the autistic group did not engage MI. These explicit tasks would 
benefit from qualitative input from the participants as in previous 
work with non-autistic groups (Zacks and Tversky, 2005; Yu and 
Zacks, 2010; Gardner et al., 2013) to understand what strategies they 
were using and add context to the findings. There were no clear 
differences in MI according to age group, although the same tasks 
would need to be conducted across ages to clarify this. A further 
consideration for both the reviewed and future explicit MI studies is 
that a full description of the instructions is provided. For example, Van 
Caenegem et al. (2022) highlighted substantial underreporting of the 
instructed modality and perspective which can lead to challenges with 
replication, understanding and synthesizing of studies, which 
we would add is particularly important when studying heterogeneous 
conditions such as autism. Future studies would benefit from following 
the recently published Guidelines for Reporting Action Simulation 
Studies (Moreno-Verdú et al., 2023).

A clear conclusion from this systematic review is that the field 
would benefit from a battery of implicit and explicit MI tasks being 
conducted across the same groups of autistic children, adolescents and 
adults. Recent work in typical populations has highlighted that MI 
involves many different dimensions. For example, Kraeutner et al. 

(2020) asked typical participants to perform a variety of MI tasks such 
as questionnaires, hand laterality and chronometry and conducted a 
PCA analysis on the data. They observed that tasks loaded onto three 
main components termed “generation,” “manipulation” and 
“maintenance” of motor images. Conducting a similar study in autistic 
and non-autistic individuals would allow greater understanding of 
whether specific MI processes are functionally equivalently or not, and 
whether social ability may be related to the different tasks. Similarly, 
it will also be important to directly compare implicit and explicit MI 
ability as they are likely to involve different processes: implicit MI 
mostly relies on motor representations within the parietal cortex and 
may not require motor preparation or control related to the activation 
of supplementary motor area usually associated with explicit MI (Hétu 
et al., 2013). A further aspect that future studies would benefit from is 
a comparison of MI with execution of the same action, or some 
measure of motor ability, to assess the potential relationships between 
motor coordination difficulties and MI. It is possible that autistic 
participants with motor coordination difficulties may still be able to 
accurately imagine their own (less accurate or slower) movements as 
has been found for people with Parkinson’s Disease (for discussion of 
this see, Poliakoff, 2013).

A better understanding of MI in autistic individuals has 
implications around support for motor coordination difficulties that 
are common in this population but infrequently assessed or treated 
(Zampella et al., 2021). Research is beginning to highlight the benefit 
of using MI to improve motor coordination in individuals with 
Developmental Coordination Disorder (Scott et al., 2021), suggesting 
that this may also be a useful approach for autistic people. Using 
qualitative focus group methods, Gowen et  al. (2023) recently 
described the range of motor coordination difficulties and their 
impact from the viewpoint of autistic adults. They also explored what 
strategies participants used and some participants described the 
importance of pre-planning, visualization and imagining, although 
others found this too challenging. Therefore, employing MI techniques 
may well be beneficial for some autistic people, although an individual 
approach is likely to be most appropriate. Indeed, MI ability in typical 
populations is variable (Moran et  al., 2012; Cumming and Eaves, 
2018) and influenced by multiple factors such as sporting and dance 
experience, MI practice, motor and cognitive ability and tactile 
discrimination (Isaac and Marks, 1994; Arvinen-Barrow et al., 2007; 
Pelletier et al., 2018; Krüger et al., 2020; Dhouibi et al., 2021; Mao 
et  al., 2022). Therefore, future research examining MI ability and 
impact of MI training on motor coordination in autistic populations 
will need to take into account individual differences.

Limitations

One limitation of the literature on MI in autism is the presence of 
a sex bias with most of the studies mainly including males. Kessler and 
Wang (2012) showed that females are more likely to take an embodied 
approach (i.e., imagining oneself in the new orientation) to visual 
perspective tasks, whereas other studies suggest that males are better 
than females on mental rotation (Geiser et  al., 2008). It will 
be important for future studies to include more balanced groups and 
examine the presence of possible sex differences. A further limitation 
is that the majority of studies involving the hand laterality task involve 
children, making it difficult to generalize the findings to the adult 
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population. Explicit MI tasks were too varied and few to draw firm 
conclusions. A third limitation was the lack of studies investigating the 
neural processes underlying MI in autistic individuals. This would 
be a valuable future direction, particularly in relation to identifying 
possible differences in how autistic individuals might perform MI 
tasks. Finally, one study was included that was labeled as “exclude” 
according to quality assessment, but we felt it was important to present 
the study due to this being the first systematic review of the topic the 
overall small number of studies on the topic of MI in autism.

Conclusion

In summary, the presence of a biomechanical effect in autistic 
children performing hand rotation tasks suggests that they are able to 
implicitly use MI. However, further research on both hand and body 
rotation tasks is required in both children and adults to follow up 
suggestions that there may be group differences in the effort or depth 
of MI. Conclusions about explicit MI tasks are complicated by the 
small number of studies, the range of tasks conducted, with some the 
tasks potentially not tapping into MI. The field would benefit from 
research comparing a range of MI tasks in autistic and non-autistic 
children and adults to better understand what elements of MI may 
be  affected and to assess the therapeutic potential of MI in 
these populations.

