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1. Introduction

Close your eyes, and picture your home, your pet, or your favourite
outfit. Following such instructions, most people would then genuinely
see those items in their mind's eye, not simply think about them. Visual
imagery is the process by which one experiences internally generated
visual sensory information, without an external stimulus. As for all
cognitive processes, there are extensive individual differences in the
ability to create, maintain, and manipulate mental images with varying
levels of detail, consciously and intentionally, or unintentionally. Some
people, when closing their eyes and asked to “picture” their home, their
pet, or their favourite outfit, see and feel images so vivid they resemble
reality. Others see nothing at all.

Mental imagery is a complex cognitive process depending on a
distributed neural network and a wide array of higher- and lower-level
processes (Pearson, 2019), each of which might be subject to more than
one kind of variation. Aphantasia, in its original definition, refers to the
experience of limited or absent mental visual imagery (Zeman et al.,
2015, 2025), with an approximate prevalence of 3.9% (Dance et al.,
2022). Aphantasia can be acquired (Knowles et al., 2021) following
neurological injuries (Thorudottir et al., 2020), medical procedures
(Bumgardner et al., 2021; Zeman et al., 2010), and occur as a result of
psychiatric or psychogenic conditions and emotional trauma (de Vito
and Bartolomeo, 2016). However, most aphantasic people experience
the congenital form of aphantasia, present from birth and sometimes
familial (Zeman et al., 2015, 2020). At the opposite end of the mental
imagery spectrum lies hyperphantasia, with a perception-like level of
precision and richness, which so far has only been recorded as
congenital and lifelong (Zeman et al., 2020).

There is an extensive diversity within congenital aphantasia and
hyperphantasia, even when only focusing on the amount of imagery
experienced. Using, for example, the Vividness of Visual Imagery

Questionnaire (VVIQ (Marks, 1995)) that self-assesses visual imagery
(score range: 16 = no imagery to 80 = vivid imagery), in the 1288 re-
spondents of the EXTEND (http://exeter.crf. nihr.ac.uk/extend) biobank
Zeman et al. (2020) found prevalence estimates of 0.7% for Extreme
aphantasia (VVIQ score: 16/80), 2.6% for Moderate aphantasia (or
hypophantasia (R. Reeder and Figueroa, 2022), VVIQ score: 17-23/80),
11.2% for Moderate hyperphantasia (VVIQ score: 75-79/80), and 2.6%
for Extreme hyperphantasia (VVIQ score: 80/80). These estimates
partially align with those that Wright et al. (2024) identified in inter-
national cohorts of 3049 and 9063 respondents: 0.9-1.2% scoring
16/80, 3.0-3.3% scoring 17-32/80, and 5.9-6.1% scoring 75-80/80. In
addition to quality (i.e. clarity, level of detail), there is also diversity in
the level of agency one has over their ability to conjure mental images.
Indeed, in Zeman et al. (2020), over 60% of respondents scoring under
23 on the VVIQ report dreaming with images.

Importantly, mental imagery is multi-modal, and not restricted to
vision. Likewise, aphantasia and hyperphantasia as cognitive profiles
also extend to other sensory modalities outwith vision (Dance et al.,
2021; Dawes et al., 2020). Zeman et al. (2020) reported that 54.2% of
Extreme/Moderate aphantasic respondents and 47.8% of Moder-
ate/Extreme hyperphantasic respondents declared that all modalities of
sensory imagery (i.e. auditory, tactile, gustative, olfactive) were
“faint/absent” or “vivid”, respectively (“global” a- or hyperphantasia
(Zeman et al., 2026)). Similar proportions (35.8% Extreme/Moderate
aphantasic and 42.2% Moderate/Extreme hyperphantasic) reported that
some other sensory modalities — but not all — were also impacted
(“multisensory” a- or hyperphantasia (Zeman et al., 2026)), and around
10% of each population reported that only vision was concerned
(“unisensory” or “visual” a- or hyperphantasia (Zeman et al., 2026)).

Although aphantasia and hyperphantasia remain underexplored
cognitive constructs, a growing body of evidence suggests that they have
ramifications beyond sensory imagery, involving multiple cognitive
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domains (Jin et al., 2024; Zeman, 2024). For example, aphantasic peo-
ple are more likely to self-report poor autobiographical memory
compared to hyperphantasic peers and typical visualisers (Zeman et al.,
2020), in line with established correlations between imagery and
autobiographical memory skills (Greenberg and Knowlton, 2014; Pal-
ombo et al., 2018). Indeed, multiple studies have now replicated the
findings of lower performances amongst aphantasic volunteers
(compared to typical visualisers) in episodic and autobiographical
memory (Dando et al., 2023; Dawes et al., 2020, 2022; Milton et al.,
2021; Monzel et al., 2022), as supported by neurological evidence
(Monzel et al., 2024b). In addition, Severely Deficient Autobiographical
Memory can co-occur with aphantasia (Watkins, 2018), though occur-
rence rates are not yet established.

Face imagery and recognition difficulties are also more frequently
reported by aphantasic people, compared to hyperphantasic peers and
typical visualisers (Milton et al., 2021; Palermo et al., 2022; Zeman
et al., 2020), be that through the use of self-reporting or
self-administered measures such as the 20-item Prosopagnosia Index
(PI20; Dance et al., 2023; Shah et al., 2015) or standardised behavioural
measures (Dance et al., 2023). However, Monzel et al. (2023a,b) re-
ported no face-specific significant differences between aphantasics and
typical visualisers, with aphantasic volunteers showing difficulties in
both face and object recognition, even though the occurrence rate of
developmental prosopagnosia does not appear to be higher in the
aphantasic versus the general population (2-2.5%, Bowles et al. (2009)).
Nevertheless, Griiter et al. (2009) found that adults with congenital
prosopagnosia scored significantly lower in the VVIQ than neurotypical
adults, supporting the hypothesis of a relationship between aphantasia
and prosopagnosia. On the other end of the imagery spectrum, Palermo
et al. (2022) found that those with object hyperphantasia — but not those
with spatial hyperphantasia — self-rated their face recognition skills (as
measured by the P120) higher than typical visualisers did.

Beyond wakefulness, aphantasia and hyperphantasia also appear to
shape dreaming experiences. Aphantasic people are significantly more
likely than typical and vivid visualisers to report dreaming without
images or feeling that they do not dream at all (Zeman et al., 2020). For
those who do dream visually despite not visualising when awake, they
report fewer and less rich dreams than typical visualisers (Dawes et al.,
2020).

Finally, aphantasic people are less likely to report the experience of
synaesthesia (of any kind) than those with hyperphantasia, who are
themselves likelier than chance to experience it (Zeman et al., 2020).
However, aphantasic people can still experience it, especially ‘associa-
tor’ (experienced within one's internal mental space or simply ‘known’)
rather than ‘projector’ (experienced as projected outside one's mental
space into the world) synaesthesia (Dance et al., 2021).

This evidence indicates that while many aphantasic people report a
wide range of difficulties across multiple domains, others seem to only
experience poor visual imagery, with varying degrees of quality, dura-
tion, and agency. Importantly, these quantitative accounts of the di-
versity of profiles within aphantasia mirror the diversity of lived
experiences reported by aphantasic people in qualitative research
(Digard et al., 2026). Together, this evidence calls into question ap-
proaches that treat aphantasia as a single entity.

To address the complex spectrum of aphantasia and hyperphantasia,
Williams and Suggate (2024) conducted a latent profile analysis on a
sample of 287 adults, and identified three main visualisation profiles:
low (VVIQ-2 scores mean = 35.71, range = 32-75), mid-range (114.13,
60-148), and high (145.27, 97-160) visualisers. However, Williams &
Suggate (2024) only used the volunteers' 32 VVIQ-2 responses (both the
eyes open and eyes closed conditions) to identify these profiles, but did
not consider any other associated features. As such, while their findings
provide valuable information regarding the diversity of visual imagery
skills within the population, the study is of limited scope. In addition, as
they relied on the models' BIC (Bayesian information criterion) to
identify the model with the best fit (in other words, the model with 3
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profiles) and the BIC can underestimate the number of profiles in small
samples such as the one involved in their study, this finding does not
robustly preclude the existence of subtypes in aphantasia. For instance,
evidence obtained thanks to larger samples shows that varying associ-
ations with the ‘intensity’ of aphantasia (i.e. Extreme aphantasia with no
imagery versus Moderate aphantasia with poor imagery) already hint at
significantly different profiles (Zeman et al., 2020)

Drawing on two larger samples of aphantasic volunteers (N = 964
and N = 1148), Dawes et al. (2024) conducted cluster analyses grounded
in the self-rated imagery skills of seven sensory modalities (auditory,
gustatory, kinaesthetic, olfactory, somatic, tactile, and visual), and
identified two distinct and consistent subtypes: multi-sensory aphanta-
sia with floor scores on all modalities (24.0-24.2%), and visual aphan-
tasia with floor visual imagery but imagery in all other modalities
(30.3-32.0%). In addition, two other less-defined subtypes characterised
the remaining respondents: weak multi-sensory aphantasia with low but
not absent imagery in all modalities (9.7-19.9%), and weak visual
aphantasia with low but not absent visual imagery and typical imagery
in all other modalities (24.0-36.0%). In additional analyses, the authors
also identified smaller subdivisions, such as somatic-intact multi-sen-
sory aphantasia (5.2%), auditory-intact multi-sensory aphantasia
(3.7%), kinaesthetic-intact multi-sensory aphantasia (1.8%), and
visual-kinaesthetic aphantasia (1.5%). These results point to differences
in both the generalisation of aphantasia to one versus several sensory
modalities, and in the degree of imagery experienced (absent versus
poor). However, as detailed above, aphantasia appears to have ramifi-
cations outwith the sensory realm, which should be taken into account
as we investigate its subtypes.

