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Abstract
[bookmark: _Hlk171608247]Objective: The present study investigated whether autistic adults report different levels of mental imagery vividness than non-autistic adults, and, moreover, if autism is associated with aphantasia which is defined as a condition of reduced or absent voluntary imagery. Design and Methods: Clinically diagnosed and self-identifying autistic participants were compared with non-autistic participants in their mental imagery vividness (vision, sound, smell, taste, touch, bodily sensation and emotional feeling) and autistic traits using an online survey (N = 121). Results: The autistic group scored significantly lower than the non-autistic group on imagery vividness (d = -0.44), in addition to having a higher proportion of participants scoring at cut-off for aphantasia. Moreover, a similar difference was observed for the emotional feel (η2 = .11). Conclusion: The vividness of visual and emotional mental imagery was on average lower for autistic individuals, with a higher proportion presenting at cut-off to be considered an aphantasic. 
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Introduction
Autism is characterised as a neurodevelopmental condition, presenting with difficulties in reciprocal social interactions and communication, in addition to repetitive movements and behaviours, and often hyper/hyposensitivity or unusual interest to sensory aspects of the environment (Murphy et al., 2016). While possible cognitive differences in autistic compared to non-autistic (see Monk et al., 2022) populations continue to be a source of scientific debate (e.g., Baron-Cohen & Wheelwright, 2003; Demetriou et al., 2018; Jassim et al., 2021; Maw et al., 2024; Nader et al., 2015; Oliveras et al., 2012; Van der Hallen et al., 2015), current literature leaves open many questions. One specific question that is both pertinent and currently debated, is whether or not autistic individuals present with differences in the ability to generate mental imagery. 
Previous work has described autistic individual’s mental representations as more detailed and suggests that they may use mental imagery more frequently and, on some components, outperform their non-autistic counterparts (Bled et al., 2021; Bled et al., 2024). Conversely, other researchers have demonstrated a negative relationship between autistic traits and visualisation scores, and that specific differences (e.g., in imagination) are related to reduced mental imagery vividness (Hatakeyama, 2024). It is also noted that aphantasic individuals, who have greatly diminished or entirely absent visual mental imagery, score higher on autistic traits (Dance et al., 2021a; Milton et al., 2021). Therefore, it is evident that autistic individuals may present with differences in mental imagery; however, exactly how these cognitive differences manifest is still not clear and requires further investigation. This is especially pertinent with regard to the vividness of mental imagery, given the potential connection to aphantasia and the important role that imagery plays in many day-to-day cognitive activities such as memory, emotion and imagination (e.g., Nanay, 2023; Wicken et al., 2021; Zeman et al., 2020). 
Mental Imagery and Mental Imagery Vividness
Mental imagery is the experience of sensory information that has been generated internally, in the absence of external stimulus (Pearson et al., 2015). This cognitive process can be experienced across modalities and shares mechanisms with perception (Dance et al., 2021b, Nanay, 2018; Pearson et al., 2015; Pearson et al., 2019). For example, during visual imagery tasks, it has been observed that, amongst other areas such as the prefrontal cortex, the visual cortices are recruited in a similar manner to when perceiving visual information (Dijkstra et al., 2017; Lee at al., 2012; Naselaris et al., 2015). Although the mechanisms driving this activity may be distinct (e.g., inhibitory rather than excitatory; Pace et al., 2023), there is evidence to suggest that both subjective ratings of visual imagery vividness and performance on visual imagery experimental tasks are correlated with occipital activity (Cui et al., 2007; Amedi et al., 2005). When we consider the composition of visual mental imagery, the weight of evidence now generally indicates that mental imagery can be represented in a depictive (pictorial) format (Pearson & Kosslyn, 2015) and that the vividness of this imagery can vary substantially from person to person (Floridou et al., 2022; Pearson, 2019; Zeman et al., 2020). 
Although the concept of mental imagery can be abstract, it has a profound influence on many daily tasks, such as planning, navigating, remembering and decision making (Pearson et al., 2015). Perhaps this influence can be considered of particular pertinence in the context of autism given the suggestion that autistic individuals use visual strategies and recruit visual brain regions even on language comprehension and verbal reasoning tasks (Kana, 2006; Sahyoun et al., 2010). Measuring mental imagery can be complex given its internal nature, with measurement taking the form of experimental paradigms (e.g., Pearson et al., 2008; Pearson et al., 2011) and self-report methods. The most common method of self-report currently is the Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973), a questionnaire that was designed to measure vividness of mental imagery. Within this method individuals are asked to generate a series of images and rate the vividness of each image on a scale ranging from no image to perfectly clear and as vivid as normal vision. Although the different approaches have their own strengths and limitations the self-report measures such as the VVIQ have been associated with neural correlates of visual mental imagery (Fulford et al., 2018; Runge et al., 2017). In comparison to the more experimental approaches, VVIQ provides a more global approach to measuring mental imagery vividness (Runge et al., 2017) and provides a good starting point to examine differences between cohorts. 