Data availability statement

The original contributions presented in the study are included in 
the article/Supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

EG: Conceptualization, Data curation, Investigation, 
Methodology, Supervision, Writing – original draft, Writing – review 

& editing. EE: Data curation, Investigation, Methodology, Writing – 
original draft, Writing – review & editing. EP: Conceptualization, 
Investigation, Methodology, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to thank Megan Hallewell for help with formatting 
and discussion around some aspects of the review.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnint.2024.1335694/
full#supplementary-material

References
American Psychiatric Association, DSM-5 Task Force (2013). Diagnostic and statistical 

manual of mental disorders: DSM-5™ (5th ed.). American Psychiatric Publishing, Inc.

Arvinen-Barrow, M., Weigand, D. A., Thomas, S., Hemmings, B., and Walley, M. 
(2007). Elite and novice Athletes' imagery use in open and closed sports. J. Appl. Sport 
Psychol. 19, 93–104. doi: 10.1080/10413200601102912

Bek, J., Holmes, P. S., Craig, C. E., Franklin, Z. C., Sullivan, M., Webb, J., et al. (2021). 
Action imagery and observation in neurorehabilitation for Parkinson's disease 
(ACTION-PD): development of a user-informed home training intervention to improve 
functional hand movements. Parkinsons Disease 2021:4559519. doi: 
10.1155/2021/4559519

Bhat, A. N. (2021). Motor impairment increases in children with autism Spectrum 
disorder as a function of social communication, cognitive and functional impairment, 
repetitive behavior severity, and comorbid diagnoses: A SPARK study report. Autism 
Res. 14, 202–219. doi: 10.1002/aur.2453

Binks, J. A., Emerson, J. R., Scott, M. W., Wilson, C., van Schaik, P., and Eaves, D. L. 
(2023). Enhancing upper-limb neurorehabilitation in chronic stroke survivors using 
combined action observation and MI therapy. Front. Neurol. 14:1097422. doi: 10.3389/
fneur.2023.1097422

Bird, G., Leighton, J., Press, C., and Heyes, C. (2007). Intact automatic imitation of 
human and robot actions in autism spectrum disorders. Proc. R. Soc. B Biol. Sci. 274, 
3027–3031. doi: 10.1098/rspb.2007.1019

Butson, M. L., Hyde, C., Steenbergen, B., and Williams, J. (2014). Assessing MI using 
the hand rotation task: does performance change across childhood? Hum. Mov. Sci. 35, 
50–65. doi: 10.1016/j.humov.2014.03.013

Caligiore, D., Mustile, M., Spalletta, G., and Baldassarre, G. (2017). Action observation 
and MI for rehabilitation in Parkinson's disease: A systematic review and an integrative 
hypothesis. Neurosci. Biobehav. Rev. 72, 210–222. doi: 10.1016/j.neubiorev.2016.11.005

Chen, Y. T., Tsou, K. S., Chen, H. L., Wong, C. C., Fan, Y. T., and Wu, C. T. (2018). 
Functional but inefficient kinesthetic MI in adolescents with autism Spectrum disorder. 
J. Autism Dev. Disord. 48, 784–795. doi: 10.1007/s10803-017-3367-y

Conson, M., Hamilton, A., De Bellis, F., Errico, D., Improta, I., Mazzarella, E., et al. 
(2016). Body constraints on motor simulation in autism Spectrum disorders. J. Autism 
Dev. Disord. 46, 1051–1060. doi: 10.1007/s10803-015-2652-x

Conson, M., Mazzarella, E., Esposito, D., Grossi, D., Marino, N., Massagli, A., et al. 
(2015). “Put myself into your place”: embodied simulation and perspective taking in 
autism Spectrum disorders. Autism Res. 8, 454–466. doi: 10.1002/aur.1460

Conson, M., Mazzarella, E., Frolli, A., Esposito, D., Marino, N., Trojano, L., et al. 
(2013). MI in Asperger syndrome: testing action simulation by the hand laterality task. 
PLoS One 8:e70734. doi: 10.1371/journal.pone.0070734

Cracco, E., Keysers, C., Clauwaert, A., and Brass, M. (2019). Representing multiple 
observed actions in the motor system. Cereb. Cortex 29, 3631–3641. doi: 10.1093/cercor/
bhy237

https://doi.org/10.3389/fnint.2024.1335694
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnint.2024.1335694/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnint.2024.1335694/full#supplementary-material
https://doi.org/10.1080/10413200601102912
https://doi.org/10.1155/2021/4559519
https://doi.org/10.1002/aur.2453
https://doi.org/10.3389/fneur.2023.1097422
https://doi.org/10.3389/fneur.2023.1097422
https://doi.org/10.1098/rspb.2007.1019
https://doi.org/10.1016/j.humov.2014.03.013
https://doi.org/10.1016/j.neubiorev.2016.11.005
https://doi.org/10.1007/s10803-017-3367-y
https://doi.org/10.1007/s10803-015-2652-x
https://doi.org/10.1002/aur.1460
https://doi.org/10.1371/journal.pone.0070734
https://doi.org/10.1093/cercor/bhy237
https://doi.org/10.1093/cercor/bhy237