Delem et al. (2025) recently found evidence for subtypes of aphan-
tasia using unsupervised clustering and assessments of cognitive stra-
tegies with a small sample of 45 aphantasic volunteers and 51 typical
imagers. Amongst the three types of cognitive strategies they identified
across the whole sample (visual imagery, spatial imagery, and verbal
strategies), aphantasic volunteers were found within the latter two.
Indeed, one group of aphantasic people showed low visual imagery but
typical to high multisensory and spatial imagery, while the other
showed generalised low imagery and a reliance on verbal strategies, thus
mirroring and expanding the findings by Dawes et al. (2024). These
findings, though observed in a small sample, consolidate the hypothesis
that several subtypes of aphantasia exist, characterised by distinct sen-
sory and cognitive features. It is now crucial to explore further the
cognitive and sensory features of these different aphantasia subtypes.

Indeed, as aphantasia and hyperphantasia research gain momentum,
it is crucial to assess whether the cognitive profiles and experiences of
aphantasics are instead distinct enough to warrant a shift in the con-
ceptualisation of aphantasia and our methodological approaches. Are
there indeed “subtypes” within aphantasia, as hinted by the recent
findings by Dawes et al. (2024) and Delem et al. (2025)? If so, are they
defined solely by their absolute mental imagery skills (i.e., the intensity
of aphantasia), or are there other key dimensions, such as cognitive or
sensory features, that distinguish between those subtypes? Answering
those questions will not only allow us to design more robust and
meaningful research on aphantasia, but will also provide us with valu-
able information to hypothesise on the developmental trajectory(ies) of
aphantasia.

The aim of the present study is, therefore, to explore the existence of
these subtypes through a replication and extension of Zeman et al.
(2020) based on a larger sample, investigating.

1. whether Zeman et al.'s (2020) findings on the differences between
Extreme aphantasia, Moderate aphantasia, Moderate hyper-
phantasia, and Extreme Hyperphantasia (intensity as measured by
the VVIQ) can be replicated with a larger sample, using an identical
questionnaire;
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2. whether, using additional self-reported cognitive and behavioural
features linked with aphantasia, subtypes of aphantasia can be
identified through latent class analysis;

3. if subtypes are found, what key similarities and differences can be
identified between these subtypes through group comparisons.

2. Methods
2.1. Respondents

The total sample included 6436 respondents (Table 1), who
completed the survey between October 2020 and January 2025. No
respondents were present in the original sample presented in Zeman
et al. (2020). Respondents joined the study either after finding it online
through word of mouth within the aphantasic community, or after
having emailed our research team seeking to participate in research.
Respondents provided informed consent within the online questionnaire
before accessing the questions, in compliance with ethical approval
granted by the University of Edinburgh and the University of Exeter.

2.2. Online questionnaire

The Visual Imagery Assessment (VIA) is an online Qualtrics ques-
tionnaire available to view at https://osf.io/3t9zv/files/u7829. It rep-
licates and expands the questionnaire presented by Zeman et al. (2020).
The questionnaire was released in October 2020, and has been extended
several times since. Some questions were therefore seen only by later but
not by earlier respondents. In addition, only a few questions were
mandatory. For all variables reported in this study, the number of re-
spondents who answered said item is highlighted.

The latest version of the VIA contains the following 6 sections.

- Demographics: In addition to standard demographics, this section
includes items recording career type, and family history of aphan-
tasia or hyperphantasia;

Table 1
Respondents' demographics.

Whole sample (n = 6436)

Age in years, M (SD, range) 39.7 (15.1, 16 - 100), n = 6328

Gender, n (%) ° n =697
Female 450 (64.6)
Male 225 (32.3)
Other gender identity/Not disclosed 22 (3.2)
Highest Education, n (%) n = 6328
Less than an undergraduate degree 2276 (35.4)
Undergraduate degree 2344 (37.0)
Master's degree 1307 (20.7)
PhD 401 (6.3)
Employment, n (%) n = 6328
Student 1000 (15.8)
Employed 3998 (63.2)
Unemployed 690 (10.9)
Retired 640 (10.1)
Country of residence, n (%) b n = 6302
UK 2316 (36.8)
USA 2190 (34.8)
Canada 345 (5.5)
Australia 264 (4.2)

VVIQ, M (SD, range), n (%)

Extreme aphantasia [VVIQ score = 16/80]
Moderate aphantasia [17-23/80]
Mid-range [24-74/80]

Moderate hyperphantasia [75-79/80]
Extreme hyperphantasia [80/80]

29.1 (20.6, 16 — 80), n = 6436
16.0 (0, 16 — 16), 3218 (50.0)
19.5 (1.9, 17 - 23), 922 (14.3)
44.3 (16.8, 24 - 74), 1817 (28.2)
77.2 (1.4,75-79), 278 (4.3)

80 (0, 80 - 80), 201 (3.1)

# Gender was added to a later iteration of the demographics questionnaire.
b All other countries each represented under 3% of the respondents.
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- Vividness of Visual Imagery Questionnaire (VVIQ);

- Window Counting task: this short questionnaire requires the re-
spondents to count in their mind the number of windows in their
home, then addresses the strategy they used to complete the task;
Awareness & life impact: this section focuses on the time and ways in
which the volunteers became aware of being aphantasic/hyper-
phantasic, on the emotional impact of this realisation, and self-
identified links between mood and vision on mental imagery. It
also contains items recording respondents' perceived link between
their mental imagery skills and different aspects of their daily life,
such as relationships, and self-reported link between career choice
and mental imagery skills;

Sensory/Cognitive profiles: this section records the self-assessed
skills of the respondents in several domains, such as vividness of
imagery in other sense modalities, autobiographical memory, navi-
gation skills, dreaming, and reading speed;

Neurodiversity profiles: this section addresses other diagnosed or
suspected neurodivergent traits, such as autism, ADHD, dyslexia,
synaesthesia, face recognition and imagination (prosopagnosia). As
the questions about autism and ADHD were only added to the
questionnaire in July 2024, they were completed by only 9.6% of the
sample

Importantly, all volunteers joined the study because they self-
identified as having either “faint/absent” or “vivid” imagery. There-
fore, while the VVIQ scores indicated that many respondents scored
outwith the standard aphantasia and hyperphantasia boundaries of the
VVIQ, in the “mid-range” (Table 1), it should not be assumed that these
respondents are typical or “true controls”.

2.3. Analyses
All analyses were completed in R 4.4.1 (R Studio, 2024.12.0 + 467).

2.3.1. Group comparison — replication

The group comparisons presented by Zeman et al. (2020) were
computed to assess their replicability. Respondents were grouped ac-
cording to their VVIQ score (Table 1). Continuous variables were
compared between groups with one-way ANOVAs and post-hoc pairwise
T-tests with Bonferroni corrections when relevant. Categorical variables
were compared between groups with Pearson's Chi-Square tests of in-
dependence and post-hoc pairwise Chi-Square tests with Holm correc-
tions when relevant. In the case of statistically significant post-hoc
pairwise Chi-Square tests, follow-up comparisons were conducted via
visual analysis of the standardised residuals, with values lower than —2
or greater than 2 indicating significant deviations from the expected
counts under the null hypothesis of independence, and significant con-
tributions to the overall Chi-Square statistics.

2.3.2. Latent class analysis

A latent class analysis (LCA) — a clustering method best suited when
using categorical variables (Sinha et al., 2021) - was computed with the
Extreme aphantasia (VVIQ score = 16/80) and Moderate aphantasia
(17-23/80) volunteers only, to explore the existence of meaningful
sub-groups within the categories of aphantasia — beyond the use of
arbitrary VVIQ score boundaries — thus providing explanations for the
diversity of profiles illustrated at the whole group level. No LCA was
conducted with the Moderate hyperphantasia (75-79/80) and Extreme
hyperphantasia (80/80) groups due to their limited sample size (Dziak
et al., 2014). The LCA was computed using the R package poLCA
(1.6.0.1). The indicator variables used were selected due to 1) having
less than 10% of missing data within the sample, with other available
candidate variables having over 50% missing data, and 2) showing
significant differences between groups in previous research (see details
in the Introduction).
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- VVIQ group;

- family history of a- or hyperphantasia: “yes”, “no”, “unsure”;

- number of other senses experiencing a- or hyperphantasia: “all”,
“some other”, “no other”, or “unsure”;

self-reported experience of autobiographical memory difficulties:
yes”, “no”, “unsure”;

dreaming experiences: “no dreams”, “dreams without images”,
“dreams with images”, “unsure”;

self-reported spatial navigation skills: “poor”, “good”, “unsure”;
self-reported experience of synaesthesia: “yes”, “no”, “unsure”;

»

self-reported experience of face recognition difficulties: “yes”, “no”.