Differences in Mental Imagery in Autism
The literature on whether capacity for mental imagery represents a cognitive strength or deficit for autistic people presents quite a mixed picture (e.g., Bled et al., 2021; Bled et al., 2024; Crane et al., 2012; Erdődi et al., 2013; Hughes et al., 2018; Kana et al., 2006). Early research was influenced by the speculation that being autistic was akin to being a visual thinker (Grandin, 1995; 2009), referring to the preference of thinking with depictive images rather than verbal propositions. This view aligns with Bled et al.’s (2021) work in which a group of autistic individuals reported more frequent use of visual mental representations and defined these representations as more detailed than controls. When describing their inner experience, they also utilised more perceptive visual themes in comparison to controls that utilized more verbal description of events and memories. Furthermore, autistic individuals have been seen to have greater activation of the visual cortex compared across a range of tasks (e.g., Koshino et al., 2005; Manjaly et al., 2007). This observation has extended to tasks that are not necessarily designed to tap into visual imagery processes. For example, Kana et al. (2006) found that autistic participants showed an increase of activity in the parietal and occipital regions of the brain associated with mental imagery when asked to comprehend low imagery sentences, implying that autistic participants tend to engage with more mental imagery than controls even on tasks where use of imagery is not particularly necessary (also see Sahyoun et al., 2010). These findings suggest that within the autistic population the use of mental imagery is of importance, however, whether there are differences in mental imagery ability and vividness is a separate consideration to frequency or preference. 
Recently, Bled et al. (2024) examined mental imagery in 44 autistic and 42 non-autistic adults across a range of tasks including image generation, visual pattern test (maintenance), image scanning (inspecting mental images) and mental rotation (manipulating mental images). They found that on the image generation task and the mental rotation task autistic and non-autistic groups performed equivalently (accuracy and reaction time). However, autistic individuals demonstrated a higher visual span and no impact of distance during the scanning task. This is suggestive that the autistic group had better maintenance and scanning of mental imagery and aligns with an atypical perceptual processing style in autism (suggested to reflect an increased weight of perception-based information relative to a top-down effect of knowledge and language). It is worth noting that in correspondence to Bled et al.’s (2024) study, a recent meta-analysis found a nonsignificant effect of mental rotation (Muth et al., 2014), an effect also noted in the aphantasic population that present with reduced mental imagery vividness but intact mental rotation performance (Kay et al., 2024).
One particular visual task where autistic individuals have been found to perform better than non-autistic controls is on block design tests (Shah & Frith, 1993; Muth et al., 2014). In the block design task, the participant is instructed to mentally rearrange coloured blocks to fit a certain pattern, and therefore, it is utilised as a measure of spatial visualization ability. One explanation of the observed advantage is that autistic individuals have a greater capacity to form, access, and manipulate visual mental representations (e.g., veridical mapping; Soulieres et al. 2011). However, the possibility remains that this advantage may not be underpinned by a superior ability to form vivid mental images, but instead could exclusively relate to differences in perceptual processing with a focus on local rather than global details (Maw et al., 2024; Muth et al., 2014; Van der Hallen et al., 2015). Therefore, it is unclear whether this advantage is indeed related to mental imagery ability and to further this it has been noted that block design performance has a component of spatial imagery, rather than solely relying on image generation. Once again, it is of particular note that visuo-spatial performance has been found to remain intact in individuals with aphantasia (see Zeman et al., 2010; Zeman et al., 2015). 
	Although our understanding of mental imagery in autism is developing, as far as we are aware there is no study to date that has explicitly examined mental imagery vividness in an autistic sample. Bled et al. (2024) have examined image generation and did not find any evidence to suggest differences between autistic and non-autistic groups, however, they did not focus on the vividness of the images created. They did, however, demonstrate differences in the maintenance and scanning of mental imagery. Although, previous work has demonstrated a link between superior mental imagery vividness and visual short-term memory (Keogh & Pearson, 2011; 2014) there is also work that has suggested that the number of details remembered is not necessarily correlated to the perceived vividness of memoranda (Cooper et al., 2019) or found no evidence of a relationship between mental imagery vividness (as reported on the VVIQ) and visual short-term memory (across spatial and non-spatial features of recall; Tabi et al, 2022). Therefore, whether this observed advantage may be related to mental imagery vividness is at present, unclear.
Vividness of Mental Imagery and Aphantasia
Galton (1880) is typically credited with the original discussion of the idea that vividness of images that appear in our minds could be an important individual difference amongst people, with some people reporting vivid, powerful mental imagery whilst others report experiencing weaker and less clear images. Zeman et al. (2015, p. 4) defined aphantasia as “a condition of reduced or absent voluntary imagery”. The term comes from the Greek word for imagination, ‘phantasia’ with the prefix ‘a’ added to denote absence (Monzel et al., 2022). The prevalence of aphantasia in the general population varies considerably between studies, but across two studies Dance et al. (2022) estimated the prevalence at approximately 3.9%, and pretty evenly split across males and females. Part of the reason for the considerable variation in prevalence estimates is due to an ongoing debate over the definition of aphantasia and whether it should include both reduced or absent voluntary imagery as Zeman et al. (2015) defined it or whether it should refer only to absent imagery (e.g., Blomkvist & Marks, 2023; Monzel et al., 2022). Using a stricter cut-off point on the VVIQ to determine aphantasia, Zeman et al. (2020) reported a prevalence rate of only 0.7%, demonstrating the rarity of the more extreme cases. 
Link between Autism and Aphantasia?
Of particular relevance to the present study, Dance et al. (2021a) investigated if aphantasia is associated with autism. Dance et al. matched 118 aphantasics with controls and examined differences in their score on the Autism Spectrum Quotient (AQ; Baron-Cohen et al., 2001) test, which measures autistic traits. In their study, aphantasics scored significantly lower on imagination and social skills demonstrating a link to autistic traits. These findings are similar to Hatakeyama (2024) who demonstrated a link between the AQ imagination subscale and mental imagery vividness, with the high scoring unimaginative group demonstrating lower imagery vividness in a sample of 250 college students. They also found that the group that scored high on the AQ total score also presented with lower visualization scores. Although mental imagery is distinct from the concept of imagination, it is interconnected and important as it is utilized within the process of imagination (Nanay, 2023). Imagination is a skill that has been suggested to be difficult for autistic individuals, either more generally (e.g., Low et al., 2009) or more specifically with regard to social contexts (Ten Eycke & Müller, 2015). Therefore, this observed connection between mental imagery vividness and autistic traits warrants further study and present study aims to look at the vividness of mental imagery in a sample of autistic individuals and compare them to a non-autistic comparator group.
