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Impact of imagery deficit on word-based object colour retrieval: Evidence from 
congenital aphantasia
Zhenjiang Cui, Xiangqi Luo, Yuxin Liu, Minhong Zhu, Zhiyun Dai, Xuliang Zhang and Zaizhu Han

National Key Laboratory of Cognitive Neuroscience and Learning & IDG/McGovern Institute for Brain Research, Beijing  
Normal University, Beijing, People’s Republic of China

ABSTRACT  
Aphantasia is a form of neurodivergence characterized by an absence of voluntary mental imagery. 
This absence affects not only basic cognition but also the processing of complex semantic content 
such as object colour, which typically relies on both visual and verbal representations. According to 
the Dual Coding Theory (DCT), combining these representations enhances semantic processing. 
However, this advantage has not been fully investigated under cross-modal conditions. To 
address this, we tested 24 individuals with congenital aphantasia and 22 controls on object 
colour decision and retrieval tasks using picture and word stimuli. Unlike controls, individuals 
with aphantasia showed no benefit from picture-based learning when retrieving colour via 
words. While their accuracy was unimpaired, their response efficiency was reduced. These 
findings support DCT and demonstrate the importance of visual imagery in facilitating cross- 
modal retrieval of object colour under verbal conditions.
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Introduction

Aphantasia is a form of neurodivergence, characterized 
by a reduced or absent capacity for voluntary mental 
imagery (Bainbridge et al., 2021; Bates & Farran, 2021; 
Dance et al., 2021; Keogh et al., 2021; Keogh & 
Pearson, 2018; Milton et al., 2021; Monzel et al., 2022, 
2023; Pounder et al., 2022; Zeman et al., 2015). The 
absence of visual imagery in aphantasia influences 
various cognitive processes. Studies have shown that 
individuals with aphantasia exhibited poor performance 
in autobiographical memory (Milton et al., 2021), verbal 
and visual short-/long-term memory (Monzel et al., 
2022), drawing recall (Bainbridge et al., 2021), face rec
ognition (Dance et al., 2023) and demonstrate a lack of 
attentional guidance through visual imagery (Monzel 
et al., 2021). Moreover, in binocular rivalry tasks, individ
uals with aphantasia cannot induce a perceptual bias 
toward red or green Gabor patches through internal 
visual imagery (Keogh & Pearson, 2018) and fail to 
produce a pupillary light response when attempting to 
form internal visual representations (Kay et al., 2022). 
Besides, a study utilizing skin conductance measure
ments also revealed that individuals with aphantasia 
maintain a fear response to frightening images but not 
to written material (Wicken et al., 2021). Other studies 
have found that individuals with aphantasia perform 

similarly to controls in some low-difficulty visual 
working memory tasks, and in some cases even better 
(Jacobs et al., 2018; Keogh et al., 2021; Pounder et al., 
2022). These findings support the idea that the cognitive 
processing procedures or strategies in individuals with 
aphantasia are altered due to the absence of visual 
imagery (Hurlburt & Akhter, 2006).

In addition to previously reported differences in basic 
cognitive functions such as memory, attention, and 
emotional experiences, individuals with aphantasia 
also exhibit differences from control participants in the 
processing of more complex and abstract semantic con
cepts. For instance, individuals with aphantasia are not 
affected by the verbal overshadowing effect (VOE) 
(Monzel et al., 2024; Kay et al., 2024). Additionally, com
pared to the control group, this population exhibited 
slower reaction time (RT) in voice-based imagery judg
ment tasks involving colour, shape, words, and faces, 
but their accuracy was similar (Liu et al., 2023; Liu & Bar
tolomeo, 2023). Among these properties, colour, as a 
visual property of objects, is often associated with 
specific object concepts (e.g., apples with red, bananas 
with yellow). Additionally, colour has uniqueness (Bi, 
2021; Striem-Amit et al., 2018; Wang et al., 2020), 
unlike shape (which can be activated by somatosensory 
or tactile representations, such as the distinction 
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between sharp and smooth) and size (where descrip
tions of object size do not always correspond precisely 
to their objective measurements). The activation and 
retrieval of colour primarily rely on internal visual or 
verbal representations, and there is often a precise cor
respondence between internal visual representations 
and verbal representations of colour (Gleason et al., 
2004; Kozhevnikov et al., 2005; Rich et al., 2006). 
However, existing research has not investigated the 
precise correspondence between the visual and verbal 
representations of object concepts and their colour 
properties. Furthermore, it has not explored how the 
absence of visual imagery affects the retrieval of object 
colour properties under cross-modal conditions when 
different types of learning or memory stimulus are 
experimentally manipulated.

Researchers who support Dual Coding Theory (DCT) 
argue that the simultaneous use of visual and verbal rep
resentations for cognitive processing is more advan
tageous than relying on a single strategy (Clark & 
Paivio, 1987; Linde & Paivio, 1979; Paivio, 1963; Paivio 
& Csapo, 1973). The discovery of aphantasia, combined 
with the unique nature of colour as an object property, 
provide a distinctive perspective to investigate the appli
cation of DCT in the semantic processing and memory 
retrieval of object colour. According to this theory, 
when retrieving the colour properties of objects, the 
concurrent use of visual and verbal representation strat
egies facilitates the retrieval of object colour (Hargis, 
1978; Vandenberghe et al., 1996; Yui et al., 2017). 
However, it is unclear whether this hypothesis holds 
under cross-modal stimulus conditions. Several studies 
have indicated that under picture stimulus conditions, 
the frequency of using visual representation strategies 
is significantly reduced (D’Angiulli, 2002; Kay et al., 
2022; Meng et al., 2023; Zeman et al., 2010; Monzel 
et al., 2021, p. 2022, 2024), therefore, there may be no 
significant behavioural differences between individuals 
with aphantasia and those with typical imagery. Further
more, it remains unclear whether individuals with 
aphantasia differ from those with typical imagery 
when retrieving object colour properties based on 
word stimuli. Considering that processing word stimuli 
may involve both verbal and imagery representations, 
and that the content of these representations may 
depend on prior learning exposure, we assumed that 
when participants had previously learned to picture 
stimuli, individuals with aphantasia—who lack imagery 
representations—may experience certain difficulties in 
retrieval. The specific pattern of such difficulties deserves 
further investigation, as it could provide valuable 
insights for theories concerning semantic concept pro
cessing related to visual representation.