I

To ensure statistical robustness with this sample size, the analysis
was computed with a maximum number of possible classes of 5. Each
model (from the model with 1 class of respondents to that with 5 classes)
was estimated 15 times to identify the global (rather than only local)
maximum of the log-likelihood function, and to return the solution with
the highest log-likelihood (Linzer and Lewis, 2011). In addition, for each
model, the maximum number of iterations run by the
Expectation-Maximization algorithm during a model attempt was set at
9000, thus accommodating for Model 5's (model grouping the re-
spondents in 5 classes) inability to reach the maximum likelihood under
this threshold. Amongst the 5 models produced, the final model was
selected as the solution with the lowest BIC (Bayesian Information Cri-
terion), indicating the best model fit (Weller et al., 2020).

Of the total 4140 respondents in the Extreme and Moderate aphan-
tasia groups, 3883 (3025 Extreme aphantasic, 858 Moderate aphantasic)
had no missing data across all 8 indicator variables and were included in
the analysis. The variable of self-reported reading speed compared to
speaking speed was not included in the LCA as only 2097 of the 4140
aphantasic volunteers had answered this question. Due to the explor-
atory nature of this study and the anticipated small effect size, we pri-
oritised a larger sample size over the inclusion of an additional indicator
variable.

2.3.3. Class comparison

Classes obtained after the LCA were compared following the same
strategy as the replication group comparison detailed above to clarify
areas of similarity and differences.

3. Results
3.1. Group comparison replication: aphantasia versus hyperphantasia

Basic demographic information for each VVIQ group is presented in
Table 2 and Supplementary Material 1. Gender is not included, as only
10.0% of the respondents reported it. All VVIQ group comparisons
showed a significant effect of the VVIQ group, but see the complete
account in the Supplementary material 1, with detailed statistics, sup-
porting figures, and proportions for each VVIQ group and each variable.

Briefly, the Extreme aphantasia group was significantly older than
the Mid-range and Moderate hyperphantasia groups, but with an over-
representation of people with less than an undergraduate degree
(38.8% of the Extreme aphantasia group who reported this information),
and an under-representation of people with a postgraduate degree
(23.6%) and people with a career in ‘Arts, Design, Entertainment, Sports

Tables 2
VVIQ group demographics.
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& Media’ (10.6%). This group also had an over-representation of
reporting that their mood did not influence their mental imagery (84%),
nor did having their eyes open or closed (76%). Dreaming with images
was under-represented in this group (60.6%) compared to other groups,
and they also had an over-representation of dreaming without images
(14.4%). In terms of sensory experiences, reporting aphantasia for all
sensory modalities was over-represented in the Extreme aphantasia
group (46.2%), with an under-representation of having only some senses
impacted (27.2%, therefore an opposite pattern to the Moderate
aphantasia group). There was also an over-representation of self-
reported poor autobiographical memory and poor face recognition
skills in both the Extreme aphantasia (45.9% and 36.7%, respectively)
and the Moderate aphantasia (49.4% and 42.5%, respectively) groups.
The Extreme aphantasia group also showed an under-representation of
self-reported synaesthesia (3.3%), and an over-representation of self-
reported bad spatial navigational skills (37.8%). This group also
showed an under-representation of self-reported faster reading than
speaking speed (25.5%) and an over-representation of self-reported
similar reading and speaking speed (23.8%).

At the opposite end of the phantasia spectrum, having a family his-
tory with other members sharing their neurotype was over-represented
for the Moderate hyperphantasia (33.1%) and the Extreme Hyper-
phantasia (36.0%) groups. Both groups also had an over-representation
of dreaming with images (98.9% and 98.4% respectively) and an under-
representation of dreaming without images. In terms of sensory expe-
riences, reporting hyperphantasia across all senses was over-represented
in the Extreme hyperphantasia group (67.0%). There was also an over-
representation of self-reported good autobiographical memory and
absence of face recognition difficulties in both the Extreme Hyper-
phantasia (65.3% and 84.7% respectively) and the Moderate hyper-
phantasia (68.4% and 81.4% respectively) groups. Both groups also
showed an over-representation of self-reported synaesthesia (32.4% and
25.8%, respectively) and good spatial navigation skills (70.1% and
71.2%, respectively). The Extreme hyperphantasia group also showed
an over-representation of self-reported faster reading than speaking
speed (40.6%).

3.2. Latent class analysis

To explore the existence of meaningful groups within aphantasia
beyond the use of arbitrary VVIQ score boundaries, an LCA was con-
ducted on the subsample (n = 4140) of participants with a VVIQ score
under 23 (the highest score for Moderate aphantasia), using the same
predictors. Only 3883 had no missing data and were included in the
computation. This LCA indicated that the model with the lowest BIC
(54108.23) was the model containing 3 classes (but see Supplementary
material 2 for a table detailing the different models built in this anal-
ysis). These classes and the estimated conditional probabilities of each
response within each latent class are represented in Table 3. McFadden's
pseudo R? of 0.011 indicated a low-to-moderate fit of the model to the
data. The entropy-based classification accuracy of 0.45 indicated class
assignments may be uncertain, with classes potentially poorly defined.
Huberty's I-index of 0.63 indicated a moderate classification accuracy,
with only 63% of the volunteers being confidently classified into a single
latent class. The Cohen's w of 0.20 indicated a small effect size. Average
posterior probabilities were as follows: Class 1 = 0.75, Class 2 = 0.75,

Extreme aphantasia Moderate aphantasia Mid-range Moderate hyperphantasia Extreme hyperphantasia
Age in years, M (SD) 41.0 (15.1) 39.5 (14.9) 38.3 (15.3) 36.6 (14.0) 38.5(14.9)
Highest Education, n (%)
Less than an undergraduate degree 1249 (38.8) 292 (31.7) 571 (31.4) 88 (31.7) 76 (37.8)
Undergraduate degree 1210 (37.6) 342 (37.1) 716 (39.4) 104 (37.4) 80 (39.8)
Postgraduate degree 759 (23.6) 288 (31.2) 530 (29.2) 86 (30.9) 45 (22.4)
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Table 3
Conditional item response probabilities for the LCA
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Note: For easier visual representation of the results and the model-based probabilities, each class is represented by one
colour, with an intense colour illustrating a higher value. These expected proportions are estimated conditional
probabilities based on maximum likelihood estimation and are not directly calculated from the assigned classes. They

are not observed proportions in our sample.

2 Predicted class membership: proportion of respondents assigned to each class in the sample. These proportions may

not sum to 1 due to classification uncertainty.

b Estimated class population share: estimated true proportion of individuals in each class based on the model, derived
from the estimated class membership probabilities. These proportions sum up to 1.

Classes Class 1 Class 2 Class 3
(Predicted class membership @ / (31.1% / (29.5% / (39.4% /
Estimated class population share ?) 31.1%) 31.8%) 37.1%)
VVIQ group Extreme aphantasia 90.0% 72.3% 72.5%
Moderate aphantasia 10.0% 27.7% 27.5%
All senses 82.5% 45.3% 8.4%
Some senses 3.4% 35.6% 49.7%
Other senses concerned ) ’ ’
No senses 1.5% 2.7% 12.4%
Unsure 12.6% 16.4% 29.5%
Family history 25.4% 25.6% 17.7%
Family history No family history 31.8% 28.3% 23.4%
Unsure about family history  |42.99% 46.1% 58.9%
Poor 44.2% 71.8% 27.5%
Autobiographical memory |Good 31.0% 6.2% 43.9%
Unsure 24.8% 22.0% 28.6%
Poor 26.4% 62.1% 31.2%
Spatial navigation skills  |Good 61.7% 26.3% 56.6%
Unsure 11.9% 11.6% 12.2%
No dreams 12.4% 12.8% 6.1%
. ) Dreams without images 15.7% 17.4% 10.2%
Dreaming experiences Lo :
Dreams with images 56.7% 53.9% 71.5%
Unsure 15.2% 15.8% 12.1%
Yes 1.2% 3.6% 5.5%
Experiences of synaesthesia [No 84.5%
Unsure 2.7% 11.0% 10.0%
Difficulties with face ~ |Yes 21.2% 73.8% 21.1%
recognition No 78.8% 26.2% 78.9%
Class 3 = 0.77, indicating moderate-to-strong class separation.
Table 4
Class demographics.
3.3. Aphantasia classes comparison Class 1 Class 2 Class 3
n=1208 n=1145 n=1530
To better describe the 3 classes identified within the Moderate to Age in years, M (SD, 42.5(15.5,16-  40.5(14.7,16—  39.3(14.6,16—
Extreme aphantasia population, we conducted group comparisons range) 84) 99) 94)
(mirroring those presented above) with the 3883 volunteers included in VVIQ, M (SD, range) 16.3(1.24,16~  17.0(1.88,16—  17.0(1.86,16~
the LCA. Basic demographic information for each class is presented in . . 23) ) 23)
o | K Highest Education, n (%)
Table 4. Only 11.4% of the respondents indicated their gender, so this Less than an 473 (32.7) 453 (31.3) 519 (35.9)
variable was not included in the group comparison. A summary of the undergraduate degree
comparisons is available in Table 5. All the details of the class com- Undergraduate degree 448 (31.0) 407 (28.2) 588 (40.7)
Postgraduate degree 287 (28.8) 285 (28.6) 423 (42.5)

parisons are available in supplementary material 3.