Vividness of Other Sensory Modalities
Although literature has generally focused on visual imagery, mental imagery is a multimodal process that involves an interaction of multiple senses (Nanay, 2018). For example, Bacon et al. (2020) explored the cross-modal sensory issue and administered the Bucknell Auditory Imagery Scale (BAIS) which assesses the vividness of audio imagery across musical, verbal, and environmental sounds. Bacon et al. found that autistic people scored significantly lower than non-autistics on the vividness of voice and environmental sounds but less so for music. This indicates that there could be some level of impact in vividness for audio stimuli in autistic individuals. Further research is needed to examine if these findings can be replicated across other scales than the BAIS, and if differences in audio imagery also extend to other modalities such as visual imagery.
An interesting observation by Dance et al. (2021a) is that participants with aphantasia were likely to also demonstrate reduced imagery across other sensory domains (e.g., olfactory, tactile, gustatory, bodily sensation). Of their sample, 62% of aphantasics demonstrated diminished imagery across all domains tested and 97% had reduced imagery in at least one another domain. This observation has led Dance and colleagues to propose the term dysikonesia, rather than the term aphantasia which is visual imagery specific. Another observation of note is that Dance et al. (2021b) also reported that individuals with aphantasia also presented with perceptual hyposensivity across all domains, demonstrating a connection between perception and mental imagery vividness. Both hyper- and hypo-perceptual sensitivities have been found to be prevalent in autistic individuals, with a study by Billstedt et al. (2007) demonstrating that within their adult autistic sample 93% reported a sensory difference (across domains), with 45% reporting sensitivity to visual stimuli specifically. Considering the similarities between imagery and perception and the observation that autistic individuals often present with sensory differences across domains (e.g., Balasco et al., 2020; Bennetto et al., 2007; Rotschafer, 2021), another important consideration would be to see whether autistic individuals also present with multi-domain mental imagery differences. 
Present Study
The research reviewed above highlights substantive discrepancies in our understanding regarding the visual imagery abilities of autistic individuals. To begin to address these discrepancies the present study will firstly aim to compare autistic participants’ visual mental imagery vividness scores to a control sample of non-autistic participants using the VVIQ (Marks, 1973) and the visual sub-scale of the Psi-Q (Plymouth Sensory Imagery Questionnaire; Andrade et al., 2014). It is predicted that (H1) the group of autistic participants will score differently on the visual mental imagery vividness scales as compared to the non-autistic group. To further investigate the link between autism and mental imagery the research by Dance et al. (2021a) was extended to examine whether aphantasia (indicated by a score < 32 or < 16 on the VVIQ) is more prevalent in autistic participants as compared to the non-autistic participants. Based on Dance et al.’s (2021a) findings it is hypothesized that (H2) there will be a higher proportion of individuals with aphantasia in the autistic group as compared to the non-autistic group.
There are relatively few studies examining imagery across the different sensory modalities in an autistic sample. Therefore, a further exploratory analysis will be run to understand whether differences in mental imagery might also extend to other sensory modalities. To achieve this purpose, the autistic group will be compared to the non-autistic group on the other subscales of the Psi-Q (audition, smell, taste, touch, bodily sensation and emotional feel). In consideration that the results from Bacon et al. (2020) suggest differences in audition it is tentatively predicted that (H3) the group of autistic participants will score differently on mental imagery vividness across a range of sensory modalities as compared to the group of non-autistic participants. 
Method
Participants 
There was a total of 121 participants. Participants naturally fell into three groups, clinically diagnosed autistic (N = 55, mean age = 36.85, SD = 14.03), self-identifying autistic (N = 19, mean age = 42.16, SD = 12.66) and non-autistic (N = 46, mean age = 40.96, SD = 14.58). The overall mean age of participants was 39.27 (SD = 14.11). No participants were removed from the analysis. Participants were recruited online, through posting an advertisement of the study containing a link for people to click on, and through word of mouth. The advertisement was posted to multiple Facebook groups/pages and emailed through the National Autistic Society XXXX (withheld for blind peer-review) Branch newsletter, where it was encouraged to be shared amongst people interested in autism. Although we referred to aphantasia in the study debrief process, we did not attempt to target people with aphantasia or extreme mental imagery in the advertisement/recruiting process. However, we did target Facebook pages about autism to recruit autistic participants. Although males are more likely to be diagnosed as autistic (Loomes et al., 2017), participants were predominantly female (71% female, 26% male and 3% non-binary/prefer not to say), likely because they are more likely to participate in online surveys. Ethical approval was granted by the Research Ethics procedures at the University of X (withheld for blind review). Participants were not offered reimbursement. 

Measures
Categorizing Diagnosis 
Participants were asked the question “Have you had an official diagnosis of autism or Asperger’s Syndrome?”. We categorized them based on three responses: 1) “Yes”, which was entered into the autistic (diagnosed) group; 2) "I believe I'm autistic but have not had an official diagnosis", which was entered into the autistic (self-identifying) group or 3) “No,” which was entered into the non-autistic group. As there is a large portion of the population undiagnosed with autism (Baron Cohen et al., 2009) due to barriers towards getting a diagnosis (Lewis, 2017) we felt it was valuable to include people who strongly suspected they were on the autistic spectrum but had not yet been officially diagnosed. To ensure the combination of the groups is reasonable a comparison of AQ-50 scores will be reported. 