Based on the aforementioned gaps and theoretical 
assumptions, this study comprehensively explores 
the impact of imagery representation deficits on 
cross-modal object colour properties retrieval, particu
larly under word-based retrieval conditions. We 
recruited 24 congenital aphantasia and 22 control par
ticipants. Each participant completed two successive 
tasks, namely, object colour decision and retrieval 
(see Figure 1), along with several questionnaires 
aimed at measuring verbal and visual imagery ability 
(Figure 2). The stimuli for each task consisted of visu
ally coloured object pictures or written Chinese 
names. In the colour decision task, participants were 
instructed to determine whether the colours of the pic
tures or words were typical or deviated from their 
mental representations, while also being instructed 
to remember the colours of the stimuli with atypical 
colours. In the colour retrieval task, participants were 
asked to ascertain whether the colours of the pictures 
or words were consistent with those identified in the 
colour decision task. The first task aimed to elucidate 
how deficits in imagery representation influence the 
retrieval of object colour knowledge based on long- 
term past life experience. The second task, in turn, 
aimed to examine how visual imagery deficits affect 
cross-modal object colour retrieval in short-term 
memory, while excluding the influence of long-term 
life experience. To our knowledge, this is the first 
study to specifically investigate how visual imagery 
deficits in individuals with aphantasia affect cross- 
modal retrieval of object colour properties, using 
both word and picture stimuli.

Materials and methods

Participants

This study determined the required sample size using 
G*Power 3.1.9.7 software. The Type I error probability 
was set at α = 0.05, with a statistical power of 1 − β =  
0.8, and a medium effect size (f = 0.25). The correlation 
among repeated measures was set to the default value 
of 0.5. The calculation indicated that a total sample 
size of 34 participants was required.

In total, 46 participants were recruited, all of whom 
were native Chinese Mandarin speakers with normal or 
corrected-to-normal vision, no colourblindness, and no 
history of mental illness or other clinical conditions 
that could potentially affect the results. Both control 
and aphantasia participants were primarily recruited 
through active online social platforms commonly used 
by young people. Except for one 37-year-old male with 
a university degree in the aphantasia group, all other 
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participants were undergraduate or graduate students. 
During the recruitment process, the aphantasia partici
pants contacted us and self-reported their condition, 
which was later confirmed through the completion of 
other relevant questionnaires. Each participant com
pleted the Chinese version of the Vividness of Visual 
Imagery Questionnaire (VVIQ; Marks, 1973; see details 
below), a widely used tool for distinguishing individuals 
with aphantasia. Previous large-sample studies have 
demonstrated that the Chinese version of the VVIQ has 
good reliability and validity (Sun et al., 2023; Zhou 
et al., 2020). According to established classification cri
teria (Bainbridge et al., 2021; Pounder et al., 2022), we 
classified 24 participants (14 females) as individuals 
with aphantasia (VVIQ score: 17.13 ± 2.58, range: 16- 
25; age: 24.00 ± 5.15, range: 18-37) and 22 participants 
(11 females) as controls (VVIQ score: 67.36 ± 8.18, 
range: 53-80; age: 23.82 ± 2.52, range 20-30). These 
two participant groups had significant differences in 
VVIQ scores (t44 = 27.58, FDR-corrected q < 0.001, 
Cohen’s d = 8.24, BF10 = 2.83×1026) and were compar
able in age (t34.04 = −0.15, FDR-corrected q = 0.88, 
Cohen’s d = −0.04) and sex (χ2 = 0.32, FDR-corrected q =  
0.57, Cramer’s V < 0.01). All participants provided 
written informed consent and were compensated for 
their participation. Ethical approval of this study was 
obtained from the Institutional Review Board of the 
affiliated institution.

Questionnaire

All participants completed the questionnaire online. To 
ensure data quality, we included probe items in the 

questionnaire to assess whether participants were 
responding attentively. Specifically, certain items 
instructed participants to select a particular answer, 
and compliance with these instructions was used as an 
indicator of attentiveness. Only the data from partici
pants who answered all of these items correctly were 
considered valid for analysis.

VVIQ
In previous studies, the VVIQ was used as a psychometric 
test of individual differences in visual imagery vividness 
(Bates & Farran, 2021; Keogh & Pearson, 2018; Milton 
et al., 2021; Zeman et al., 2015). The VVIQ involves par
ticipants imagining four scenes (e.g., a friend’s physical 
features, a rising sun, a shop or a country scene), each 
encompassing four specific aspects related to them 
(e.g., the overall appearance of the shop, a specific scen
ario of exchanging money with the counter assistant). 
Thus, the VVIQ comprises a total of 16 items. For each 
item, participants are asked to subjectively rate each 
aspect on a scale of 1–5 based on the vividness of the 
image in their mind (1 = no image at all, 3 = medium, 
5 = perfectly clear). The scores from the VVIQ completed 
by participants were summed, with the total possible 
score ranging between 16 and 80 points. A higher 
score indicates greater vividness of the image (Dance 
et al., 2023). Although VVIQ scores have been extensively 
used to screen for aphantasia, the range of scores used 
to define aphantasia varies across studies. For instance, 
some psychologists set the criteria for aphantasia 
within the range of 16–32 points (Dawes et al., 2020; 
Milton et al., 2021), while another group defined it as 
16–23 points (Milton et al., 2021; Zeman et al., 2020). 

Figure 1. Experimental stimuli and procedure for the object colour decision and retrieval task. Different stimulus borders represent 
different categories of stimuli (red: animals, blue: vegetables/fruits, green: body parts, purple: other objects). [To view this figure in 
colour, please see the online version of this journal.]
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Some recent researchers utilized a range of 16–25 points 
(Bainbridge et al., 2021; Pounder et al., 2022), which was 
also adopted in this study.

Other relevant questionnaires
In addition to the differences observed in VVIQ scores 
between individuals with aphantasia and controls, 
group differences have also been observed in other 
questionnaires designed to assess various dimensions 
of mental representational abilities (Blazhenkova & 
Pechenkova, 2019; Keogh & Pearson, 2018; Takahashi 
et al., 2023). The first questionnaire is the Object- 
Spatial Imagery and Verbal Questionnaire (OSIVQ), 
which measures three processing systems in participants 
(Huang et al., 2025). The first is the verbal system, where 
scores reflect participants’ ability to express, compre
hend, and produce spoken and written language. 
Second, for the object system, the scores indicate the 
participant’s ability to represent objects or scenes in 
colour, detail, and shape and to recognize objects. 
Finally, the spatial system, with scores indicating the par
ticipant’s ability to understand location, movement, 
spatial relationships, manipulation and transformation 
of objects (Blazhenkova & Kozhevnikov, 2009).

The second questionnaire is the Internal Represen
tations Questionnaire (IRQ), which has been demon
strated to possess high internal validity and good 
test-retest reliability. Initially, the IRQ contained only 
items measuring the extent to which people 

experience their thoughts in the form of language 
and use language to guide their thinking (verbal 
dimension). Subsequently, it was expanded to include 
measures for the vividness of visual imagery (visual 
dimension), items pertaining to orthographic imagery 
(orthographic dimension), and items that measure 
people’s subjective ease of manipulating mental rep
resentations across modalities (manipulation dimen
sion) (Roebuck & Lupyan, 2020).

The last questionnaire used was the Spontaneous Use 
of Imagery Scale (SUIS). Participants were asked to rate 
12 items on a scale from 1 to 5, indicating how well 
each item fit them (5 = perfectly suitable, and 1 = not 
suitable). The questionnaire measures the extent of par
ticipants’ spontaneous use of mental imagery, for 
example, “when I am looking for new furniture in a 
store, I always visualize what the furniture would look 
like in particular places in my home”, and “when I hear 
a friend’s voice, a visual image of him or her almost 
always springs to mind” (Reisberg et al., 2003).