A one-way ANOVA showed the classes significantly differed in age (F
(1, 3880) = 15.5, p < 0.0001, generalised eta-squared ges n% = 0.008
(small effect size), Table 4), with post-hoc pairwise T-tests with Bon-
ferroni corrections clarifying that Classes 1 significantly differed from
both Classes 2 and 3, which did not significantly differ from each other
(Classes 1 vs 2: p = 0.003, Classes 1 vs 3: p < 0.0001).
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Table 5 Table 5 (continued)
Class comparisons summary. Variable Statistic results Standardised Visualisation
Variable Statistic results Standardised Visualisation residuals
residuals .
recurrence risk
VVIQ score F(2, 3880) = 56.8, p < 0.0001, small effect Table 4 ratio of 2.6 for
size Moderate
Class 1 # (Class 2 = Class 3) aphantasia
Education ¥%(4,3883)=13.2, - Class 1 = Class 2: Sup. Dreams 126, - Class 1: over- Fig. 1D
p = 0.01, small over- Material, 3883) = 165.5, representation of
effect size representation of Fig. 18 p < 0.0001, small lack of dreams
(Class 1 =2) # “Less than under- effect size - Class 2: over-
Class 3 graduate degree” Class 1 # Class 2 # representation of
- Class 3: over- Class 3 lack of dreams,
representation of dreams without
“Postgraduate images, and
degree” uncertainty
Occupation X2(14, - Class 1: over- Sup. - Class 3: over-
3333) =42.8, representation of Material, representation of
p < 0.0001, small “STEM” and “Trade ~ Fig. 19 dreams with
effect size & Labour” images
Class 1 # (Class - Class 2: over- Sensory ¥2(6, - Class 1: over- Fig. 1E
2=23) representation of experiences 3883) = 2647.4, representation of
“Education, p < 0.0001, large aphantasia in all
Training, & effect size sensory modalities
Library” Class 1 # Class 2 # - Class 2: over-
- Class 3: over- Class 3 representation of
representation of aphantasia in
“Arts, [...] Sports, “some” other
& Media” senses, under-
Age of discovery )(2(16, - Class 1: over- Sup. representation of
3879) = 40.2, representation of Material, aphantasia in no
p = 0.0007, small late adulthood Fig. 20 other senses
effect size (50s+) discovery - Class 3: over-
Class 1 # (Class - Class 2: over- representation of
2=23) representation of aphantasia in
mid-adulthood dis- “some” and no
covery (40s) other senses
- Class 3: over- Autobiographical x2(4, - Class 1: over- Fig. 1F
representation of memory 3883) = 835.6, representation of
early adulthood p < 0.0001, self-reported good
discovery (20s) medium effect size skills
Influence of mood  y*(4, 3883) = 75.5, - Class 1: over- Fig. 1A Class 1 # Class 2 # - Class 2: over-
p < 0.0001, small representation of Class 3 representation of
effect size “No” influence of self-reported poor
Class 1 # Class 2 # mood on imagery skills
Class 3 - Class 3: under- - Class 3: over-
representation of representation of
“No” influence of self-reported good
mood on imagery skills
Effect of eye x%(4, 3883) = 40.0, - Class 1: over- Fig. 1B Face recognition $(2, - Class 1 = Class 3: Fig. 1G
opening p < 0.0001, small representation of 3883) = 1800.5, over-
effect size “No” influence of p < 0.0001, large representation of
Class 1 # Class 2 # eye opening on effect size no face recognition
Class 3 imagery (Class 1 = 3) # difficulties
- Class 3: under- Class 2 - Class 2: over-
representation of representation of
“No” influence of face recognition
eye opening on difficulties
imagery Synaesthesia x4, - Class 1: an over- Fig. 1H
Family history x2(4, 3883) = 84.8, - Class 1: under- Fig. 1C 3883) = 125.3, representation of
p < 0.0001, small representation of p < 0.0001, small no experiences of
effect size uncertainty, sibling effect size synaesthesia
(Class 1 =2) # recurrence risk Class 1 # Class 2 # - Class 2: over-
Class 3 ratio of 15.7 for Class 3 representation of
Extreme uncertainty, under-
aphantasia representation of
- Class 2: over- no experiences of
representation of synaesthesia
family history of - Class 3: over-
aphantasia, sibling representation of
recurrence risk experiences of
ratio of 13.1 for synaesthesia
Extreme Window task v*(8, 3877) = 33.8, - Class 1: over- Sup.
aphantasia p < 0.0001, small representation of Material,
- Class 3: over- effect size non-visualisation Fig. 29

representation of
uncertainty, sibling

Class 1 # Class 2 #
Class 3

strategies
Class 2: over-
representation of

(continued on next page)
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Table 5 (continued)

Variable Statistic results Standardised Visualisation
residuals
the “Not able”,
“Other”, “Unsure”
responses
- Class 3: over-
representation of
visualisation
strategies
Amount of (4, - Class 1: over- Fig. 11
imagery 3878) = 137.5, representation of
p < 0.0001, small total absence of
effect size imagery
Class 1 # Class 2 # - Class 3: over-
Class 3 representation of
brief flashes and
uncertainty
Spatial navigation x4, - Class 1: over- Fig. 1J
3883) = 588.0, representation of
p < 0.0001, self-reported good
medium effect size skills
Class 1 # Class 2 # - Class 2: over-
Class 3 representation of
self-reported poor
skills
- Class 3: over-
representation of
self-reported good
skills
Reading speed X8, - Class 1: over- Fig. 1K

2097) = 26.703,
p = 0.0008, small
effect size

(Class 1 = 3) #
Class 2

representation of
similar speed of
reading and
speaking

- Class 2: over-

representation of a
reading speed
slower than
speaking speed

- Class 3: under-
representation of a
reading speed
slower than
speaking speed

4. Discussion
4.1. Summary

The present study sought to 1) replicate Zeman et al.'s (2020) com-
parisons of Extreme and Moderate forms of aphantasia and hyper-
phantasia (based on VVIQ scores); 2) expand the investigations of
Williams and Suggate (2024), Dawes et al. (2024), and Delem et al.
(2025) regarding possible subtypes of aphantasia, considering several
cognitive features as well as imagery experiences; and 3) identify the
similarities and differences between these subtypes. As expected, most
of Zeman et al.'s (2020) findings based on 2000 volunteers were repli-
cated in the present large sample of 6436 respondents. In fact, our study
stands out in the field thanks to its large sample of new volunteers who
provided wide-ranging information about their experience, allowing us
to search for subtypes that previous, less-powered studies might have
missed. Crucially, our analysis did identify 3 subtypes of aphantasia with
specific patterns of strengths and difficulties within the wider sensory
and cognitive domains. As such, this study is the first to report that
beyond the imagery differences between Extreme versus Moderate
aphantasia and between those with uni-versus multi-sensory aphantasia,
another population exists that experiences a wide range of cognitive
difficulties in domains linked to imagery. This finding — which should be
considered within the boundaries of our methods’ limitations — raises
questions about the roots and wider impacts of weak imagery.