Studies in the autism literature often term the control group of non-autistic participants as ‘neurotypical’ but this is often done without any reason or evidence of the absence of other forms of neurodivergence. As we did not have a screening test for a range of neurodivergent differences or conditions, we have chosen the label ‘non-autistic’ which is a term used to describe people who are not affected by autism (Monk et al., 2022). Although it is recognised that the preference for person-first (people with autism) and identity-first (autistic people) can vary, based on recommendations from Monk et al. (2022) we also have chosen to use identity-first language. 
The Autistic Quotient (AQ-50; Baron-Cohen et al., 2001).
The goal of the AQ-50 is to measure autistic traits. The AQ has 50 questions, where participants rate how much they agree with the statements from “definitely agree” to “definitely disagree”, on a scale of 1 - 4. Answers are scored as either 1 or 0, where 1 is scored for responses that are “definitely or slightly”, with approximately half the items being reverse scored. The 5 traits measured are communication (e.g. “Other people frequently tell me that what I’ve said is impolite, even though I think it is polite”), social skills (e.g. “I prefer to do things with others rather than on my own”), imagination (e.g. “when I’m reading a story, I find it easy to imagine what the characters look like”), attention to detail (e.g. “I often notice small sounds when others do not”) and attention switching (e.g. “I prefer to do things the same way over and over again”). A total score of between 0 and 50 is calculated, with higher scores indicating the presence of more autistic traits.  The internal consistency of the scale was excellent (α = 0.94).
The Vividness of Visual Imagery Questionnaire (VVIQ; Marks, 1973; Pearson, 1995).
The goal of the VVIQ is to measure the vividness of visual imagery. The VVIQ consists of 16 questions, where participants are asked to imagine a certain visual scenario, and then rate the vividness of the subscale on a scale of 1 - 5, with 1 being “No image at all, you only “know” that you are thinking of an object” and 5 being “Perfectly clear and as vivid as normal vision”. Therefore, scores range from 16-80 with higher scores indicating clearer visual imagery. A sample item includes: “Visualize a rising sun. Consider carefully the picture that comes before your mind’s eye… The sun is rising above the horizon into a hazy sky”. The VVIQ is usually done first with eyes closed and then with eyes open, with a separate score calculated for each condition; however, we only used the eyes open segment of the VVIQ. This decision was made due to concerns about participant recruitment, the potential burden of the length of the survey.  The eyes open condition was selected for comparability with the visual subsection of the Psi-Q which is performed with eyes open (Andrade et al., 2014). The internal consistency of the scale was excellent (α = 0.96). 
The VVIQ will also be used to categorised participants based on the presence of aphantasia. Aphantasic was defined by scoring 32 points or lower on the VVIQ. There is currently no standard definition for categorising aphantasia, but our study is using a cut-off consistent with previous literature such as Dance et al. (2021a)’s categorisation of  32 or below (minimum score = 16) on the VVIQ. To score 32 or lower on the VVIQ you would score as “vague and dim” to “No image at all, you only ‘know’ that you are thinking of an object” on most questions. Moreover, given the recent discussions around whether aphantasia should be considered only if there is an absence of visual imagery (Blomkvist & Marks, 2023; Monzel et al., 2022; Zeman et al., 2015) the stricter cut-off of 16 will also be examined. 
The Plymouth Sensory Imagery Questionnaire (Psi-Q; Andrade et al., 2014).
[bookmark: _Hlk71264919]The Psi-Q is a 35-item questionnaire that aims to measure mental imagery across 7 sensory modalities (Vision, Sound, Smell, Taste, Touch, Bodily Sensation and Emotional Feeling), with 5 questions for each sensory experience. Participants are asked to rate each question on a scale of 0 - 10, with 0 being the equivalent to “no image at all” and 10 being “as clear and as vivid as real life”. Examples of the questions are “imagine the appearance of… a friend you know well” for visual, “imagine the sound of… an ambulance siren” for sound, “Imagine the smell of… a stuffy room” for smell, “imagine the taste of… mustard” for taste, “imagine touching… warm sand” for touch, “imagine the bodily sensation of… relaxing in a warm bath” for bodily feel, and “imagine feeling… excited” for emotions. Scores were calculated by finding the mean response in each subscale (Andrade et al., 2014). The internal consistency of each subscale in our sample was as follows: Vision (α = 0.932); Sound (α = 0.96); Smell (α = 0.95), Taste (α = 0.93), Touch (α = 0.96), Bodily Feel (α = 0.94); and Emotion (α = 0.90).
Procedure
Participants were directed to the study through a link to the Qualtrics online survey platform. Participants were informed the objective of the study was to investigate mental imagery vividness, Autism and Aphantasia, and those who gave consent proceeded to complete the survey. Participants were asked their age and gender at the start of the study. They then completed the VVIQ, followed by the Psi-Q, and then the AQ-50. The Qualtrics forced-choice response function was employed, meaning every participant that finished the study answered every question, with the exception of one participant who did not enter their age. The study protocol took approximately 1 hour to complete. 