Gowen et al. 10.3389/fnint.2024.1335694

Frontiers in Integrative Neuroscience 13 frontiersin.org

Cumming, J., and Eaves, D. L. (2018). The nature, measurement, and development of 
imagery ability. Imagin. Cogn. Pers. 37, 375–393. doi: 10.1177/0276236617752439

Dahm, S. F., Muraki, E. J., and Pexman, P. M. (2022). Hand and foot selection in 
mental body rotations involves motor-cognitive interactions. Brain Sci. 12:1500. doi: 
10.3390/brainsci12111500

David, N., Aumann, C., Bewernick, B. H., Santos, N. S., Lehnhardt, F. G., and 
Vogeley, K. (2010). Investigation of mentalizing and visuospatial perspective taking for 
self and other in Asperger syndrome. J. Autism Dev. Disord. 40, 290–299. doi: 10.1007/
s10803-009-0867-4

De Vries, S., and Mulder, T. (2007). MI and stroke rehabilitation: a critical. J. Rehabil. 
Med. 39, 5–13. doi: 10.2340/16501977-0020

Dhouibi, M. A., Miladi, I., Racil, G., Hammoudi, S., and Coquart, J. (2021). The effects 
of sporting and physical practice on visual and kinesthetic MI vividness: A comparative 
study between athletic, physically active, and exempted adolescents. Front. Psychol. 
12:776833. doi: 10.3389/fpsyg.2021.776833

Eaves, D. L., Hodges, N. J., Buckingham, G., Buccino, G., and Vogt, S. (2022). 
Enhancing MI practice using synchronous action observation. Psychol. Res. doi: 
10.1007/s00426-022-01768-7. Advance online publication. doi:10.1007/
s00426-022-01768-7

Eaves, D. L., Riach, M., Holmes, P. S., and Wright, D. J. (2016). MI during action 
observation: a brief review of evidence, theory and future research opportunities. Front. 
Neurosci. 10:514. doi: 10.3389/fnins.2016.00514

Edwards, L. A. (2014). A meta-analysis of imitation abilities in individuals with autism 
spectrum disorders. Autism Res. 7, 363–380. doi: 10.1002/aur.1379

Federici, A., Parma, V., Vicovaro, M., Radassao, L., Casartelli, L., and Ronconi, L. 
(2020). Anomalous perception of biological motion in autism: A conceptual review and 
Meta-analysis. Sci. Rep. 10:4576. doi: 10.1038/s41598-020-61252-3

Forbes, P. A., Wang, Y., and de Hamilton, A. F. (2017). STORMy interactions: gaze and 
the modulation of mimicry in adults on the autism spectrum. Psychon. Bull. Rev. 24, 
529–535. doi: 10.3758/s13423-016-1136-0

Fournier, K. A., Hass, C. J., Naik, S. K., Lodha, N., and Cauraugh, J. H. (2010). Motor 
coordination in autism spectrum disorders: a synthesis and meta-analysis. J. Autism Dev. 
Disord. 40, 1227–1240. doi: 10.1007/s10803-010-0981-3

Frank, C., Kraeutner, S. N., Rieger, M., and Boe, S. G. (2023). Learning motor actions via 
imagery-perceptual or motor learning? Psychol. Res. doi: 10.1007/s00426-022-01787-4

Funk, M., Brugger, P., and Wilkening, F. (2005). Motor processes in children’s imagery: 
the case of mental rotation of hands. Dev. Sci. 8, 402–408. doi: 
10.1111/j.1467-7687.2005.00428.x

Gallese, V., and Sinigaglia, C. (2011). What is so special about embodied simulation? 
Trends Cogn. Sci. 15, 512–519. doi: 10.1016/j.tics.2011.09.003

Gallese, V. (2003). The roots of empathy: the shared manifold hypothesis and the neural 
Basis of Intersubjectivity. Psychopathology 36, 171–180. doi: 10.1159/000072786

Gardner, M. R., Brazier, M., Edmonds, C. J., and Gronholm, P. C. (2013). Strategy 
modulates spatial perspective-taking: evidence for dissociable disembodied and 
embodied routes. Front. Hum. Neurosci. 7:457. doi: 10.3389/fnhum.2013.00457

Gauthier, S., Anzalone, S. M., Cohen, D., Zaoui, M., Chetouani, M., Villa, F., et al. 
(2018). Behavioral own-body-transformations in children and adolescents with 
typical development, autism Spectrum disorder, and developmental coordination 
disorder. Front. Psychol. 9:676. doi: 10.3389/fpsyg.2018.00676

Geiser, C., Lehmann, W., and Eid, M. (2008). A note on sex differences in mental rotation 
in different age groups. Intelligence 36, 556–563. doi: 10.1016/j.intell.2007.12.003

Gowen, E., Earley, L., Waheed, A., and Poliakoff, E. (2023). From "one big 
clumsy mess" to "a fundamental part of my character." autistic adults' experiences 
of motor coordination. PLoS One 18:e0286753. doi: 10.1371/journal.
pone.0286753