Neuropsychologia 229 (2026) 109500
4.2. Key findings

Within our large sample of respondents, we replicated most of Zeman
et al.'s (2020) findings: high visualisers were more likely than typical
and poor (partial or total absence of imagery) visualisers to report an
impact of their mood on their imagery skills, experiences of synaesthe-
sia, using visual strategies to solve the window counting task, and family
history of hyperphantasia. In contrast, people with poor or absent
mental imagery were more likely than people with typical or vivid im-
agery to report poor autobiographical memory, poor face recognition
skills, not dreaming or not having visual dreams, using nonvisual stra-
tegies to solve the window counting task, and no impact on their im-
agery of having their eyes open or closed. We found a sibling recurrence
risk ratio for Extreme aphantasia of 13.2, similar to the 10-fold increase
in the likelihood of aphantasia in siblings (compared to the general
population) identified by Zeman et al. (2020). In addition, we also found
that for both poor and vivid visualisers, the sibling recurrence risk ratio
(detailed in Supplementary Material 1) was higher at the more extreme
end of the visualisation group. Like Zeman et al. (2020), we also found
that those at the extreme ends of the visualisation spectrum were more
likely to experience poor or vivid imagery in all sensory modalities,
while those closer to typical visualisers (the Moderate groups) were
more likely to only experience poor or vivid imagery in some other but
not all sensory modalities. This mirrors Dawes et al. (2024), where most
volunteers with weak but not absent visual imagery had most to all other
senses within the typical range. We also replicated the finding that poor
visualisers were less likely than others to work in an art-, media- or
sport-related field. However, in our sample, this group was not more
likely to be working in STEM, instead showing a higher likelihood of
working in business or management, though both may leverage similar
analytical skills.

Our sample did not include a group of control participants who
consider themselves typical visualisers. Instead, we have used as a
baseline the group scoring within the mid-range of the VVIQ, even
though those participants joined the study while self-identifying as
having either poor or vivid imagery (see further comments about this
group in the section Limitations & future directions below). It is possible
that while this group scored within the typical range of the VVIQ, these
volunteers differ from typical visualisers in other ways that are simply
not captured by the VVIQ. Still, using this group had the advantage of
comparing poor and vivid visualisers to a population with similar
perceived imagery skills, whose only different characteristic is their
VVIQ score. As such, we could explore similarities and differences be-
tween groups strictly based on VVIQ score, regardless of self-
assignation. In addition, the similarity between our results and those
of previous research — including Zeman et al. (2020), which included a
‘true’ typical visualiser group - suggests that relying on this group did
not weaken our methodology.

Overall, our findings support the hypothesis that those with very low
or absent imagery can differ from typical and vivid imagers in multiple
domains beyond strict visualisation skills: poor visualisation skills are
often associated with a range of sensory and cognitive features such as
generalised poor imagery in all sensory modalities, autobiographical
memory and face recognition difficulties, atypical spatial problem-
solving strategies, and atypical dreams. Together, this supports the hy-
pothesis of a strong link between imagery skills and cognitive processes,
though group differences could also be linked to the observed de-
mographic differences. Indeed, the Extreme aphantasia group being
significantly older than some other groups, including Mid-range, and
being more likely to have less than an undergraduate degree than the
other groups, may have played a role in their increased likelihood to self-
report lower skills than other groups in several cognitive domains, such
as autobiographical memory. Yet, the congruence between our findings
and those by Zeman et al. (2020), where there were no significant age
differences between aphantasic and hyperphantasic volunteers, both
significantly younger than the control group, suggests that true group
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A. Impact of mood on mental imagery in
each class

Self-reported impact of mood on mental imagery
within each class

A M Yes No M Unsure
80%

70%
60%

50%

30%
20%
10%

Percentage
S
=3
®

0%

s " s
1 2 3
Class

B. Impact of eye-opening on mental imagery
in each class

Self-reported impact of eye opening on mental imagery
within each class

2% W Yes MNo M Unsure

1 2 3
Class
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C. Family history of aphantasia within each
class

within each class

M Yes HINo M Unsure

D. Dreaming experiences within each class

Proportion of dreaming experiences within each class
80!

%
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S0 [ Dream without images I Unsure

60%
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E. Mental imagery in other sensory
modalities within each class

Proportion of other senses experiencing aphantasia
within each class
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F. Self-identified autobiographical memory
difficulties within each class

Proportion of self-reported impact
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G. Self-reported experiences of face
recognition difficulties within each class
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within each class
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H. Self-reported experiences of synaesthesia
within each class
Proportion of synaesthesia within each class
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1. Self-identified amount of imagery
experienced within each class

Self-reported amount of imagery experienced
within each class
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J. Self-identified spatial navigation skills
within each class
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Fig. 1. Aphantasia classes comparisons.



B.G. Digard et al.

differences exist beyond the role of age and education.

Still, some of our results here conflict with evidence reported else-
where. For example, our results suggest that aphantasic people are more
likely to self-report having poor spatial navigation skills. However,
findings regarding spatial memory and spatial navigation are still
somewhat inconsistent, with evidence showing both the presence
(Crowder, 2018) and absence (Dawes et al., 2020) of significant diffi-
culty in aphantasia compared to typical visualisers. Our results might be
explained by the fact that we used a coarse-grained self-report tool to
capture spatial navigation skills (as discussed further below), though
another explanation could be the existence of subtypes. Indeed, when
addressing this same discrepancy, Palermo et al. (2022) distinguished
two subtypes of aphantasia: “spatial aphantasia” — with visuo-spatial
mental imagery and navigation difficulties, and “object aphantasia” —
with difficulties representing single items or events, noting that those
could co-exist. This hypothesis of subtypes aligns with our group-based
results: as found by Zeman et al. (2020), neither the Extreme nor
Moderate aphantasia groups were monoliths in their sensory and
cognitive profiles; instead, we observed a wide diversity of reports, both
in terms of the quantitative assessments reported here and in the lived
experiences described by aphantasic volunteers in Digard et al. (2026).
Are the different experiences of poor visualisers spread across the pop-
ulation, or do they cluster in subtypes with distinct characterisations?

Even though our measures of each sensory and cognitive domain
were coarse-grained, the LCA identified 3 subtypes of equal proportion
within our large sample of Moderate and Extreme aphantasic re-
spondents with distinct sensory and cognitive features, as subsequently
confirmed by the class comparison. Those comparisons showed that the
main features teasing apart the subtypes were the other sensory expe-
riences, face recognition skills, autobiographical memory skills, and
spatial navigation skills (all with a large effect size). Class 1, ‘global
aphantasia’, was characterised by very low or absent imagery in most or
often all sensory modalities (similarly to ‘global aphantasia’ described
by Zeman et al. (2024)), regardless of the presence of distracting
incoming visual information (eye opened or closed), including a lower
likelihood of visual imagery during dreams (involuntary imagery), and a
lower likelihood of one's mood impacting (involuntarily) their imagery
skills; but with otherwise minor cognitive features. Class 3, ‘non-global
aphantasia’, can be described as a non-global, visual or multisensory
(Zeman et al., 2026) form of Class 1, with mostly low to absent imagery
in some, though not all, sensory modalities, and otherwise limited to no
cognitive difficulties. This class showed, however, a high likelihood of
experiencing visual dreams, which prompts further investigation into
their involuntary imagery. Finally, Class 2, ‘aphantasia +,” was char-
acterised by its more widespread cognitive difficulties. Alongside low or
absent imagery in some to all sensory modalities (multisensory to global
aphantasia), including during dreams, Class 2 also displayed poor
autobiographical memory, poor spatial navigation skills, poor face
recognition skills, and a high likelihood of slower reading speed.

In spite of our less fine-grained measures than those used by previous
authors, our findings replicate and extend those by Dawes et al. (2024)
and Delem et al. (2025) of distinct sensory and cognitive profiles in
aphantasia, with subtypes characterised by two main dimensions:
number (and type) of sensory modalities experiencing low imagery, and
the intensity of aphantasia in the concerned sensory modalities (total
lack of versus poor imagery). Here we go further by adding the dimen-
sion of cognitive correlates, with the presence versus absence of diffi-
culties in other cognitive processes (outcome model with 2 classes),
discriminating aphantasia subtypes before the generalised versus
restricted sensory experiences (outcome model with 3 classes), thus
highlighting the importance of those cognitive outcomes. In addition,
the outcome models with 4 and 5 classes (Supplementary material 2)
suggest that cognitive differences can occur with varying levels of in-
tensity, regardless of the extent of the sensory differences. This also
explains the diverse visual imagery skills included in Class 2, and sug-
gests that absent imagery alone might not increase the probability of
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experiencing other cognitive differences.
4.3. Limitations & future directions

These findings must be interpreted cautiously in the light of their
limitations. Indeed, despite the large sample size involved in this anal-
ysis, the various effect size indicators of the LCA yielded a weak to
moderate fitness of the models to the data, with a moderate classifica-
tion accuracy when assigning volunteers to classes. Of course, this could
suggest that these dimensions (intensity and generalisation of sensory
aphantasia, presence of cognitive correlates) are not robustly defined.
The small effect size observed in the LCA could also reflect the mathe-
matical approaches used, with other modelling strategies yielding
different results. However, this could also be explained by the exclusive
use of self-assessed and self-reported measures instead of objective
correlates (Zeman, 2024). One issue with these measures is their limited
and coarse-grained categorical answers (“Yes”, “No”, “Unsure”), level-
ling fine specificities of experiences. However, our replication of Dawes
et al.'s (2024) findings suggests our approach is robust. Finally, across
our entire sample of volunteers included in the group comparison, it is
evident that there are discrepancies between some of the volunteers’
perceptions of their skills and their measured performances. These in-
consistencies may be due not to an under- or over-estimation of their
skills, but to a misunderstanding of what is considered “typical” imag-
ery, or a mismatch between the imagery processes they conceptualised
and those measured by the VVIQ. Such discrepancies in subjective bias
likely occurred within those scoring 23 and under on the VVIQ and
included in the LCA, including in questions used for the classification.
However, it is also possible that this discrepancy between self-perceived
visual imagery skills and VVIQ scores is due to the experience of diffi-
culties in other aspects of visual imagery not captured by the VVIQ
(focused on vividness), such as generating, maintaining, or controlling
visual imagery. Indeed, as described by Digard et al. (2026) and Kendle
(2017), the experience of faint imagery can take many forms, for
example, with the experiences of detailed flashes that cannot be
sustained.