To ensure that participants responded attentively 
throughout the questionnaires, we embedded attention 
probe items at predetermined points following several 
standard questions. These items featured the same 
response options as regular questions but included 
explicit instructions directing participants to select a 
specific response (e.g., “Please choose the “medium” 
option,” corresponding to the third choice, “medium,” 
in the VVIQ questionnaire). Participants were not 

Figure 2. Violin plots comparing scores on various cognitive and imagery-related questionnaires between the aphantasia and control 
groups. *** BF10: >30. [To view this figure in colour, please see the online version of this journal.]
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informed in advance about the presence or placement 
of these probes. A total of six attention probe items 
were included, and only those who responded correctly 
to all of them were included in the subsequent analyses.

The above questionnaires were administered in their 
Chinese versions following standard procedures. Scores 
from these questionnaires provide supplementary data 
for exploring the multidimensional disparities in internal 
visual representation between individuals with and 
without aphantasia.

Reliability and validity of the Chinese 
questionnaires
Given the lack of large-sample studies examining the 
reliability and validity of the Chinese versions of the 
aforementioned questionnaires, and the limited 
number of participants in the behavioural task, we col
lected an additional dataset from a larger sample of 
native Chinese speakers to better evaluate their psycho
metric properties. These participants were recruited 
using the same procedures as those described earlier 
for the control and aphantasia groups—that is, 
through online social platforms—and completed the 
questionnaires online. Only participants who correctly 
answered all attention probe items were included in 
the final sample. We collected a total of 321 question
naire responses. After data screening, a total of 278 
valid questionnaires were obtained (including the 22 
controls and 24 individuals with aphantasia mentioned 
earlier). The final sample consisted of 115 males and 
163 females (age: 23.09 ± 3.71, range: 18-50), most of 
whom were undergraduate or graduate students.

Based on this larger sample size, we assessed the 
reliability and structural validity of the questionnaires 
(see Table 1). Reliability was evaluated using Cronbach’s 
alpha coefficients, while structural validity was examined 
through the Kaiser-Meyer-Olkin (KMO) measure and Bar
tlett’s test of sphericity. The results indicated that all 
questionnaires demonstrated acceptable reliability and 

structural validity: Cronbach’s alpha coefficients were 
all above 0.75, KMO values exceeded 0.75, and Bartlett’s 
tests were statistically significant (p < 0.001, marked as 
*** in Table 1). In addition, exploratory factor analyses 
(EFA) revealed total variance explained ranging from 
46.62% to 80.16%, further supporting the structural val
idity of the instruments.

Behavioural tasks

All behavioural tasks in this study were coded in Psy
chopy (version 2021.2.3, https://www.psychopy.org/) 
and presented on the NaoDao online platform (https:// 
www.naodao.com/). During the online behavioural 
tasks, participants were required to be in a quiet 
environment, share their screens, and keep their micro
phones on throughout the session. The entire procedure 
was supervised by the experimenter via a virtual 
meeting platform (e.g., Zoom or Tencent Meeting). In 
addition, the experimenter was available throughout 
the session to address any questions or technical 
issues the participants might have encountered.

Each participant completed two tasks consecutively: 
the object colour decision task followed by the object 
colour retrieval task. Each participant completed all 
trials in both tasks. Each task could be considered as a 
two-way or three-way mixed design, with the participant 
group as a between-subject factor and the other factors 
as within-subject factors (e.g., learning stimulus type or 
retrieval stimulus type).

Object color decision task
In this task, we initially selected 72 common objects (e.g., 
elephant, banana, arm, coin) from the Multilingual Picture 
databank (Duñabeitia et al., 2018), with 36 objects pre
sented as picture input stimuli and the remaining 36 
objects presented as their written Chinese names (word 
stimuli). Both types of stimuli were evenly distributed 
across semantic categories: animals, vegetables/fruits, 
body parts, and other objects. Subsequently, 24 picture 
stimuli were modified to display atypical colour using 
Adobe Photoshop 2023 software. The remaining 12 
object pictures retained their original, typical colours from 
the Picture databank. For the word stimuli, 24 object 
names were selected for atypical colour processing, while 
the remaining 12 object names underwent typical colour 
processing based on the original and typical colours of 
objects in the Picture databank. All colour manipulations 
were performed using Adobe Photoshop 2023. There 
were 8 atypical colours, defined by their RGB values: (255, 
0, 0), (0, 255, 0), (0, 0, 255), (255, 255, 0), (0, 128, 128), (102, 
102, 51), (88, 50, 50), and (200, 200, 255). Each atypical 
colour was paired with objects for each type of stimulus. 

Table 1. Psychometric Properties of the Chinese Questionnaires.

Name

Validity Reliability
KMO (Bartlett’s 

p-value)
Total Variance 

Explained
Cronbach’s 

α

VVIQ 0.97 *** 80.16% 0.98
IRQ Total 0.92 *** 61.02% 0.92

manipulation 0.78 *** 60.87% 0.80
orthographic 0.79 *** 46.62% 0.76
Visual 0.95 *** 62.66% 0.90
Verbal 0.89 *** 52.19% 0.87

OSIVQ Total 0.92 *** 63.36% 0.82
object 0.96 *** 66.27% 0.94
spatial 0.84 *** 60.85% 0.76
verbal 0.83 *** 57.60% 0.77

SUIS 0.94 *** 58.64% 0.90

*** indicates p-value < 0.001
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Consequently, the 72 distinct object stimuli were further 
categorized into four types: 24 pictures with atypical 
colour (e.g., a yellow elephant), 24 words with atypical 
colour (e.g., a blue written “香蕉” meaning banana), 12 pic
tures with typical colour (e.g., a flesh-coloured arm, RGB: 
211, 161, 134), and 12 words with typical colour (e.g., a 
silver “硬币” meaning a Chinese coin, typically silver RGB: 
168, 166, 151) (examples in Figure 1). Additionally, to 
avoid colour ambiguity, we deliberately avoided using 
colours close to the object’s typical colour (e.g., yellow or 
green were not used as atypical colours for bananas). In 
total, 48 items with atypical colours constituted the “no” 
response trials, while the 24 items with typical colours con
stituted the “yes” response trials.

The stimuli were then combined into 2 word blocks and 
2 picture blocks, each containing 12 objects with atypical 
colours and 6 objects with typical colours. The presen
tation order of the stimuli within each block was random
ized for each participant. In addition to deciding whether 
the colour of the objects was their typical colour, partici
pants were also required to try to remember the colours 
of the stimuli with atypical colours. Prior to each stimulus 
presentation, a 500 ms fixation point was displayed, fol
lowed by the stimulus for 2500 ms, during which partici
pants were required to determine whether the object’s 
colour in the picture or word matched its typical colour 
in real life. Responses were recorded by pressing the “1” 
key for “yes” and the “0” key for “no” on the main area 
of the computer keyboard. Following stimulus presen
tation, there was a 1000 ms blank screen interval before 
proceeding to the fixation point for the next stimulus 
(see Figure 1). To exclude the effects of the presentation 
order between the word and picture stimuli, we employed 
an ABBA experimental sequence.