Gowen, E., and Hamilton, A. (2013). Motor abilities in autism: A review using a 
computational context. J. Autism Dev. Disord. 43, 323–344. doi: 10.1007/
s10803-012-1574-0

Gowen, E., Poliakoff, E., Shepherd, H., and Stadler, W. (2022). Measuring the 
prediction of observed actions using an occlusion paradigm: comparing autistic and 
non-autistic adults. Autism Res. 15, 1636–1648. doi: 10.1002/aur.2716

Gowen, E., Vabalas, A., Casson, A. J., and Poliakoff, E. (2020). Instructions to attend 
to an observed action increase imitation in autistic adults. Autism 24, 730–743. doi: 
10.1177/1362361319882810

Gregg, M., Hall, C., and Butler, A. (2010, 2010). The MIQ-RS: a suitable option for 
examining movement imagery ability. Evid. Based Complement. Alternat. Med. 7, 
249–257. doi: 10.1093/ecam/nem170

Guillot, A., Collet, C., Nguyen, V. A., Malouin, F., Richards, C., and Doyon, J. (2009). 
Brain activity during visual versus kinesthetic imagery: an fMRI study. Hum. Brain 
Mapp. 30, 2157–2172. doi: 10.1002/hbm.20658

Hall, C. R., and Martin, K. A. (1997). Measuring movement imagery abilities: a 
revision of the movement imagery questionnaire. J. Ment. Imag. 21, 143–154.

Hannant, P., Cassidy, S., Tavassoli, T., and Mann, F. (2016). Sensorimotor difficulties 
are associated with the severity of autism Spectrum conditions. Front. Integr. Neurosci. 
10:28. doi: 10.3389/fnint.2016.00028

Hardwick, R. M., Caspers, S., Eickhoff, S. B., and Swinnen, S. P. (2018). Neural 
correlates of action: comparing meta-analyses of imagery, observation, and execution. 
Neurosci. Biobehav. Rev. 94, 31–44. doi: 10.1016/j.neubiorev.2018.08.003

Hétu, S., Grégoire, M., Saimpont, A., Coll, M. P., Eugène, F., Michon, P. E., et al. (2013). 
The neural network of MI: an ALE meta-analysis. Neurosci. Biobehav. Rev. 37, 930–949. 
doi: 10.1016/j.neubiorev.2013.03.017

Hurst, A. J., and Boe, S. G. (2022). Imagining the way forward: A review of 
contemporary MI theory. Front. Hum. Neurosci. 16:1033493. doi: 10.3389/
fnhum.2022.1033493

Ionta, S., and Blanke, O. (2009). Differential influence of hands posture on mental 
rotation of hands and feet in left and right handers. Exp. Brain Res. 195, 207–217. doi: 
10.1007/s00221-009-1770-0

Isaac, A. R., and Marks, D. F. (1994). Individual differences in mental imagery 
experience: developmental changes and specialization. Br. J. Psychol. 85, 479–500.

Jeannerod, M. (1994). The representing brain: neural correlates of motor intention 
and imagery. Behav. Brain Sci. 17, 187–202. doi: 10.1017/S0140525X00034026

Jeannerod, M. (2001). Neural simulation of action: A unifying mechanism for motor 
cognition. NeuroImage 14, S103–S109. doi: 10.1006/nimg.2001.0832

Jeannerod, M., and Frak, V. (1999). Mental imaging of motor activity in humans. Curr. 
Opin. Neurobiol. 9, 735–739. doi: 10.1016/s0959-4388(99)00038-0

Johansson, A. M., Rudolfsson, T., Bäckström, A., Rönnqvist, L., von Hofsten, C., 
Rosander, K., et al. (2022). Development of MI in school-aged children with autism 
Spectrum disorder: A longitudinal study. Brain Sci. 12:1307. doi: 10.3390/
brainsci12101307

Kessler, K., and Thomson, L. A. (2010). The embodied nature of spatial perspective 
taking: embodied transformation versus sensorimotor interference. Cognition 114, 
72–88. doi: 10.1016/j.cognition.2009.08.015

Kessler, K., and Wang, H. (2012). Spatial perspective taking is an embodied process, 
but not for everyone in the same way: differences predicted by sex and social skills score. 
Spat. Cogn. Comput. 12, 133–158. doi: 10.1080/13875868.2011.634533

Kikuchi, A., Baba, T., Hasegawa, T., Sugeno, N., Konno, M., Miura, E., et al. (2014). 
Improvement of freezing of gait in patients with Parkinson's disease by imagining 
bicycling. Case Reports Neurol. 6, 92–95. doi: 10.1159/000362119

Kraeutner, S. N., Eppler, S. N., Stratas, A., and Boe, S. G. (2020). Generate, maintain, 
manipulate? Exploring the multidimensional nature of MI. Psychol. Sport Exerc. 
48:101673. doi: 10.1016/j.psychsport.2020.101673

Krüger, B., Zabicki, A., Grosse, L., Naumann, T., and Munzert, J. (2020). Sensory 
features of mental images in the framework of human actions. Conscious. Cogn. 
83:102970. doi: 10.1016/j.concog.2020.102970