Future research should interrogate these findings, testing volunteers
with a range of finer, more robustly defined, and validated assessments,
ideally including select behavioural or neurophysiological measures in
addition to self-reports (Larner et al., 2024). We recommend including
specific assessments of imagery in a range of sensory modalities, like
Dawes et al. (2024), measures of both voluntary and involuntary im-
agery, and measures precisely capturing the different elements of im-
agery, such as generation, maintenance and manipulation. We also
recommend the inclusion of assessments capturing autobiographical
memory, face imagery and recognition, spatial navigation, word pro-
cessing, and socioemotional processing. Indeed, this later domain has
received only limited interest so far even though some aphantasic people
express feelings of socioemotional disconnection (Digard et al., 2026),
and aphantasia is linked to both elevated rates of alexithymia and
reduced emotional response to verbal emotional stimuli, compared to
typical imagers (Monzel et al., 2024; Wicken et al., 2021; Zeman et al.,
2026). In addition, the closed-ended items of the survey did not spe-
cifically address whether the respondents had acquired or congenital
aphantasia; thus, a minority of our volunteers are likely to present an
“acquired-specific” profile. Importantly, the distinction between ac-
quired and congenital types may be more complex to identify than
previously expected when the acquisition has potentially occurred
during childhood, as suspected by some aphantasic people (Digard et al.,
2026). In any case, future research should ensure the thorough
recording of this variable, and investigate the potential existence of
different forms of acquired aphantasia as well.

Finally, while this study did not gather a large enough sample of
hyperphantasic participants to explore the existence of subtypes in
hyperphantasia, future research should also address individual differ-
ences and ramifications of imagery skills at the other end of the mental
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imagery spectrum.
4.4. Implications

Our findings reinforce the need for a robust, evidence-based theory
of aphantasia that allows for the variety of sensory and cognitive profiles
identified here. Additional research is necessary to identify whether
aphantasia represents the extreme of the normal distribution of visual
imagery abilities, a distinct neurotype or set of neurotypes or a combi-
nation of the two.

Indeed, our results raise important questions regarding the roots and
ramifications of poor visual imagery skills. Are co-occurring cognitive
difficulties in domains that overlap with imagery (i.e. autobiographical
memory, spatial navigation, face recognition) a consequence of poor
imagery? If that were the case, these cognitive features would be
observed in most people with totally absent imagery, but rarely in those
with only somewhat poor imagery. Instead, we identified that half
(outcome model with 2 classes, see Supplementary material 2) to two-
thirds (outcome model with 3 classes) of our sample, including many
without any visual imagery, did not experience them. This suggests that
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these cognitive difficulties are not an inevitable direct consequence of
absent imagery. Therefore, we can consider two other hypotheses
(Fig. 2): either 1) low imagery and these cognitive features are the re-
sults of (at least) two distinct neurodevelopmental phenomena that are
likely to co-occur (i.e. phenomena A leading to low imagery, and phe-
nomena B leading to the observed cognitive features), or 2) low or ab-
sent imagery can be the results of (at least) two distinct
neurodevelopmental phenomena, with (at least) one of them also
leading to a range of cognitive correlates (i.e. phenomena A leading to
low imagery alone, and phenomena B leading to low imagery and the
observed cognitive features). These developmental hypotheses are
particularly relevant considering the overlap between aphantasia and
types of neurodivergence (Monzel et al., 2023), especially autism (King
et al., 2024). As such, researching aphantasia through a neurodiversity
lens, and recording other neurotypes within the population (such as
autism) is a priority.

As the limited neurological data currently available (see Zeman
(2024) for a brief review) does not offer evidence to disentangle these
hypotheses, a closer description of the various experiences of aphantasia
(i.e. intensity, uni- and multi-modality, measure of accessibility, agency,

Hypothesis 1 - Separate co-occurring processes for low imagery and cognitive features

Developmental

« | Low [ absent

process A

co-occurence

Developmental

imagery

Other observed

High likelihood of

process B

cognitive features

Hypothesis 2 - Separate processes for low imagery with and without cognitive features

Developmental

« lLow [ absent

process A

Developmental
process C

imagery

Low / absent
imagery

Other observed
cognitive features

Hypothesis 3 - Same process for low imagery with and without cognitive features, additional

compensatory mechanisms
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process C

Compensatory
mechanisms

Fig. 2. Neurodevelopmental process hypotheses

Low / absent
imagery

~

Other observed
cognitive features

Note. In hypotheses 1 and 2 presented in this infographic, both processes A and B could exist with varying levels of intensity, similar to compensatory mechanisms
(hypothesis 3), thus accounting for differences in the amount of imagery experienced.
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generation, maintenance, and exploration of imagery, with and without
additional cognitive features) could provide some answers. Adopting a
longitudinal lens would also allow us to map out the cognitive devel-
opment of these skills, and identify factors that may increase or decrease
the likelihood of experiencing low imagery. Indeed, while the compar-
atively high proportion of 1st-degree relatives with aphantasia may
suggest a genetic component, other factors are also likely to be at play.
Finally, one other possible explanation is that those with absent imagery
who do not report additional cognitive difficulties rely on compensatory
mechanisms or alternate cognitive pathways to typical visualisers, while
those who experience these cognitive difficulties do not. Indeed, Keogh
et al. (2021) and Reeder et al. (2024) found that while aphantasic vol-
unteers performed similarly to typical visualisers on visual working
memory tasks, there were significant differences in the strategies used to
fulfil the tasks, with aphantasic volunteers relying more on non-visual
spatial, sensorimotor, propositional or labelling strategies than typical
visualisers (who relied more on visual strategies).

These questions have crucial ramifications for aphantasia and im-
agery research. Aphantasia has been primarily studied as a uniform
experience varying along a single dimension, the richness (or lack
thereof) of deliberate visual imagery. It has been operationalised as a
straightforward condition of low or absent visual imagery, when the
experiences of those who fit this criterion differ vastly from each other's
and from that of typical visualisers, in multiple domains. Future research
should therefore refrain from considering aphantasic volunteers as a
homogenous group, and instead embrace a multidimensional approach
that takes into account individual differences. Such a paradigm shift
would ensure that existing cognitive differences between typical visu-
alisers and precise subtypes of aphantasic people are not overshadowed
by group-level similarities, and vice versa.

4.5. Conclusion

This study reasserts the heterogeneous nature of aphantasia:
considering only people with low to absent visual imagery, we identified
three subtypes of aphantasia that differ in the extensiveness of their
sensory imagery and the presence (or absence) of difficulties outwith
strict sensory imagery. These findings align with the sheer diversity of
lived experiences that can be witnessed in the testimonies of aphantasic
people. We raise questions regarding the roots and ramifications of low
imagery, and we emphasise the need for a multidimensional approach to
aphantasia in research, that captures individual differences beyond vi-
sual imagery.

Declaration of generative Al in scientific writing
No generative Al was used to write this manuscript.
CRediT authorship contribution statement

Bérengere Galadriel Digard: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Project administration,
Resources, Visualization, Writing — original draft. Kealan Jones:
Methodology, Project administration, Writing — review & editing.
Fraser Milton: Methodology, Writing — review & editing. Zoe Foster:
Methodology, Project administration, Writing — review & editing. Adam
Zeman: Conceptualization, Funding acquisition, Investigation, Meth-
odology, Project administration, Resources, Supervision, Writing — re-
view & editing.

5 Acknowledgements and statements

We thank the respondents who took part in our research and made
this study possible. Authors declare no competing interests. The anon-
ymous data will be made publicly available on an online data repository
in line with the University of Edinburgh's data management guidelines.

11

Neuropsychologia 229 (2026) 109500
This study was funded by the Tibore Foundation.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.neuropsychologia.2026.109500.

References

Bowles, D.C., McKone, Elinor, Dawel, Amy, Duchaine, Bradley, Palermo, Romina,
Schmalzl, Laura, Rivolta, Davide, Wilson, C. Ellie, Yovel, G., 2009. Diagnosing
prosopagnosia: effects of ageing, sex, and participant-stimulus ethnic match on the
Cambridge Face Memory Test and Cambridge Face Perception Test. Cogn.
Neuropsychol. 26 (5), 423-455. https://doi.org/10.1080/02643290903343149.