Therefore, the data collected from colour decision 
task followed a two-way mixed design: 2 participant 
groups (aphantasia, control) * 2 stimulus types (picture, 
word). The first factor included 24 participants in the 
aphantasia and 22 in the control groups. For the 
second factor, each stimulus type comprised 36 objects.

Object color retrieval task
After completing a colour decision task for one block 
(whether word or picture), participants immediately 
completed one block of the colour retrieval task based 
on word stimuli and one block of the colour retrieval 
task based on picture stimuli. In this task (i.e., the 
second task), the 48 objects with atypical colours in 
the above colour decision task (i.e., the first task) (com
prising 24 pictures and 24 words) were each expanded 
into four stimuli: one picture and one word with the 
same colour as in the first task and one picture and 
one word with another atypical colour derived from 

the eight options previously selected. Consequently, 
the 48 original objects were expanded into 196 items 
with atypical colours: 48 pictures and 48 words matching 
the colour in the first task and an additional 48 pictures 
and 48 words with colours different from those in the 
first task.

The 192 items were totally divided into 8 blocks: 4 
picture blocks and 4 word blocks. Each block contained 
24 objects, including 12 with the same colour as in the 
first task and 12 with colours different from those in 
the first task. For each trial, the experimental procedure 
in this task was identical to that of the first task, except 
that participants were required to judge whether the 
colours of the objects matched those presented in the 
first task (see Figure 1). Half of the stimuli (n = 96) elicited 
“yes” responses, and the other half (n = 96) elicited “no” 
responses.

This task also followed a two-way mixed design: 2 
participant groups (aphantasia, control) * 4 stimulus con
sistency types (picture-picture, picture-word, word- 
picture, word-word). The first factor included 24 partici
pants in the aphantasia group and 22 in the control 
group. The second factor indicated the type of stimulus 
used during both the learning and retrieval phases. 
Among the 192 total items, 48 involved pictures at 
both stages (picture-picture), 48 involved words at 
both stages (word-word), 48 used pictures during learn
ing and words during retrieval (picture-word), and 48 
used words during learning and pictures during retrieval 
(word-picture). Each condition included 24 “yes” and 24 
“no” response trials. The goal of this task was to investi
gate whether differences between stimulus types across 
the learning and retrieval stages affected memory retrie
val processes. To minimize the influence of participants’ 
prior life experiences, all stimuli in this task represented 
objects with atypical colours.

Given that the stimulus consistency type in the object 
colour retrieval task includes four levels (picture-picture, 
picture-word, word-picture, word-word), directly analyz
ing these four levels may obscure whether it is the type 
of the learning stimulus or the type of the retrieval 
stimulus that influences behavioural performance. 
Therefore, in the current analysis, we firstly reorganized 
these four conditions into two factors. For the learning 
stimulus type, we grouped conditions based on the 
stimulus presented during learning: the picture-picture 
and picture-word conditions were combined to form 
the picture learning condition, while the word-picture 
and word-word conditions were combined to form the 
word learning condition. A similar approach was 
applied to define the retrieval stimulus type, with con
ditions regrouped based on the type of stimulus pre
sented during retrieval.
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Post-experiment interview
Following the completion of the two behavioural tasks, 
brief post-experiment interviews were conducted with par
ticipants in the aphantasia group to explore the strategies 
they employed during the tasks. Some individuals with 
aphantasia reported that, although they were unable to 
generate internal visual representations of objects, they 
were still able to access or infer visual and colour properties 
through verbal or linguistic means—a process they 
described as akin to having a phonograph in the mind.

Data analysis

The scores of four questionnaires were computed and ana
lyzed using Python. Independent-samples t-tests were 
used to examine between-group differences, with false dis
covery rate (FDR) correction for multiple comparisons.

For the object colour decision task, a two-way mixed- 
design analysis was performed using linear mixed- 
effects (LME) models. The statistical analysis for the 
object colour retrieval task followed the same procedure 
as the decision task, investigating the interactions 
between learning or retrieval stimulus types and group. 
The LME models tested the fixed effects of subject 
group (aphantasia vs. control) and stimulus type (picture 
vs. word), with random effects including variation in inter
cepts across subjects. The model syntax is as follows:

accuracy (correctRT) ≏ group∗stimulus type+ (1|subject) 

To further investigate the Impact of long-term and short- 
term memory on object colour retrieval in aphantasia and 
control groups, the colour decision task was compared 
with the object colour retrieval task. A three-way mixed- 
design analysis based on LME models was also conducted. 
The model tested the fixed effect of participant group 
(aphantasia vs. control), task type (colour decision vs. 
object colour retrieval), and retrieval stimulus type 
(picture vs. word), with random effects including variation 
in intercepts across subjects. The model syntax is as 
follows:

accuracy (correct RT) ≏ group∗task type∗retrieval
stimulus type+ (1|subject) 

Finally, in the object colour retrieval task, a three-way 
mixed-design analysis based on linear mixed-effects 
(LME) models was conducted to examine the interaction 
among group (aphantasia vs. control), learning stimulus 
type (picture vs. word) and retrieval stimulus type 
(picture vs. word). The model syntax is as follows:

accuracy (correct RT)≏ group∗learning type∗retrieval type

+ (1|subject) 

All analyses related to the LME models were performed in 
MATLAB R2022a. A FDR correction was applied for mul
tiple comparisons. Additionally, Bayesian ANOVAs and t- 
tests (Keysers et al., 2020; Vincent, 2015) were conducted 
in JASP software (version 0.18.3.0, https://jasp-stats.org/) 
to complement the frequentist analyses.

Results

Demographics and questionnaire scores

Figure 2 illustrates the differences between the two par
ticipant groups on the 4 questionnaire measures. 
Besides scoring significantly lower on the VVIQ com
pared to the control group, we also found that the 
aphantasia group had lower on object OSIVQ (t44 =  
−14.24, FDR-corrected q < 0.001, Cohen’s d = −4.20, 
BF10 > 1000), SUIS (t44 = −10.16, FDR-corrected q < 
0.001, Cohen’s d = −3.00, BF10 > 1000), visual IRQ (t44 =  
−15.12, FDR-corrected q < 0.001, Cohen’s d = −4.46, 
BF10 > 1000), orthographic IRQ (t44 = −5.39, FDR-cor
rected q < 0.001, Cohen’s d = −1.59, BF10 > 1000) and 
manipulation IRQ (t44 = −5.01, FDR-corrected q < 0.001, 
Cohen’s d = −1.48, BF10 > 1000) scores than control 
group. These findings further confirm that aphantasia 
had a difficulty in visual imagery. In contrast, the two 
groups had comparable scores on the verbal OSIVQ 
(t44 = 1.49, FDR-corrected q = 0.17, Cohen’s d = 0.44, 
BF10 = 0.72), spatial OSIVQ (t44 = −1.31, FDR-corrected q  
= 0.20, Cohen’s d = −0.39, BF10 = 0.59) and verbal IRQ 
(t37.11 = −1.49, FDR-corrected q = 0.17, Cohen’s d =  
−0.44, BF10 = 0.72).