Leonard, H. C., Elsabbagh, M., and Hil, E. L.the BASIS team (2014). Early and 
persistent motor difficulties in infants atrisk of developing autism spectrum 
disorder: A prospective study (2014). Eur. J. Dev. Psychol. 11, 18–35. doi: 
10.1080/17405629.2013.801626

Lim, Y. H., Partridge, K., Girdler, S., and Morris, S. L. (2017). Standing postural 
control in individuals with autism Spectrum disorder: systematic review and Meta-
analysis. J. Autism Dev. Disord. 47, 2238–2253. doi: 10.1007/s10803-017-3144-y

Lum, J. A. G., Shandley, K., Albein-Urios, N., Kirkovski, M., Papadopoulos, N., 
Wilson, R. B., et al. (2020). Meta-analysis reveals gait anomalies in autism. Autism 
research: official journal of the International Society for Autism Research 14, 733–747. doi: 
10.1002/aur.2443. Advance online publication. doi:10.1002/aur.2443

Malouin, F., Richards, C. L., Jackson, P. L., Lafleur, M. F., Durand, A., and Doyon, J. 
(2007). The kinesthetic and visual imagery questionnaire (KVIQ) for assessing MI in 
persons with physical disabilities: a reliability and construct validity study. J. Neurol. 
Phys. Ther. 31, 20–29. doi: 10.1097/01.NPT.0000260567.24122.64

Mao, X., Huang, S., Ouyang, M., Xie, Y., and Tan, X. (2022). Effect of skill proficiency 
on MI ability between amateur dancers and non-dancers. Front. Psychol. 13:899724. doi: 
10.3389/fpsyg.2022.899724

McAvinue, L., and Robertson, I. (2008). Measuring MI ability: A review. Eur. J. Cogn. 
Psychol. 20, 232–251. doi: 10.1080/ 09541440701394624

Michelon, P., and Zacks, J. M. (2006). Two kinds of visual perspective taking. Percept. 
Psychophys. 68, 327–337. doi: 10.3758/bf03193680

Moola, S., Munn, Z., Tufanaru, C., Aromataris, E., Sears, K., Sfetcu, R., et al. (2020). 
“Chapter 7: systematic reviews of etiology and risk” in JBI manual for evidence synthesis. 
JBI. eds. E. Aromataris and Z. Munn Available from https://synthesismanual.jbi.global

Moran, A., Campbell, M., Holmes, P. S., and MacIntyre, T. (2012). “Mental imagery, 
action observation and skill learning” in Skill acquisition in sport: Research, theory and 
practice. eds. N. J. Hodges and M. Williams (London: Routledge Taylor & Francis 
Group), 94–111.

Moreno-Verdú, M., Hamoline, G., Van Caenegem, E. E., Waltzing, B. M., Forest, S., 
Chembila-Valappil, A., et al. (2023). Guidelines for reporting action simulation studies 
(GRASS): Proposals to improve reporting of research in MI and action observation. 
Neuropsychologia 192:108733. doi: 10.1016/j.neuropsychologia.2023.108733

Morrison, S., Armitano, C. N., Raffaele, C. T., Deutsch, S. I., Neumann, S. A., 
Caracci, H., et al. (2018). Neuromotor and cognitive responses of adults with autism 
spectrum disorder compared to neurotypical adults. Exp. Brain Res. 236, 2321–2332. 
doi: 10.1007/s00221-018-5300-9

https://doi.org/10.3389/fnint.2024.1335694
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org
https://doi.org/10.1177/0276236617752439
https://doi.org/10.3390/brainsci12111500
https://doi.org/10.1007/s10803-009-0867-4
https://doi.org/10.1007/s10803-009-0867-4
https://doi.org/10.2340/16501977-0020
https://doi.org/10.3389/fpsyg.2021.776833
https://doi.org/10.1007/s00426-022-01768-7. Advance online publication. 10.1007/s00426-022-01768-7
https://doi.org/10.1007/s00426-022-01768-7. Advance online publication. 10.1007/s00426-022-01768-7
https://doi.org/10.3389/fnins.2016.00514
https://doi.org/10.1002/aur.1379
https://doi.org/10.1038/s41598-020-61252-3
https://doi.org/10.3758/s13423-016-1136-0
https://doi.org/10.1007/s10803-010-0981-3
https://doi.org/10.1007/s00426-022-01787-4
https://doi.org/10.1111/j.1467-7687.2005.00428.x
https://doi.org/10.1016/j.tics.2011.09.003
https://doi.org/10.1159/000072786
https://doi.org/10.3389/fnhum.2013.00457
https://doi.org/10.3389/fpsyg.2018.00676
https://doi.org/10.1016/j.intell.2007.12.003
https://doi.org/10.1371/journal.pone.0286753
https://doi.org/10.1371/journal.pone.0286753
https://doi.org/10.1007/s10803-012-1574-0
https://doi.org/10.1007/s10803-012-1574-0
https://doi.org/10.1002/aur.2716
https://doi.org/10.1177/1362361319882810
https://doi.org/10.1093/ecam/nem170
https://doi.org/10.1002/hbm.20658
https://doi.org/10.3389/fnint.2016.00028
https://doi.org/10.1016/j.neubiorev.2018.08.003
https://doi.org/10.1016/j.neubiorev.2013.03.017
https://doi.org/10.3389/fnhum.2022.1033493
https://doi.org/10.3389/fnhum.2022.1033493
https://doi.org/10.1007/s00221-009-1770-0
https://doi.org/10.1017/S0140525X00034026
https://doi.org/10.1006/nimg.2001.0832
https://doi.org/10.1016/s0959-4388(99)00038-0
https://doi.org/10.3390/brainsci12101307
https://doi.org/10.3390/brainsci12101307
https://doi.org/10.1016/j.cognition.2009.08.015
https://doi.org/10.1080/13875868.2011.634533
https://doi.org/10.1159/000362119
https://doi.org/10.1016/j.psychsport.2020.101673
https://doi.org/10.1016/j.concog.2020.102970
https://doi.org/10.1080/17405629.2013.801626
https://doi.org/10.1007/s10803-017-3144-y
https://doi.org/10.1002/aur.2443. Advance online publication. 10.1002/aur.2443
https://doi.org/10.1097/01.NPT.0000260567.24122.64
https://doi.org/10.3389/fpsyg.2022.899724
https://doi.org/10.1080/ 09541440701394624
https://doi.org/10.3758/bf03193680
https://synthesismanual.jbi.global
https://doi.org/10.1016/j.neuropsychologia.2023.108733
https://doi.org/10.1007/s00221-018-5300-9