Bumgardner, A.L., Yuan, K., Chiu, A.V., 2021. I cannot picture it in my mind: acquired
aphantasia after autologous stem cell transplantation for multiple myeloma. Oxford
Medical Case Reports 2021 (5). https://doi.org/10.1093/0omer/omab019.

Crowder, A., 2018. Differences in Spatial Visualization Ability and Vividness of Spatial
Imagery Between People with and Without Aphantasia. Virginia Commonwealth
University.

Dance, C.J., Hole, G., Simner, J., 2023. The role of visual imagery in face recognition and
the construction of facial composites. Evidence from Aphantasia. Cortex 167,
318-334. https://doi.org/10.1016/j.cortex.2023.06.015.

Dance, C.J., Ipser, A., Simner, J., 2022. The prevalence of aphantasia (imagery weakness)
in the general population. Conscious. Cognit. 97, 103243. https://doi.org/10.1016/
j-concog.2021.103243.

Dance, C.J., Jaquiery, M., Eagleman, D.M., Porteous, D., Zeman, A., Simner, J., 2021.
What is the relationship between Aphantasia, Synaesthesia and Autism? Conscious.
Cognit. 89, 103087. https://doi.org/10.1016/j.concog.2021.103087.

Dando, C.J., Nahouli, Z., Hart, A., Pounder, Z., 2023. Real-world implications of
aphantasia: episodic recall of eyewitnesses with aphantasia is less complete but no
less accurate than typical imagers. R. Soc. Open Sci. 10 (10), 231007. https://doi.
0rg/10.1098/rs0s.231007.

Dawes, A.J., Keogh, R., Andrillon, T., Pearson, J., 2020. A cognitive profile of multi-
sensory imagery, memory and dreaming in aphantasia. Sci. Rep. 10 (1), 10022.
https://doi.org/10.1038/541598-020-65705-7.

Dawes, A.J., Keogh, R., Pearson, J., 2024. Multisensory subtypes of aphantasia: mental
imagery as supramodal perception in reverse. Neurosci. Res. 201, 50-59. https://
doi.org/10.1016/j.neures.2023.11.009.

Dawes, A.J., Keogh, R., Robuck, S., Pearson, J., 2022. Memories with a blind mind:
remembering the past and imagining the future with aphantasia. Cognition 227,
105192. https://doi.org/10.1016/j.cognition.2022.105192.

de Vito, S., Bartolomeo, P., 2016. Refusing to imagine? On the possibility of psychogenic
aphantasia. A commentary on Zeman et al. (2015). Cortex 74, 334-335. https://doi.
org/10.1016/j.cortex.2015.06.013. What’s Your Poison? Neurobehavioural
Consequences of Exposure to Industrial, Agricultural and Environmental Chemicals.

Delem, M., Turkben, S., Cavalli, E., Cousineau, D., Plancher, G., 2025. Unsupervised
clustering reveals spatial and verbal cognitive profiles in aphantasia and typical
imagery. Neuropsychologia 219, 109279. https://doi.org/10.1016/j.
neuropsychologia.2025.109279.

Digard, B.G., Schul, K., Zeman, A., 2026. Behind a dark curtain: the lived experiences of
aphantasia. Neuropsychologia.

Dziak, J.J., Lanza, Stephanie T., Tan, X., 2014. Effect size, statistical power, and sample
size requirements for the bootstrap likelihood ratio Test in latent class analysis.
Struct. Equ. Model.: A Multidiscip. J. 21 (4), 534-552. https://doi.org/10.1080/
10705511.2014.919819.

Greenberg, D.L., Knowlton, B.J., 2014. The role of visual imagery in autobiographical
memory. Mem. Cognit. 42 (6), 922-934. https://doi.org/10.3758/513421-014-
0402-5.

Griiter, T., Griiter, M., Bell, V., Carbon, C.-C., 2009. Visual mental imagery in congenital
prosopagnosia. Neurosci. Lett. 453 (3), 135-140. https://doi.org/10.1016/j.
neulet.2009.02.021.

Jin, F., Hsu, S.-M,, Li, Y., 2024. A Systematic Review of Aphantasia: Concept,
Measurement, Neural Basis, and Theory Development. https://doi.org/10.20944/
preprints202407.0680.v1.

Kendle, A., 2017. Aphantasia: Experiences, Perceptions, and Insights. Bennion Kearny
Limited.

Keogh, R., Wicken, M., Pearson, J., 2021. Visual working memory in aphantasia: retained
accuracy and capacity with a different strategy. Cortex 143, 237-253. https://doi.
org/10.1016/j.cortex.2021.07.012.

King, R., Buxton, H., Tyndall, I., 2024. Aphantasia and autism: an investigation of mental
imagery vividness. Conscious. Cognit. 125, 103749. https://doi.org/10.1016/j.
concog.2024.103749.

Knowles, L., Jones, K., Zeman, A., 2021. Acquired aphantasia in 88 cases: a preliminary
report. J. Neurol. Neurosurg. Psychiatr. 92, A6-A7. https://doi.org/10.1136/jnnp-
2021-BNPA.17.

Larner, A., Leff, A., Nachev, P., 2024. Phantasia, aphantasia, and hyperphantasia:
empirical data and conceptual considerations. Neurosci. Biobehav. Rev. 164,
105819. https://doi.org/10.1016/j.neubiorev.2024.105819.

Linzer, D.A., Lewis, J.B., 2011. poLCA: an R package for polytomous variable latent class
analysis. J. Stat. Software 42, 1-29. https://doi.org/10.18637/jss.v042.i10.

Marks, D.F., 1995. New directions for mental imagery research. J. Ment. Imagery 19
(3-4), 153-167.


https://doi.org/10.1016/j.neuropsychologia.2026.109500
https://doi.org/10.1016/j.neuropsychologia.2026.109500
https://doi.org/10.1080/02643290903343149
https://doi.org/10.1093/omcr/omab019
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref3
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref3
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref3
https://doi.org/10.1016/j.cortex.2023.06.015
https://doi.org/10.1016/j.concog.2021.103243
https://doi.org/10.1016/j.concog.2021.103243
https://doi.org/10.1016/j.concog.2021.103087
https://doi.org/10.1098/rsos.231007
https://doi.org/10.1098/rsos.231007
https://doi.org/10.1038/s41598-020-65705-7
https://doi.org/10.1016/j.neures.2023.11.009
https://doi.org/10.1016/j.neures.2023.11.009
https://doi.org/10.1016/j.cognition.2022.105192
https://doi.org/10.1016/j.cortex.2015.06.013
https://doi.org/10.1016/j.cortex.2015.06.013
https://doi.org/10.1016/j.neuropsychologia.2025.109279
https://doi.org/10.1016/j.neuropsychologia.2025.109279
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref13
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref13
https://doi.org/10.1080/10705511.2014.919819
https://doi.org/10.1080/10705511.2014.919819
https://doi.org/10.3758/s13421-014-0402-5
https://doi.org/10.3758/s13421-014-0402-5
https://doi.org/10.1016/j.neulet.2009.02.021
https://doi.org/10.1016/j.neulet.2009.02.021
https://doi.org/10.20944/preprints202407.0680.v1
https://doi.org/10.20944/preprints202407.0680.v1
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref18
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref18
https://doi.org/10.1016/j.cortex.2021.07.012
https://doi.org/10.1016/j.cortex.2021.07.012
https://doi.org/10.1016/j.concog.2024.103749
https://doi.org/10.1016/j.concog.2024.103749
https://doi.org/10.1136/jnnp-2021-BNPA.17
https://doi.org/10.1136/jnnp-2021-BNPA.17
https://doi.org/10.1016/j.neubiorev.2024.105819
https://doi.org/10.18637/jss.v042.i10
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref24
http://refhub.elsevier.com/S0028-3932(26)00146-6/sref24

B.G. Digard et al.

Milton, F., Fulford, J., Dance, C., Gaddum, J., Heuerman-Williamson, B., Jones, K.,
Knight, K.F., MacKisack, M., Winlove, C., Zeman, A., 2021. Behavioral and neural
signatures of visual imagery vividness extremes: aphantasia versus Hyperphantasia.
Cerebral Cortex Communications 2 (2). https://doi.org/10.1093/texcom/tgab035.

Monzel, M., Dance, C., Azandn, E., Simner, J., 2023a. Aphantasia within the framework
of neurodivergence: some preliminary data and the curse of the confidence gap.
Conscious. Cognit. 115, 103567. https://doi.org/10.1016/j.concog.2023.103567.

Monzel, M., Karneboge, J., Reuter, M., 2024a. Affective processing in aphantasia and
potential overlaps with alexithymia: mental imagery facilitates the recognition of
emotions in oneself and others. Biomarkers in Neuropsychiatry, 100106. https://doi.
org/10.1016/j.bionps.2024.100106.