These results indicate that individuals with aphanta
sia in this study exhibited normal internal verbal rep
resentation ability at the group level. This finding 
aligns with participants’ self-reports during post-task 
interviews.

Performance in the object color decision task

Figure 3 presents the results of the LME models for mean 
accuracy and correct RT.

For accuracy, neither main effects was significant 
(Group: F(1, 44) = 1.35, p = 0.25, ηp

2 = 0.03, BFincl = 0.44; 
Stimulus Type: F(1, 44) = 1.67, p = 0.20, ηp

2 = 0.04, BFincl =  
0.33). Their interaction was also non-significant (F(1, 44) =  
0.46, p = 0.50, ηp

2 = 0.01, BFincl = 0.16). No significant differ
ences were found between groups under either stimulus 
condition (Picture: t44 = −0.66, FDR-corrected q = 0.69, 
Cohen’s d = −0.19, BF10 = 0.35; Word: t44 = −1.30, FDR-cor
rected q = 0.40, Cohen’s d = −0.382, BF10 = 0.58). Similarly, 
neither group showed significant differences between 
picture and word conditions (Aphantasia: t23 = 1.40, 
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FDR-corrected q = 0.35, Cohen’s d = 0.29, BF10 = 0.51; 
Control: t21 = 0.43, FDR-corrected q = 0.79, Cohen’s d =  
0.09, BF10 = 0.24).

For correct RT, the main effect of group was not sig
nificant (F(1, 44) = 1.03, p = 0.32, ηp

2 = 0.23, BFincl = 1.06), 
whereas the main effect of stimulus type was significant 
(F(1, 44) = 6.70, p = 0.01, ηp

2 = 0.13, BFincl = 4.03). A signifi
cant interaction between them was also observed (F(1, 

44) = 4.96, p = 0.03, ηp
2 = 0.10). However, Bayesian 

ANOVA provided only anecdotal evidence for this inter
action (BFincl = 2.52). No significant between-group 
differences were found for either stimulus type 
(Picture: t44 = 0.14, FDR-corrected q = 0.89, Cohen’s d =  
0.04, BF10 = 0.30; Word: t44 = 1.72, FDR-corrected q =  
0.37, Cohen’s d = 0.51, BF10 = 0.96). However, a simple 
effects analysis revealed that the aphantasia group 
responded significantly slower to word stimuli than to 
pictures (t23 = −3.30, FDR-corrected q = 0.01, Cohen’s d  
= −0.67, BF10 = 13.11). whereas no such difference was 
found in the control group (t21 = −0.27, FDR-corrected 
q = 0.79, Cohen’s d = −0.06, BF10 = 0.23).

In summary, these findings suggest that the 
visual imagery deficit in individuals with aphantasia 
selectively impairs the efficiency of retrieving 
object colour knowledge from word-based stimuli, 
while leaving the accessibility of that knowledge 
intact.

Performance in the object color retrieval task

The impact of learning stimulus type on object 
color retrieval
Similar LME models, along with t-tests, were conducted 
to investigate the main effects and interaction between 
learning stimulus type and participant group on accu
racy and correct RT (see Figure 4).

For accuracy, the main effect of participant group was 
not significant (F(1, 44) = 0.04, p = 0.85, ηp

2 < 0.01, BFincl =  
0.40), whereas the main effect of learning stimulus type 
was significant (F(1, 44) = 46.58, p < 0.001, ηp

2 = 0.12, BFincl 

> 1000). The interaction between them was not signifi
cant (F(1, 44) = 0.04, p = 0.84, ηp

2 < 0.01, BFincl = 0.38). No 
significant group differences were found under either 
the picture or word learning condition (Picture: t44 =  
0.21, FDR-corrected q = 0.92, Cohen’s d = 0.06, BF10 =  
0.30; Word: t44 = −0.25, FDR-corrected q = 0.92, Cohen’s 
d = −0.08, BF10 = 0.30). Paired-sample t tests revealed 
that both aphantasia and control groups performed sig
nificantly more accurately in the picture learning con
dition than in the word condition (Aphantasia: t23 =  
5.43, FDR-corrected q < 0.001, Cohen’s d = 1.11, BF10 =  
1416.99; Control: t21 = 4.30, FDR-corrected q < 0.001, 
Cohen’s d = 0.92, BF10 = 97.81).

For correct RT, while the main effect of participant 
group was again not significant (F(1, 44) = 0.43, p = 0.52, 
ηp

2 = 0.01, BFincl = 0.95), while the main effect of stimulus 
type was significant (F(1, 44) = 62.69, p < 0.001, ηp

2 = 0.59, 
BFincl > 1000). The interaction between them was mar
ginally significant (F(1, 44) = 3.79, p = 0.06, ηp

2 = 0.08). 
with Bayesian analysis providing anecdotal support for 
the interaction effect (BFincl = 1.99). No significant 
between-group differences were observed under either 
learning condition (Picture: t44 = 1.12, FDR-corrected 
q = 0.92, Cohen’s d = 0.33, BF10 = 0.49; Word: t44 =  
−0.11, FDR-corrected q = 0.92, Cohen’s d = −0.03, BF10 =  
0.29). Paired-sample t-tests indicated that both groups 
responded significantly faster in the picture learning 
condition than in the word condition (Aphantasia: 
t23 = −3.92, FDR-corrected q < 0.001, Cohen’s d = −0.80, 
BF10 = 48.69; Control: t21 = −7.80, FDR-corrected q < 
0.001, Cohen’s d = −1.66, BF10 > 1000).

In summary, these results suggest that the absence of 
visual imagery in individuals with aphantasia does not 
alter sensitivity to the type of learning stimulus, as 
both groups benefited similarly from picture-based 
learning in terms of accuracy and speed.

The impact of retrieval stimulus type on object 
color retrieval
Similar LME models, along with t-tests, were conducted 
to investigate the main effects and interaction between 
retrieval stimulus type and participant group on accu
racy and correct RT (see Figure 5).

For accuracy, neither the main effect of participant 
group (F(1, 44) = 0.04, p = 0.85, ηp

2 < 0.01, BFincl = 0.40) 
nor the main effect of stimulus type (F(1, 44) = 1.43, p =  
0.24, ηp

2 = 0.03, BFincl = 0.37) reached significance. Their 
interaction was also not significant (F(1, 44) = 1.86, p =  
0.18, ηp

2 = 0.04, BFincl = 0.25). Given the absence of signifi
cant effects, no additional t-tests on accuracy were 
reported.