Design & Analysis
The study was an independent measures design comparing an autistic group to an non-autistic comparator group on mental imagery vividness. Firstly, visual mental imagery (as measured by the VVIQ) and the proportion of individuals meeting the cut off for aphantasia will be compared across groups. These comparisons will be made using independent t-tests and Fisher’s exact test. Secondly an exploratory analysis across the 7 subscales of the Psi-Q (Vision, Sound, Smell, Taste, Touch, Bodily Sensation and Emotional Feeling) will be conducted. Given the potential for cross domain differences a MANOVA was used for this purpose. The analysis was run in R version 4.3.1 (R Core Team, 2023) and utilized packages such as tidyverse (2.0.0, Wickham et al., 2019) and effect size (0.8.6, Ben-Shachar et al., 2020). Outliers were identified as scores over 2.58 standard deviations from the mean and the impact on the analysis critically discussed if removed. 
Results
AQ-50 Comparison 
To understand the comparability of the two autistic sub-groups the AQ-50 scores were compared between the clinically diagnosed autistic (N = 55), self-diagnosed autistic (N = 19) and non-autistic (N = 47) groups. There was negative skew noted in the clinically diagnosed autistic group due to an outlier which was 2.76 standard deviations below the group mean. It was observed that removal of the outlier did not impact the statistical conclusions and, therefore, the data point was retained within the analysis. The assumption of homogeneity of error variances had been met, F(2, 118) = 1.17, p = .314. Despite the slight negative skew, a One-Way Between Subjects ANOVA was deemed appropriate to conduct the group analysis (Blanca et al., 2017).
A significant main effect of autism group on AQ-50 scores was observed, F(2, 118) = 97.27, p < .001, ω2 = .61 (see Figure 1). Bonferroni corrected post-hoc tests revealed that on average the non-autistic group scored significantly lower on the AQ-50 as compared to both the clinically diagnosed (M difference = 19.80, 95% CI [16.11, 23.49], p < .001) and self-diagnosed (M difference = 20.20, 95% CI [15.15, 25.25], p < .001) autistic groups. However, the difference between the self-diagnosed and clinically diagnosed groups was negligible (M difference = 0.40, 95% CI [-4.55, 5.34], p > .999). 
To further examine whether the autism groups can be combined the AQ-50 cut off scores presented by Baron-Cohen et al. (2001) were examined (≥ 26 indicating the screening cut off and ≥ 32 indicating the clinical cut off for Autism Spectrum Condition). Of the 19 participants in that group only three were below the clinical threshold and one of those participants still met the screening threshold. Given that 14 individuals from the clinically diagnosed group also did not meet the clinical threshold we deemed it appropriate to combine the clinically and self-diagnosed groups in further analyses. 
Visual Vividness IQ Comparison
	To examine whether vividness of visual imagery differed between the combined autistic group (N = 74) and the non-autistic groups (N = 47), total scores for the eyes open section of the VVIQ were compared across groups. Visual inspection of the histograms and skew and kurtosis z-scores indicated that the assumption of normality had been met for both groups. There were two outliers that scored over 2.58 standard deviations below the group mean in the non-autistic group. It was observed that removal of the outlier did not impact the statistical conclusions and, therefore, the data point was retained within the analysis. Levene’s test for equality of error variances indicated the assumption of homogeneity had been met, F(1, 119) = 0.66, p = .420. 
An independent samples t-test demonstrated that the autistic group had on average a significantly lower VVIQ total score (M = 49.80, SD = 16.63) as compared to the non-autistic group (M = 56.83, SD = 15.00, t(119) = - 2.35, p = .020, d = -0.44 (see Figure 2A). The mean difference is 7.03, indicating that on average the non-autistic group demonstrated stronger mental imagery scoring on average 7 points higher on the VVIQ total score (range: 16-80). After removal of the two negative outliers within the non-autistic group the average difference increased to 8.78 points (d = -0.57, 95% CI [.20, .95]). Similar results were obtained when running an ANOVA with the three groups (non-autistic, autistic [diagnosed] and autistic [self-identifying]), however, the analysis was less robust against the influence of outliers in the non-autistic group (see supplementary materials for details).  
Given the overlap between groups in terms of the AQ-50 score the linear relationship between AQ-50 and VVIQ total score was also examined using a Pearson’s correlation. As can be seen in Figure 2B, a significant negative medium strength relationship was found, r (119) = - .34, 95% CI [-0.48, -0.17], p < .001, which demonstrated that higher instances of autistics traits were associated with lower visual imagery vividness. Question 3 of the AQ-50 directly relates to mental imagery (“If I try to imagine something, I find it very easy to create a picture in my mind.”), therefore the analysis was run again after removing this question. The negative relationship remained, with higher autistic traits being associated with lower visual vividness ratings, r (119) = - .31, 95% CI [-0.47, -0.14], p < .001.
Aphantasia Prevalence 
In order to examine whether the prevalence of aphantasia was different in the combined autistic group as compared to the non-autistic group the participants were categorized based on whether they met the cut off for aphantasia on their VVIQ performance (VVIQ ≤ 32; Dawes et al., 2020; Wickens et al., 2021). In the non-autistic group 6.38% (3 out of 47) of participants reached the threshold for aphantasia, whereas in the combined autistic group 20.27% (15 out of 74) reached the threshold. In order to understand whether the difference was statistically significant a chi-square analysis was run. Fisher’s exact test is reported due to one of the cells having a frequency of less than five (Blalock, 1972). The analysis indicated that there was a statistically significant association between the presence of autism and aphantasia, p = .040, Odds Ratio = 3.69, 95% CI [0.96, 21.12]. Given the current discussions regarding implementing stricter cut off scores, we also examined a cut-off of 16 or below (Zeman et al., 2015; see Blomkvist & Marks, 2023), observing no instances of aphantasia in the non-autistic group and 4 cases (5%) in the autistic group. 