Gowen et al. 10.3389/fnint.2024.1335694

Frontiers in Integrative Neuroscience 14 frontiersin.org

Mulder, T., Zijlstra, S., Zijlstra, W., and Hochstenbach, J. (2004). The role of MI in 
learning a totally novel movement. Exp. Brain Res. 154, 211–217. doi: 10.1007/
s00221-003-1647-6

Munzert, J., Lorey, B., and Zentgraf, K. (2009). Cognitive motor processes: the role of 
MI in the study of motor representations. Brain Res. Rev. 60, 306–326. doi: 10.1016/j.
brainresrev.2008.12.024

Muth, A., Hönekopp, J., and Falter, C. M. (2014). Visuo-spatial performance in autism: 
A Meta-analysis. J. Autism Dev. Disord. 44, 3245–3263. doi: 10.1007/s10803-014-2188-5

Ohara, R., Kanejima, Y., Kitamura, M., and Izawa, K. P. (2019). Association between 
social skills and motor skills in individuals with autism Spectrum disorder: A systematic 
review. Eur J Investig Health Psychol Educ. 10, 276–296. doi: 10.3390/ejihpe10010022 
PMID: 34542485

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., 
et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ 372:n71. doi: 10.1136/bmj.n71

Parsons, L. M. (1987). Imagined spatial transformation of one’s body. J. Exp. Psychol. 
Gen. 116, 172–191. doi: 10.1037/0096-3445.116.2.172

Parsons, L. M. (1994). Temporal and kinematic properties of motor behavior reflected 
in mentally simulated action. J. Exp. Psychol. Hum. Percept. Perform. 20, 709–730. doi: 
10.1037//0096-1523.20.4.709

Pearson, A., Marsh, L., Hamilton, A., and Ropar, D. (2014). Spatial transformations of 
bodies and objects in adults with autism spectrum disorder. J. Autism Dev. Disord. 44, 
2277–2289. doi: 10.1007/s10803-014-2098-6

Pearson, A., Marsh, L., Ropar, D., and Hamilton, A. (2016). Cognitive mechanisms 
underlying visual perspective taking in typical and ASC children. Autism Res. 9, 
121–130. doi: 10.1002/aur.1501

Pelletier, R., Bourbonnais, D., Higgins, J., Mireault, M., Danino, M. A., and 
Harris, P. G. (2018). Left right judgement task and sensory, motor, and cognitive 
assessment in participants with wrist/hand pain. Rehabil. Res. Pract. 2018, 1–13. doi: 
10.1155/2018/1530245

Piedimonte, A., Conson, M., Frolli, A., Bari, S., Della Gatta, F., Rabuffetti, M., et al. 
(2018). Dissociation between executed and imagined bimanual movements in autism 
spectrum conditions. Autism Res. 11, 376–384. doi: 10.1002/aur.1902

Poliakoff, E. (2013). Representation of action in Parkinson's disease: imagining, 
observing and naming actions. J. Neuropsychol. 7, 241–254. doi: 10.1111/jnp.12005

Poliakoff, E., and Gowen, E. (in press). “Automatic imitation of hand movements in 
clinical and neurodiverse populations” in Automatic Imitation. eds. O. Genschow and 
E. Cracco (Springer Nature)

Ring, M., Gaigg, S. B., Altgassen, M., Barr, P., and Bowler, D. M. (2018). Allocentric 
versus egocentric spatial memory in adults with autism Spectrum disorder. J. Autism 
Dev. Disord. 48, 2101–2111. doi: 10.1007/s10803-018-3465-5