For correct RT, the main effect of participant group 
remained non-significant (F(1, 44) = 0.52, p = 0.47, ηp

2 =  
0.01, BFincl = 0.58), while a significant main effect of 
stimulus type was observed (F(1, 44) = 33.49, p < 0.001, 
ηp

2 = 0.43, BFincl > 1000). The interaction between them 
was not significant (F(1, 44) = 0.34, p = 0.56, ηp

2 < 0.01, 
BFincl = 0.54). No significant group differences were 
found under either the picture or word condition 
(Picture: t44 = 0.59, FDR-corrected q = 0.76, Cohen’s d =  
0.17, BF10 = 0.34; Word: t44 = 0.80, FDR-corrected q =  
0.76, Cohen’s d = 0.24, BF10 = 0.38). However, paired- 
sample t-tests revealed that both the aphantasia and 
control groups responded significantly faster when 
retrieving colour knowledge from pictures compared 
to words (Aphantasia: t23 = −4.36, FDR-corrected q < 

8 Z. CUI ET AL.



0.001, Cohen’s d = −0.89, BF10 = 128.51; Control: t21 =  
−3.86, FDR-corrected q < 0.001, Cohen’s d = −0.82, 
BF10 = 38.71).

In summary, both the aphantasia and control groups 
showed a robust performance advantage when retriev
ing object colour information from picture-based 
stimuli, reflected in significantly faster correct RT.

The impact of long-term and short-term memory 
on object color retrieval in aphantasia and control 
groups
In the object colour decision task, participants retrieved 
object colour knowledge based on their long-term real- 
world experience, whereas in the object colour retrieval 
task, the colour knowledge was drawn from short-term 
memory. The results of the LME model analyses compar
ing the two tasks are as follows:

For accuracy, only the main effect of task type was 
significant (F(1, 44) = 176.36, p < 0.001, ηp

2 = 0.80, BFincl > 
1000), while no significant interactions were found 
between task type and stimulus type or participant 
group (F(1, 44) < 0.2, p = 0.664∼0.989, ηp

2 < 0.01, BFincl =  
0.06∼0.23). Post hoc comparisons further revealed that 
both the aphantasia and control groups performed sig
nificantly better in the object colour decision task than 
in the object colour retrieval task (Aphantasia: t47 =  
14.04, FDR-corrected q < 0.001, Cohen’s d = 2.03, BF10 > 
1000; Control: t43 = 10.92, FDR-corrected q < 0.001, 
Cohen’s d = 1.65, BF10 > 1000).

For correct RT, again only the main effect of task type 
reached significance (F(1, 44) = 22.10, p < 0.001, ηp

2 = 0.33, 
BFincl = 558.53). However, no significant interactions 
were found between task type and either stimulus 
type or group (F(1, 44) = 0.10∼2.67, p = 0.11∼0.76, ηp

2 =  
0.002∼0.06, BFincl = 0.40∼0.74). Post hoc comparisons 
showed that both the aphantasia and control groups 
responded significantly faster in the object colour 
decision task than in the object colour retrieval task 
(Aphantasia: t47 = −4.65, FDR-corrected q < 0.001, 
Cohen’s d = −0.67, BF10 = 770.43; Control: t43 = −4.02, 

FDR-corrected q < 0.001, Cohen’s d = −0.61, BF10 =  
110.68).

In summary, the findings support that tasks relying on 
long-term memory (object colour decision) yield better 
performance—characterized by shorter correct RT and 
higher accuracy—than those relying on short-term 
memory (object colour retrieval). However, no inter
action was observed between the reliance on memory 
type (long-term vs. short-term) and the absence of 
visual imagery.

Impact of stimulus modality consistency between 
learning and retrieval on object color retrieval
In the colour retrieval task, the results of the LME model 
analysis investigating the interaction among group 
(aphantasia vs. control), learning stimulus type 
(picture- vs. Word-), and retrieval stimulus type 
(-picture vs. -word) are as follows:

For accuracy, the results revealed a significant main 
effect of learning stimulus type (F(1, 44) = 65.68, p < 
0.001, ηp

2 = 0.60, BFincl > 1000) and a significant inter
action between learning and retrieval stimulus types 
(F(1, 44) = 25.43, p < 0.001, ηp

2 = 0.37, BFincl > 1000). Inter
estingly, although the frequentist ANOVA yielded a non- 
significant result for the main effect of retrieval stimulus 
type (F(1, 44) = 1.08, p = 0.28, ηp

2 = 0.02), the Bayesian 
analysis provided strong evidence in favour of including 
this effect (BFincl > 1000). No other significant main effect 
of group was found (F(1, 44) = 0.51, p = 0.48, ηp

2 = 0.01, 
BFincl = 0.29), nor were any significant interactions invol
ving group observed (F(1, 44) = 0.13∼1.47, p = 0.26∼0.71, 
ηp

2 = 0.002∼0.03, BFincl = 0.27∼0.37) were observed.
For correct RT, there were significant main effects of 

both learning stimulus type and retrieval stimulus type 
(F(1, 44) = 21.13∼64.02, p < 0.001, ηp

2 = 0.32∼0.59, BFincl > 
1000), as well as a significant interaction between 
them (F(1, 44) = 240.46, p < 0.001, ηp

2 = 0.85, BFincl > 
1000). There was a significant three-way interaction 
among group, learning stimulus type, and retrieval 
stimulus type (F(1, 44) = 4.39, p = 0.04, ηp

2 = 0.09, BFincl =  

Figure 3. Behavioural performance of participants in the colour decision task under two retrieval stimulus types. ** BF10: 10-30. [To 
view this figure in colour, please see the online version of this journal.]
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4.05). In addition, there was a weak interaction between 
group and learning stimulus type (F(1, 44) = 3.38, p = 0.07, 
ηp

2 = 0.01∼0.07, BFincl = 1.35). No significant main effect 
of group (F(1, 44) = 0.66, p = 0.42, ηp

2 = 0.01, BFincl = 0.76) 
or interaction between group and retrieval stimulus 
type was observed (F(1, 44) = 0.82, p = 0.37, ηp

2 = 0.02, 
BFincl = 0.89).

In summary, although no significant group-level 
effects were observed, the consistency of the effect pat
terns of learning and retrieval stimulus types within each 
group further investigation.

Impact of stimulus modality consistency between 
learning and retrieval on object color retrieval 
within groups
Given the absence of significant group-related effects on 
both accuracy and correct RT, we only examined the 
interaction between stimulus type and retrieval type 
separately within the aphantasia and control groups. 
Considering the complexity of the simple effects and 
post hoc analyses, we selectively report only the parts 
where distinct patterns emerged between the aphanta
sia and control groups (see Figure 6).