Psi-Q Exploratory Analysis
In order to examine whether differences in mental imagery were present across different sensory modalities an exploratory analysis was conducted using MANOVA to examine multivariate differences in mental imagery vividness using the Psi-Q measure. The assumption of normality had been violated with significant negative skew present for one or both groups across variables. Given the data is moderately negatively skewed the reflect and square root transformation was applied. After transformation all variables (apart from the tactile modality in the autistic group which had become positively skewed) met the assumption of normality and had no outliers more than 2.58 standard deviations from the group mean. There was homogeneity of variance, as assessed by Levene’s test (p >.05) and covariance, as assessed by Box’s test of equality of covariance matrices (p > .001). All variables demonstrated a linear relationship and were moderately correlated, suggesting that MANOVA is an appropriate analysis. However, examination of mahalanobis distances indicated that the assumption of multivariate outliers had been violated for 3 participants. The analysis was run both with and without the outliers. 
There was a significant main effect of autism on the combined mental imagery dependent variables, Pillai Trace = .22, F(7, 113) = 4.48, p < .001, partial η2 = .22. To understand which modalities differed between groups Bonferroni corrected univariate one-way ANOVAs were examined. It was observed that mental imagery vividness on the visual sub score was significantly higher in the non-autistic group as compared to the autistic group, F(1, 119) = 5.46, p = .021, partial η2 = .04 (see Figure 3). The difference in raw mean scores was 1.02, indicating that on average non-autistic individuals were rating their visual imagery vividness one point higher on the 0 -10 scale.
As demonstrated in Figure 4, a similar pattern was observed in emotional feel, with the non-autistic group scoring higher as compared to the autistic group, F(1, 119) = 14.18, p < .001, partial η2 = .11. The mean difference was 1.63, indicating that the non-autistic group were scoring emotional feel mental imagery between one and two points higher on the 0-10 scale compared to the autistic group. The comparison for all other modalities was non-significant (p > .23). When the analysis was re-run without the three multivariate outliers, there was no impact on the statistical conclusions drawn. 
Discussion
Overall, the current study builds on the work of Dance et al. (2021a) and Bled et al (2024) by providing evidence in favor of the hypothesis that autistic individuals score, on average, lower on self-report measures of visual mental imagery as compared to an non-autistic comparison group. In the present study this observation was noted on two separate measures of visual imagery, the VVIQ and visual subsection of the Psi-Q. In addition to observing these differences between participant groups it was also noted that there was a significant negative correlation between autistics traits as measured by the AQ-50 and VVIQ scores, providing further support for the relationship between autistic traits and visual mental imagery. There was also support for the hypothesis that there is a relationship between the autistic traits and aphantasia, insofar as a larger proportion of individuals in the autistic group presented with VVIQ scores below a commonly used cut off to identify aphantasia. The exploratory analysis of the other sensory modalities went against our tentative expectations, with no reliable evidence for differences in almost all modalities. However, we did observe an interesting and novel difference in emotional imagery vividness, which if replicated, could provide an interesting direction for further research into the relationship between visual and emotional imagery. We will address these key findings in turn.
Visual Mental Imagery 
The present study extends and provides further nuance to previous work that has demonstrated differences in visual imagery within the autistic population (e.g., Bled et al., 2021; Bled et al., 2024) by demonstrating reduced mental imagery vividness in the present autistic sample as compared to an non-autistic comparator group. This perhaps suggests that although both groups do have the ability to generate internal visual imagery, autistic individuals may do so with less vividness, an observation that does not correspond with Soulieres et al.’s (2011) suggestion that autistic individuals may form mental images more effectively as compared to their non-autistic counterparts. However, we should consider that accuracy and vividness (as measured by the VVIQ) may be seen as distinct and the interplay between them requires further investigation. It is also noted that diminished visual imagery vividness observed in the autistic group in the present study is not in conflict with the assertion that autistic individuals may use mental imagery more frequently or experience it as more detailed as suggested by Bled et al. (2021). Once again, these aspects can be considered distinct from the concept of vividness itself. An interesting future direction could be to explore both vividness and level of detail explicitly within the same paradigm, as it could be considered that if the resource used for mental imagery is limited, the level of detail and vividness may be interconnected. Thus, it is plausible that there could beless vividness/clarity as the resource is spread to incorporate further detail. 
This interplay may also be particularly important when considering the link between mental imagery vividness and visual short-term memory. Given that there is some disparity in the literature body regarding the link between vividness and short-term visual memory (Cooper et al., 2019; Keogh & Pearson, 2011; 2014; Tabi et al., 2022) and the observation that VVIQ scores are positively related to hippocampal volume in an elderly sample (Tabi et al., 2022), this is a relationship that will require further more nuanced investigation with experimental approaches that afford a more controlled and detailed analysis. Bled et al.’s (2024) observation that autistic individuals perform better on the maintenance (The Visual Pattern Test; Della Sala et al., 1999) and scanning of internally represented imageries (The Image Scanning Test; Borst & Kosslyn, 2010), also highlights the importance of disentangling the relationship between detail, vividness and its impact on memory processes that utilize internally generated visual images. In the instance of memory maintenance, for example, could a trade of vividness for detail be an advantage? It would most likely depend on the type of recall being requested, such as the requirement to recall more global or local features and could be an interesting manipulation for further experimental work to consider.  