Rizzolatti, G., and Sinigaglia, C. (2010). The functional role of the parieto-frontal 
mirror circuit: interpretations and misinterpretations. Nat. Rev. Neurosci. 11, 264–274. 
doi: 10.1038/nrn2805

Sacrey, L. A., Germani, T., Bryson, S. E., and Zwaigenbaum, L. (2014). Reaching and 
grasping in autism spectrum disorder: a review of recent literature. Front. Neurol. 5:6. 
doi: 10.3389/fneur.2014.00006. PMID: 24478753

Scott, M. W., Wood, G., Holmes, P. S., Williams, J., Marshall, B., and Wright, D. J. 
(2021). Combined action observation and MI: an intervention to combat the neural and 
behavioural deficits associated with developmental coordination disorder. Neurosci. 
Biobehav. Rev. 127, 638–646. doi: 10.1016/j.neubiorev.2021.05.015

Shenton, J. T., Schwoebel, J., and Coslett, H. B. (2004). Mental MI and the body 
schema: evidence for proprioceptive dominance. Neurosci. Lett. 370, 19–24. doi: 
10.1016/j.neulet.2004.07.053

Shepard, R. N., and Metzler, J. (1971). Mental rotation of three-dimensional objects. 
Science 171, 701–703. doi: 10.1126/science.171.3972.701

Simonsmeier, B., Andronie, M., Buecker, S., and Frank, C. (2020). The effects of 
imagery interventions in sports: a meta-analysis. Int. Rev. Sport Exerc. Psychol. 14, 
186–207. doi: 10.1080/1750984X.2020.1780627

Sirigu, A., and Duhamel, J. R. (2001). Motor and visual imagery as two complementary 
but neurally dissociable mental processes. J. Cogn. Neurosci. 13, 910–919. doi: 
10.1162/089892901753165827

Soulières, I., Zeffiro, T. A., Girard, M. L., and Mottron, L. (2011). Enhanced mental 
image mapping in autism. Neuropsychologia 49, 848–857. doi: 10.1016/j.
neuropsychologia.2011.01.027

Steggemann, Y., Engbert, K., and Weigelt, M. (2011). Selective effects of motor 
expertise in mental body rotation tasks: comparing object-based and perspective 
transformations. Brain Cogn. 76, 97–105. doi: 10.1016/j.bandc.2011.02.013

Stinear, C. M., Byblow, W. D., Steyvers, M., Levin, O., and Swinnen, S. P. (2006). 
Kinesthetic, but not visual, MI modulates corticomotor excitability. Exp. Brain Res. 168, 
157–164. doi: 10.1007/s00221-005-0078-y

Sun, Y., Wei, W., Luo, Z., Gan, H., and Hu, X. (2016). Improving MI practice with 
synchronous action observation in stroke patients. Top. Stroke Rehabil. 23, 245–253. doi: 
10.1080/10749357.2016.1141472

Tamir, R., Dickstein, R., and Huberman, M. (2007). Integration of MI and physical 
practice in group treatment applied to subjects with Parkinson’s disease. Neurorehabil. 
Neural Repair 21, 68–75. doi: 10.1177/1545968306292608

Todorova, G. K., Hatton, R. E. M., and Pollick, F. E. (2019). Biological motion 
perception in autism spectrum disorder: a meta-analysis. Mol. Autism. 10:49. doi: 
10.1186/s13229-019-0299-8

Torres, E. B., and Donnellan, A. M. (2015). Editorial for research topic "autism: the 
movement perspective". Front. Integr. Neurosci. 9:12. doi: 10.3389/fnint.2015.00012

Toth, A., McNeill, E., Hayes, K., Moran, A., and Campbell, M. (2020). Does mental 
practice still enhance performance? A 24-year follow-up and meta-analytic replication 
and extension. Psychol. Sport Exerc. 48:7. doi: 10.1016/j.psychsport.2020.101672

Van Caenegem, E. E., Hamoline, G., Waltzing, B. M., and Hardwick, R. M. (2022). 
Consistent under-reporting of task details in MI research. Neuropsychologia 177:108425. 
doi: 10.1016/j.neuropsychologia.2022.108425

Vivanti, G, and Hamilton, A (2014). Chapter 12 imitation in autism Spectrum disorders. 
In Handbook of autism and pervasive developmental disorders, 4th. Eds Volkmar, R., Rogers, 
Sally J., Paul, Rhea, and Pelphrey, Kevin A.. (John Wiley & Sons, Inc), 279–294

Vivanti, G., McCormick, C., Young, G. S., Abucayan, F., Hatt, N., Nadig, A., et al. 
(2011). Intact and impaired mechanisms of action understanding in autism. Dev. 
Psychol. 47, 841–856. doi: 10.1037/a0023105

Vogt, S., di Rienzo, F., Collet, C., Collins, A., and Guillot, A. (2013). Multiple roles of MI 
during action observation. Front. Hum. Neurosci. 7:807. doi: 10.3389/fnhum.2013.00807

Ward, E., Ganis, G., McDonough, K. L., and Bach, P. (2022). Is implicit Level-2 visual 
perspective-taking embodied? Spontaneous perceptual simulation of others' perspectives 
is not impaired by motor restriction. Q. J. Experiment. Psychol. 75, 1244–1258. doi: 
10.1177/17470218221077102