For accuracy, LME models revealed a significant main 
effect of learning stimulus type (F(1, 44) = 29.35∼31.90, p 
< 0.001, ηp

2 = 0.56∼0.60, BFincl > 1000) and a significant 

interaction between learning and retrieval stimulus 
types in both groups (F(1, 44) = 8.34∼20.19, p < 0.001, 
ηp

2 = 0.28∼0.47, BFincl > 1000). Although the frequentist 
ANOVA did not detect a significant main effect of retrie
val stimulus type (F(1, 44) = 0.28∼0.88, p = 0.61∼0.36, ηp

2 =  
0.01∼0.04), Bayesian analysis provided strong evidence 
for a pronounced main effect of retrieval stimulus type 
in the control group (BFincl = 657.38) but not in the 
aphantasia group (BFincl = 2.27). The following analysis 
revealed that in the control group, when the retrieval 
stimuli were words, participants showed significantly 
higher accuracy when the learning stimuli were pictures 
compared to words (t21 = 2.78, FDR-corrected q = 0.01, 
Cohen’s d = 0.59, BF10 = 4.52). However, this advantage 
for picture-based learning under word retrieval 
conditions was not observed in the aphantasia group 
(t23 = 0.70, FDR-corrected q = 0.51, Cohen’s d = 0.14, 
BF10 = 0.27).

For correct RT, significant main effects of both learn
ing and retrieval stimulus types, as well as their inter
action, were observed in both the aphantasia and 
control groups (F(1, 44) = 7.36∼156.69, p < 0.05, ηp

2 =  
0.26∼0.87, BFincl > 1000). Further analysis showed that 
in the control group, when the retrieval stimuli were 
words, correct RT was marginally longer following 
picture-based learning compared to word-based 

Figure 4. Behavioural performance of participants in the colour retrieval task under two learning stimulus conditions. *** BF10: >30. 
[To view this figure in colour, please see the online version of this journal.]

Figure 5. Behavioural performance of participants in the colour retrieval task under two retrieval stimulus conditions. *** BF10: >30. 
[To view this figure in colour, please see the online version of this journal.]
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learning according to the frequentist analysis (t21 = 2.22, 
FDR-corrected q = 0.04, Cohen’s d = 0.47). However, the 
Bayesian analysis did not provide substantial support 
for this difference (BF10 = 1.70). In contrast, in the aphan
tasia group, when the retrieval stimuli were words, 
correct RT was significantly longer following picture- 
based learning compared to word-based learning (t23  

= 5.08, FDR-corrected q < 0.001, Cohen’s d = 1.04, BF10  

= 636.88).
Moreover, under the word retrieval condition, an 

ANOVA with group and learning stimulus type as fixed 
factors revealed a significant interaction between 
group and learning stimulus type in correct RT (F(1, 44) =  
9.08, p < 0.01, ηp

2 = 0.17, BFincl = 14.01) but not in accuracy 
(F(1, 44) = 2.75, p = 0.11, ηp

2 = 0.01, BFincl = 0.79).
In summary, the results of this section support the 

notion that visual imagery ability not only enhances 
the accuracy of object colour retrieval in controls, but 
also suggest that it improves the efficiency of object 
colour retrieval even under word-based retrieval 
conditions.

Other impact indicators

To further investigate potential differences in sensitivity 
and response criterion between the aphantasia and 
control groups, we applied signal detection theory 
(SDT) measures to assess interactions between group 
and various task-related factors across the two tasks. In 
SDT, d’ (sensitivity) and β (response criterion) are com
monly used indices. These measures were calculated as 
follows:

(1) d’: For each participant, the accuracy in “yes” trials 
was treated as the hit rate (Phit), and accuracy in “no” 
trials was used to estimate the correct rejection rate 
(Pcorrect rejection). The false alarm rate (Pfalse alarm) was cal
culated as (1 – Pcorrect rejection). Both Phit and Pfalse alarm 

were converted into z-scores (Zhit and Zfalse alarm), and 
d’ was calculated as Zhit - Zfalse alarm.

(2) β (response criterion): The response criterion β, 
which reflects the participant’s decision bias, was calcu
lated using a simplified formula from standard SDT:

log(b) = Z2
falsealarm − Z2

hit 

For the object colour decision task, the analysis revealed 
no significant main effects of group or stimulus type, nor 
a significant interaction between them, for either sensi
tivity (F(1, 44) < 1.062, p > 0.31, ηp

2 < 0.02, BFincl < 0.34) or 
response criterion (F(1, 44) < 0.91, p > 0.34, ηp

2 < 0.02, BFincl 

< 0.24).
In the object colour retrieval task, based on pre

viously reported significant findings, we conducted 
two follow-up analyses: first, we examined the inter
action between aphantasia and task type (colour 
retrieval vs. colour decision) under different retrieval 
conditions; second, we tested the interaction 
between group and learning material type when the 
retrieval cue was a word. However, ANOVA results 
based on LME models showed that all interactions 
were not significant (d’: F(1, 44) < 3.345, p > 0.74, ηp

2 < 
0.02, BFincl < 0.29; log(β): F(1, 44) < 0.57, p > 0.46, ηp

2 < 
0.01, BFincl < 0.05).

These findings suggest that the differences in per
formance patterns between the aphantasia and control 
groups in object colour decision or retrieval tasks can 
not be attributable to differences in perceptual sensi
tivity or response criterion.

Discussion

This study employed both word and picture stimuli to 
investigate how deficits in visual or imagery represen
tation affect object colour retrieval under cross-modal 
conditions. To begin with, we administered a battery 
of questionnaires to comprehensively assess the cogni
tive abilities of individuals with congenital aphantasia. 
The results revealed that, compared to controls, the 
aphantasia group not only exhibited a reduced capacity 

Figure 6. Behavioural performance of participants in the colour retrieval task under different learning and retrieval stimulus con
ditions. * BF10: 3-10, ** BF10: 10-30, *** BF10: >30. [To view this figure in colour, please see the online version of this journal.]
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for visual imagery of objects but also showed poorer 
performance in visual orthographic representation and 
mental manipulation. Moreover, individuals with aphan
tasia reported rarely using visual representation strat
egies spontaneously in their daily lives. Importantly, no 
significant differences were observed between the 
aphantasia and control groups in terms of spatial or 
verbal representational abilities (Figure 2).

While prior studies involving tasks such as mental 
rotation have provided evidence for reduced mental 
manipulation abilities in individuals with aphantasia, 
the potential decline in orthographic processing within 
this population has yet to be systematically examined. 
This raises an intriguing question for future research: 
although individuals with aphantasia report being 
unable to generate vivid mental images, some of them 
describe being able to form simple lines in their minds 
—could these lines potentially be further organized 
into meaningful letters or even sequences of words? 
This possibility remains an open and worthwhile 
avenue for future investigation.