The present study also compliments previous work that has demonstrated that aphantasic individuals score higher on autistic traits (Dance et al., 2021a; Milton et al., 2021) and those studies that have demonstrated differences in visualization and mental imagery vividness based on autistic traits in non-clinical populations (e.g., Hatakeyama, 2024). However, the current study extends these findings by studying mental imagery vividness directly within a sample of autistic individuals, by incorporating more than one self-report measure of visual mental imagery and by comparing the occurrence of aphantasia (as denoted by several proposed cut-off points 32 and 16). In our sample, a higher proportion of individuals in the autistic group (20.27%; 15/74) met the less stringent cut-off score of 32 for aphantasia as compared to the non-autistic comparison group (6.38%; 3/47). Using the more stringent cut-off demonstrated that 5% of the autistic group (4 cases, 3 female and 1 male) were found to reach the cut-off, whereas there were no cases identified in the non-autistic comparator group (Zeman et al., 2015; Blomkvist & Marks, 2023). Important contextual information to consider is that previous work has reported the prevalence of aphantasia to be around 3.9% using the less stringent cut-off (Dance et al., 2022) and 0.7% using the more stringent cut-off (Zeman et al., 2020). These finding are certainly noteworthy and require further investigation, although it must also be considered that the higher prevalence in the present study could be biased by the inclusion of the term aphantasia within the study information for participants.
Mental Imagery Vividness Across Modalities 
The exploratory analysis of other sensory modalities did not support previous work by Bacon et al. (2020) that suggested autistic individuals may have weaker auditory mental imagery but did produce a novel result suggesting differences on emotional imagery vividness. Although we made no specific prediction, we found that the autistic group scored significantly lower on the “emotional feeling” category on the Psi-Q. This finding suggests that there might be a difference in the ability for autistic people to imagine feeling emotions and aligns with research that considers how autism might be associated with alexithymia and impaired interoception (e.g., Shah et al., 2016), albeit the association between autism and alexithymia is complex and far from clear (Poquérusse et al., 2018). 
It also seems to fit with research that has associated dysfunction in the default mode network with autism. For example, Padmanabhan et al. (2017) found the default mode network activates when asked to imagine emotional scenarios, and that although autistic participants readings were close to non-autistic participants when imagining visual scenarios, when prompted to imagine feeling emotions they had significantly weaker responses in this region, which is consistent with our results. Padmanabhan et al. emphasised that emotions should be studied in context as opposed to as temporally constrained frameworks that strip away context. It should be noted here that in the present study, the Psi-Q asks respondents to imagine feeling emotions without any context. For example, the Psi-Q plainly asks the question ‘imagine feeling excited’ and requires respondents to rate the vividness of the feeling, without giving a prompt of a scenario that might make them excited, giving instructions or even setting a scene before questioning participants on the vividness of their emotion. Instead, it simply leaves the participant to imagine whatever scenario that might prompt the feeling of excitement. 
That our autistic sample scored lower on emotional imagery ability becomes particularly relevant when you consider that aphantasic people also score significantly lower on emotional imagery. As aphantasia appears to be linked to autism and weaker social skills (Dance et al., 2021a), it is possible that the association between aphantasia and autism is mediated by low vividness in emotional imagery. Our present findings could also be considered in light of Wicken et al.’s (2021) study that suggested that aphantasics lack of visual imagery in a fearful context results in a dampened emotional response that is not observed in non-aphantasics. Given the complex and multiple module nature of imagery, it may also be considered that in the context of the Psi-Q, the imagery of the emotional feeling may be accompanied by an internally generated emotionally valanced image, such as a facial expression. Further research could benefit from incorporating a qualitative component to understand subjectively how participants undertake the task to provide greater insights into differences in approach and potential interplay between these aspects of imagery. This is perhaps an interesting direction in both aphantasic and autistic populations. 
Combining the Diagnosed and Self-Identifying Groups 
Although the AQ-50 is not a diagnostic tool per se (Baron-Cohen et al., 2001), it served as an effective instrument in the present study to enable the incorporation of a self-identifying group, demonstrating that they scored similarly to the clinically diagnosed group and scored significantly higher than the control group. This is of pertinence given the long waiting times and barriers currently being faced for a diagnostic assessment (Lewis, 2017), and enabled a more inclusive sampling approach with greater reach. The main analysis in the VVIQ was also run with the groups split and confirmed the analysis with the combined groups with both the clinically diagnosed and self-identifying groups demonstrating lower vividness as compared to the non-autistic group. However, it is worth noting here that this analysis was less resistant to the presence of two extreme outliers (≥ 3 SD below the group mean) within the non-autistic group (see the supplementary materials) which impacted the comparison between the clinically diagnosed and non-autistic groups before removal. Overall, given the barriers still being faced regarding diagnosis it is proposed that this approach can help promote supportive inclusive research participation practices. 
Limitations and Future Research
A limitation of our study is that we only used the eyes open version of the VVIQ, out of concern for participant burden and recruitment. However, as the Psi-Q does not use an eyes closed procedure, the present study was focused on an investigation of mental imagery vividness with eyes open, which could create inconsistencies when comparing this study to other studies on mental imagery. In addition to this we did not have any way to clinically verify that participants were autistic other than their own self-reported clinical diagnosis. Furthermore, due to the disconnected nature of online surveys we had no way of verifying whether participants had an autism diagnosis, outside of comparing AQ scores with their self-reported diagnostic status. Moving forward a more controlled investigation that seeks to verify autism diagnosis and considers the neurodivergent profile of the comparator group would be of benefit. 