Wild, K. S., Poliakoff, E., Jerrison, A., and Gowen, E. (2012). Goal-directed and goal-
less imitation in autism spectrum disorder. J. Autism Dev. Disord. 42, 1739–1749. doi: 
10.1007/s10803-011-1417-4

Williams, S. E., Guillot, A., Di Rienzo, F., and Cumming, J. (2015). Comparing self-
report and mental chronometry measures of MI ability. Eur. J. Sport Sci. 15, 703–711. 
doi: 10.1080/17461391.2015.1051133

Wolpert, D. M., Doya, K., and Kawato, M. (2003). A unifying computational 
framework for motor control and social interaction. Philos. Trans. R. Soc. Lond. Ser. B 
Biol. Sci. 358, 593–602. doi: 10.1098/rstb.2002.1238

Wong, L., Manson, G. A., Tremblay, L., and Welsh, T. N. (2013). On the relationship 
between the execution, perception, and imagination of action. Behav. Brain Res. 257, 
242–252. doi: 10.1016/j.bbr.2013.09.045

Xie, T., Ma, H., Wang, L., and Du, Y. (2022). Can enactment and MI improve working 
memory for instructions in children with autism Spectrum disorder and children with 
intellectual disability? J. Autism Dev. Disord. 54, 131–142. doi: 10.1007/
s10803-022-05780-z

Yu, A., and Zacks, J. (2010). The role of animacy in spatial transformations. Mem. 
Cogn. 38, 982–993. doi: 10.3758/mc.38.7.982

Zacks, J. M., and Tversky, B. (2005). Multiple systems for spatial imagery: 
transformations of objects and bodies. Spatial Cognit. Comput. 5, 271–306. doi: 10.1207/
s15427633scc0504_1

Zampella, C. J., Wang, L. A. L., Haley, M., Hutchinson, A. G., and de Marchena, A. 
(2021). Motor skill differences in autism Spectrum disorder: a clinically focused review. 
Curr. Psychiatry Rep. 23:64. doi: 10.1007/s11920-021-01280-6

https://doi.org/10.3389/fnint.2024.1335694
https://www.frontiersin.org/journals/integrative-neuroscience
https://www.frontiersin.org
https://doi.org/10.1007/s00221-003-1647-6
https://doi.org/10.1007/s00221-003-1647-6
https://doi.org/10.1016/j.brainresrev.2008.12.024
https://doi.org/10.1016/j.brainresrev.2008.12.024
https://doi.org/10.1007/s10803-014-2188-5
https://doi.org/10.3390/ejihpe10010022
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1037/0096-3445.116.2.172
https://doi.org/10.1037//0096-1523.20.4.709
https://doi.org/10.1007/s10803-014-2098-6
https://doi.org/10.1002/aur.1501
https://doi.org/10.1155/2018/1530245
https://doi.org/10.1002/aur.1902
https://doi.org/10.1111/jnp.12005
https://doi.org/10.1007/s10803-018-3465-5
https://doi.org/10.1038/nrn2805
https://doi.org/10.3389/fneur.2014.00006
https://doi.org/10.1016/j.neubiorev.2021.05.015
https://doi.org/10.1016/j.neulet.2004.07.053
https://doi.org/10.1126/science.171.3972.701
https://doi.org/10.1080/1750984X.2020.1780627
https://doi.org/10.1162/089892901753165827
https://doi.org/10.1016/j.neuropsychologia.2011.01.027
https://doi.org/10.1016/j.neuropsychologia.2011.01.027
https://doi.org/10.1016/j.bandc.2011.02.013
https://doi.org/10.1007/s00221-005-0078-y
https://doi.org/10.1080/10749357.2016.1141472
https://doi.org/10.1177/1545968306292608
https://doi.org/10.1186/s13229-019-0299-8
https://doi.org/10.3389/fnint.2015.00012
https://doi.org/10.1016/j.psychsport.2020.101672
https://doi.org/10.1016/j.neuropsychologia.2022.108425
https://doi.org/10.1037/a0023105
https://doi.org/10.3389/fnhum.2013.00807
https://doi.org/10.1177/17470218221077102
https://doi.org/10.1007/s10803-011-1417-4
https://doi.org/10.1080/17461391.2015.1051133
https://doi.org/10.1098/rstb.2002.1238
https://doi.org/10.1016/j.bbr.2013.09.045
https://doi.org/10.1007/s10803-022-05780-z
https://doi.org/10.1007/s10803-022-05780-z
https://doi.org/10.3758/mc.38.7.982
https://doi.org/10.1207/s15427633scc0504_1
https://doi.org/10.1207/s15427633scc0504_1
https://doi.org/10.1007/s11920-021-01280-6

	Motor imagery in autism: a systematic review
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Screening
	Data extraction and strategy for data synthesis

	Results
	Study selection
	Quality assessment
	Study characteristics
	Implicit measures of MI
	Hand rotation tasks
	Body rotation tasks
	Explicit measures of MI
	Questionnaire studies
	Perspective taking tasks
	Spatial bimanual task
	Recall task

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Author contributions

	References