Monzel, M., Leelaarporn, P., Lutz, T., Schultz, J., Brunheim, S., Reuter, M.,
McCormick, C., 2024b. Hippocampal-Occipital Connectivity Reflects
Autobiographical Memory Deficits in Aphantasia. https://doi.org/10.7554/
eLife.94916.1.

Monzel, M., Vetterlein, A., Hogeterp, S.A., Reuter, M., 2023b. No increased prevalence of
prosopagnosia in aphantasia: visual recognition deficits are small and not restricted
to faces. Perception 52 (9), 629-644. https://doi.org/10.1177/
03010066231180712.

Monzel, M., Vetterlein, A., Reuter, M., 2022. Memory deficits in aphantasics are not
restricted to autobiographical memory — perspectives from the Dual Coding
approach. J. Neuropsychol. 16 (2), 444-461. https://doi.org/10.1111/jnp.12265.

Palermo, L., Boccia, M., Piccardi, L., Nori, R., 2022. Congenital lack and extraordinary
ability in object and spatial imagery: an investigation on sub-types of aphantasia and
hyperphantasia. Conscious. Cognit. 103, 103360. https://doi.org/10.1016/j.
concog.2022.103360.

Palombo, D.J., Sheldon, S., Levine, B., 2018. Individual differences in autobiographical
memory. Trends Cognit. Sci. 22 (7), 583-597. https://doi.org/10.1016/j.
tics.2018.04.007.

Pearson, J., 2019. The human imagination: the cognitive neuroscience of visual mental
imagery. Nat. Rev. Neurosci. 20 (10), 624-634. https://doi.org/10.1038/541583-
019-0202-9.

Reeder, R.R., Pounder, Z., Figueroa, A., Jiillig, A., Azanon, E., 2024. Non-visual spatial
strategies are effective for maintaining precise information in visual working
memory. Cognition 251, 105907. https://doi.org/10.1016/j.
cognition.2024.105907.

Reeder, R., Figueroa, A., 2022. A new visual mental imagery classification system for
imagery “extremes”: evidence from visual working memory, visual priming,
anomalous perception, and imagery-memory interference tasks. J. Vis. 22 (14),
3321. https://doi.org/10.1167/jov.22.14.3321, 3321.

Shah, P., Gaule, A., Sowden, S., Bird, G., Cook, R., 2015. The 20-item prosopagnosia
index (PI20): a self-report instrument for identifying developmental prosopagnosia.
R. Soc. Open Sci. 2 (6), 140343. https://doi.org/10.1098/r50s.140343.

12

Neuropsychologia 229 (2026) 109500

Sinha, P., Calfee, C.S., Delucchi, K.L., 2021. Practitioner's guide to latent class analysis:
methodological considerations and common pitfalls. Crit. Care Med. 49 (1),
e63-€79. https://doi.org/10.1097/CCM.0000000000004710.

Thorudottir, S., Sigurdardottir, H.M., Rice, G.E., Kerry, S.J., Robotham, R.J., Leff, A.P.,
Starrfelt, R., 2020. The architect who lost the ability to imagine: the cerebral basis of
visual imagery. Brain Sci. 10 (2). https://doi.org/10.3390/brainscil0020059.
Article 2.

Watkins, N.W., 2018. (A)phantasia and severely deficient autobiographical memory:
scientific and personal perspectives. Cortex 105, 41-52. https://doi.org/10.1016/j.
cortex.2017.10.010. The Eye’s Mind - Visual Imagination, Neuroscience and the
Humanities.

Weller, B.E., Bowen, N.K., Faubert, S.J., 2020. Latent class analysis: a guide to best
practice. J. Black Psychol. 46 (4), 287-311. https://doi.org/10.1177/
0095798420930932.

Wicken, M., Keogh, R., Pearson, J., 2021. The critical role of mental imagery in human
emotion: insights from fear-based imagery and aphantasia. Proc. Biol. Sci. 288
(1946), 20210267. https://doi.org/10.1098/rspb.2021.0267.

Williams, R., Suggate, S.P., 2024. Latent profiles of visual imagery: aphantasics, mid-
range imagers, and hyperphantasics experience reading differently. Imagin., Cognit.
Pers., 02762366241279404 https://doi.org/10.1177/02762366241279404.

Wright, D.J., Scott, M.W., Kraeutner, S.N., Barhoun, P., Bertollo, M., Campbell, M.J.,
Waltzing, B.M., Dahm, S.F., Esselaar, M., Frank, C., Hardwick, R.M., Fuelscher, I.,
Marshall, B., Hodges, N.J., Hyde, C., Holmes, P.S., 2024. An international estimate of
the prevalence of differing visual imagery abilities. Front. Psychol. 15, 1454107.
https://doi.org/10.3389/fpsyg.2024.1454107.

Zeman, A., 2024. Aphantasia and hyperphantasia: exploring imagery vividness extremes.
Trends Cognit. Sci. 0 (0). https://doi.org/10.1016/j.tics.2024.02.007.

Zeman, A., Dewar, M., Della Sala, S., 2015. Lives without imagery — congenital
aphantasia. Cortex 73, 378-380. https://doi.org/10.1016/j.cortex.2015.05.019.

Zeman, A., Digard, B., Happé, F., Levine, B., Monzel, M., 2026. Rendering aphantasia
into the social realm. Trends Cognit. Sci. https://doi.org/10.1016/j.
tics.2025.11.014, 0(0).

Zeman, A., Milton, F., Della Sala, S., Dewar, M., Frayling, T., Gaddum, J., Hattersley, A.,
Heuerman-Williamson, B., Jones, K., MacKisack, M., Winlove, C., 2020.
Phantasia-The psychological significance of lifelong visual imagery vividness
extremes. Cortex 130, 426-440. https://doi.org/10.1016/j.cortex.2020.04.003.

Zeman, A., Monzel, M., Pearson, J., Scholz, C.O., Simner, J., 2024. Aphantasia. Cortex.
https://doi.org/10.1016/j.cortex.2024.07.019. S0010945224002235.

Zeman, A.Z.J., Della Sala, S., Torrens, L.A., Gountouna, V.-E., McGonigle, D.J., Logie, R.
H., 2010. Loss of imagery phenomenology with intact visuo-spatial task
performance: a case of ‘blind imagination’. Neuropsychologia 48 (1), 145-155.
https://doi.org/10.1016/j.neuropsychologia.2009.08.024.


https://doi.org/10.1093/texcom/tgab035
https://doi.org/10.1016/j.concog.2023.103567
https://doi.org/10.1016/j.bionps.2024.100106
https://doi.org/10.1016/j.bionps.2024.100106
https://doi.org/10.7554/eLife.94916.1
https://doi.org/10.7554/eLife.94916.1
https://doi.org/10.1177/03010066231180712
https://doi.org/10.1177/03010066231180712
https://doi.org/10.1111/jnp.12265
https://doi.org/10.1016/j.concog.2022.103360
https://doi.org/10.1016/j.concog.2022.103360
https://doi.org/10.1016/j.tics.2018.04.007
https://doi.org/10.1016/j.tics.2018.04.007
https://doi.org/10.1038/s41583-019-0202-9
https://doi.org/10.1038/s41583-019-0202-9
https://doi.org/10.1016/j.cognition.2024.105907
https://doi.org/10.1016/j.cognition.2024.105907
https://doi.org/10.1167/jov.22.14.3321
https://doi.org/10.1098/rsos.140343
https://doi.org/10.1097/CCM.0000000000004710
https://doi.org/10.3390/brainsci10020059
https://doi.org/10.1016/j.cortex.2017.10.010
https://doi.org/10.1016/j.cortex.2017.10.010
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1177/0095798420930932
https://doi.org/10.1098/rspb.2021.0267
https://doi.org/10.1177/02762366241279404
https://doi.org/10.3389/fpsyg.2024.1454107
https://doi.org/10.1016/j.tics.2024.02.007
https://doi.org/10.1016/j.cortex.2015.05.019
https://doi.org/10.1016/j.tics.2025.11.014
https://doi.org/10.1016/j.tics.2025.11.014
https://doi.org/10.1016/j.cortex.2020.04.003
https://doi.org/10.1016/j.cortex.2024.07.019
https://doi.org/10.1016/j.neuropsychologia.2009.08.024

	Invisible variations: Associations and subtypes of visual imagery vividness extremes
	1 Introduction
	2 Methods
	2.1 Respondents
	2.2 Online questionnaire
	2.3 Analyses
	2.3.1 Group comparison – replication
	2.3.2 Latent class analysis
	2.3.3 Class comparison


	3 Results
	3.1 Group comparison replication: aphantasia versus hyperphantasia
	3.2 Latent class analysis
	3.3 Aphantasia classes comparison

	4 Discussion
	4.1 Summary
	4.2 Key findings
	4.3 Limitations & future directions
	4.4 Implications
	4.5 Conclusion

	Declaration of generative AI in scientific writing
	CRediT authorship contribution statement
	5 Acknowledgements and statements
	Appendix A Supplementary data
	References