A notable limitation of research on aphantasia, is an inconsistent use of the cut-off point on the VVIQ to be classified as aphantasic (Blomkvist & Marks, 2023). As noted above, a strength of our study is that it followed both (i) the method of Dance et al. (2021), Dawes et al. (2020), Keogh et al. (2021), and Wicken et al. (2021) in employing a criterion cut-off on the VVIQ of ≤ 32, as we were guided by Zeman et al.’s (2015) definition of aphantasia as reduced or absent visual imagery, and (ii) also Blomkvist and Marks’s (2023) recommendation of a cut-off score of 16 on the VVIQ for the definition of aphantasia to be revised to reflect no voluntary visual imagery rather than reduced or dim or vague imagery. Blomkvist and Marks (2023) observed that, for example, Zeman (2020) and Milton (2021) categorised aphantastics by a score of ≤23, while Bainbridge et al. (2021) used ≤25 as their cut off point for aphantasia. Thus, future researchers could overcome inconsistencies in the use of the VVIQ and the cut-off score for classification of aphantasia by agreeing on a fixed diagnostic or classification figure. 
The present study relied, as have a number of previous studies in the area (e.g., Dance et al., 2021a), on self-report measures of mental imagery and aphantasia. The self-report of global imagery vividness has some important limitations to consider (Runge et al., 2017). Trial by trial self-report measures of vividness within experimental paradigms may be of interest to enable distinct comparisons across conditions within future research (e.g., where participants are requested to bring an image to mind with more or less detail). Moreover, future research could benefit from the inclusion of a greater range of behavioral measures of mental imagery (Pearson et al., 2015), and, for example, pupillary light response as a physiological index of aphantasia (see Kay et al., 2022), alongside self-report measures such as the VVIQ. It would be interesting to research if similar pupillary light responses would be observed in autistic as well as aphantasic samples as indices of phenomenological imagery strength. 
Future Directions 
Autistic people scoring lower on emotional imagery ability becomes particularly relevant when you consider that aphantasic individuals also score significantly lower on emotional imagery (e.g., Speed at al., 2024). As aphantasia appears to be linked to autism and weaker social skills (Dance et al., 2021a), it is possible that the association between aphantasia and autism is mediated by low vividness in emotional imagery or that visual mental imagery vividness may contribute to the ability to generate emotional imagery. Currently, as there is little research on aphantasia we do not know the extent of differences in emotional skills in aphantasic populations, but we encourage future studies that include variables such as emotional imagery, alexithymia and emotional intelligence, as this could help account for the tentative initial evidence that our present study and Dance et al. (2021a) have provided towards an overlap between aphantasia and autism.
It seems plausible that some autistic people simply have less vivid emotional imagery than non-autistics, and this could be measured by adding prompts to provide Psi-Q questions with specific context as the VVIQ does (see also The Guy Emotive Imaging Scale; Guy & McCarter, 1978). As Wilson-Mendenhall et al. (2013) acknowledged, when studies measure emotion using imagery they typically take two approaches: firstly, by prompting personal experiences by cueing personal vivid memories, and secondly, by giving participants a scripted prompt of an imagined scenario unrelated to the participant. Therefore, a follow-up study should carefully administer these approaches. If we find that autistic people have more equal vividness after giving clear prompts, it may be that there are differences in the ability to infer and summon context, or perhaps an unwillingness to do so as opposed to strong differences in the vividness of emotional imagery.
Given the observation that aphantasic individuals also present with both reduced sensory sensitivity and mental imagery across multiple domains (Dance et al., 2021b) and to presence of sensory sensitivity in autism (e.g., Balasco et al., 2020; Bennetto et al., 2007; Rotschafer, 2021; Billstedt et al., 2007) it would be of importance for future research to understand whether this connection also presents within an autistic population. Given, within this sample the imagery vividness differences were only observed within the visual and emotional domains understanding the connection is of particular interest. Visual sensitivity is the most commonly reported type of sensitivity (Billstedt et al., 2007) within the autistic population, which could perhaps underlie the differences found if indeed there is a connection between perceptual and imagery vividness within this sample. It would be prudent to study the relationship between sensory sensitivity and imagery vividness explicitly and then compare the strength of this relationship between populations (e.g., non-autistic, autistic and aphantasic) to consider cohort-based differences.   
Conclusion
The present study extends the current literature by providing evidence that suggests that vividness of visual mental imagery, as measured by the VVIQ and Psi-Q, is weaker in an autistic population. Moreover, in the current sample there were higher instances of aphantasia in the autistic group as denoted by two commonly used cut-offs on the VVIQ (32, 16). With regards to extending this comparison into other sensory domains only differences in emotional imagery vividness were observed, with none of the comparisons across the other 5 sensory modalities (sound, smell, taste, touch & bodily sensation) reaching the threshold to be considered statistically significant. This study extends past research by utilizing a sample of autistic individuals, by providing an investigation that focuses explicitly on the vividness of mental imagery and by extending the investigation to incorporate imagery across other sensory modalities to provide a more targeted and nuanced understanding of proposed differences in mental imagery in autism. 
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Figure Captions

Figure 1

Average AQ-50 scores split by diagnosis group (error bars = 95% CI). Violin plot with overlaid boxplot plot represents the median, interquartile range and data distribution. 


Figure 2

(A) Mean difference in VVIQ total scores between the autistic and non-autistic groups (error bars = 95% CI). Violin plot with overlaid boxplot plot represents the median, interquartile range and data distribution.  (B) Scatter graph demonstrating the negative relationship between VVIQ total scores and AQ-50 scores.   

Figure 3

Average performance on the Psi-Q Visual Imagery subscales split by autism group (error bars = 95% CI). Violin plot with overlaid boxplot plot represents the median, interquartile range and data distribution. 

Figure 4
Average performance on the Psi-Q subscales split by autism group (error bars = 95% CI). Violin plot with overlaid boxplot plot represents the median, interquartile range and data distribution. 
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