The results of the object colour decision task showed 
that individuals with aphantasia exhibited significantly 
longer correct RT when retrieving object colour proper
ties from long-term semantic memory based on word 
stimuli, compared to picture-based stimuli. Furthermore, 
in the object colour retrieval task assessing short-term 
memory, both the aphantasia and control groups exhib
ited significantly longer RT when retrieving colour prop
erties under word-based retrieval conditions compared 
to picture-based conditions. Under word-based retrieval 
conditions, a further investigation into the interaction 
between stimulus type and learning stimulus type 
revealed that, in the control group, learning with pic
tures resulted in comparable retrieval speed to word 
learning, but led to higher accuracy. However, in the 
aphantasia group, this advantage of picture-based learn
ing was not significant, and these individuals even 
exhibited slower retrieval speeds for picture-based 
materials. Given the unique nature of colour as a prop
erty (Bi, 2021; Striem-Amit et al., 2018; Wang et al., 
2020), individuals with aphantasia seem unlikely to 
employ strategies beyond verbal representation to 
support this retrieval. Follow-up interviews with partici
pants in the aphantasia group further supported this 
view, suggesting that some individuals may have 
relied primarily on verbal representational strategies to 
complete the behavioural tasks. According to embodied 
cognition theories, understanding or retrieving an 
object’s visual properties such as colour typically 
involves the reactivation of brain regions associated 
with visual functions, along with the subjective experi
ence of visual mental imagery (Marre et al., 2021; 

Meteyard et al., 2012; Muraki et al., 2023). However, 
these theories are largely grounded in findings from 
individuals who are capable of generating such 
imagery. In contrast, individuals with aphantasia report 
little to no subjective experience of visual mental 
imagery (Zeman et al., 2015, 2020; Takahashi et al., 
2023; Speed et al., 2024). Our findings indicate that 
while individuals with aphantasia do not exhibit impair
ments in accessing object colour knowledge, their retrie
val is characterized by significantly slower speed. This 
raises important questions about the validity of strong 
embodied cognition theories in explaining conceptual 
processing in aphantasia. Specifically, it remains 
unclear whether the reactivation of visual brain regions 
is essential for successful retrieval of visual properties, 
or whether it merely plays a facilitative role. Future neu
roimaging studies in individuals with aphantasia may 
offer novel insights into this issue.

In the object colour retrieval task, we did not find a 
significant effect of learning stimulus on either the accu
racy or the correct RT in the aphantasia or control group. 
One possible explanation is that this effect may have 
been influenced by the retrieval stimulus. Specifically, 
the picture-picture condition yielded the best behav
ioural performance in both groups, while the word- 
picture condition resulted in the poorest performance. 
The picture-word condition produced performance 
comparable to the word-word condition in the aphanta
sia group and even better performance than the word- 
word condition in the control group. This pattern may 
have amplified the overall advantage of picture-based 
learning stimuli over word-based learning stimuli 
across both groups, thereby masking any potential inter
action effect between learning stimulus and group. A 
possible explanation for this picture learning advantage 
effect is as follows: when pictures served as the learning 
stimuli, participants were required to recognize and 
name objects—a largely automatic process that placed 
relatively low demands on cognitive resources. In this 
case, participants mainly needed to associate the visual 
features of the object picture with its corresponding 
name (Curran & Doyle, 2011; McBride & Anne Dosher, 
2002; Suzuki & Takahashi, 1997). In contrast, when 
words were used as the learning stimuli, participants 
may have spontaneously attempted to generate mental 
images in preparation for the subsequent colour retrieval 
task. This often involved imagining an object’s image with 
an atypical colour, a process likely to place a higher cog
nitive load than imagining a typically coloured object. 
Although individuals with aphantasia are unable to gen
erate such mental imagery, studies on pupillary responses 
suggest that merely attempting to form visual imagery 
still consumes cognitive resources in these individuals. 
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This increased cognitive load during the learning phase 
may have negatively affected participants’ ability to 
store and learn word-based stimuli effectively, thus result
ing in poorer learning performance for word stimuli 
across both groups.

The current analysis did not reveal any significant main 
effects or interactions of retrieval stimulus or group on 
accuracy in the object colour retrieval task, consistent 
with the findings from the colour decision task. However, 
for correct RT, both the aphantasia and control groups 
demonstrated a picture-based advantage. The object 
colour retrieval task primarily assessed the relationship 
between retrieval stimulus type and short-term memory, 
whereas the object colour decision task targeted long- 
term or semantic memory. In the latter, a picture retrieval 
advantage was observed only in the aphantasia group— 
an effect that appeared to stem more from a tendency 
toward slower RT for word stimuli, rather than faster 
responses to picture stimuli. This pattern of results 
reflects, on one hand, differences in the retrieval of 
object colour properties from conceptual representations 
depending on whether short-term or long-term memory is 
involved. On the other hand, it also suggests that the facil
itative role of visual imagery in retrieving object colour 
information may depend on repeated use and practice 
of such a strategy. In other words, even individuals with 
visual imagery may not retain a vivid mental image of an 
object after a single exposure—despite the potential of 
visual imagery to support rapid recall. Only through 
repeated memory encoding does the advantage of 
visual imagery in facilitating object colour retrieval 
become evident. At the same time, the absence of visual 
imagery did not impair participants’accuracy in retrieving 
object colour information. In other words, the lack of 
visual imagery may affect the efficiency—but not the accu
racy—of object colour property retrieval.

When learning stimulus type, retrieval stimulus type, 
and group were all included in the statistical model, 
the results revealed a significant interaction: in the con
dition where the retrieval stimulus was a word, the 
control group—who possessed visual imagery— 
showed a clear advantage when the learning stimulus 
was a picture (Arterberry et al., 2001; Cherry et al., 
2003; Keitz, 1976). Specifically, compared to word- 
based learning, picture-based learning led to higher 
accuracy within the control group. This pattern aligns 
with the DCT, which proposes that individuals with 
intact visual imagery can simultaneously engage both 
verbal and imagery strategies during task performance. 
Such dual engagement could account for the observed 
differences in performance patterns between the 
control and aphantasia groups (Linde & Paivio, 1979; 
Clark & Paivio, 1987, 1991; Monzel et al., 2022, 2024). 

Moreover, our findings further support the applicability 
of DCT in cross-modal object colour property retrieval.

These findings highlight a fundamental difference in 
how object colour properties are processed between indi
viduals with and without visual imagery. They also call 
into question existing theories of object colour processing 
developed based solely on data from neurotypical popu
lations. More broadly, the absence of visual imagery may 
influence how humans process semantic concepts. 
Beyond visual aphantasia, future research into other forms 
of multisensory aphantasia could help clarify how imagery 
in different sensory modalities contributes to semantic pro
cessing (Dance et al., 2021; Dawes et al., 2024; Palermo et al., 
2022; Takahashi et al., 2023; Zeman et al., 2016).

While the present study offers preliminary evidence for 
the role of visual imagery in retrieving object colour infor
mation under cross-modal conditions, it is limited by a rela
tively small sample size and focuses solely on individuals 
with visual aphantasia. Future research could design exper
iments targeting different subtypes of aphantasia (Keogh & 
Pearson, 2024; Palermo et al., 2022; Takahashi et al., 2023; 
Zeman et al., 2016). Moreover, traditional psychological the
ories—developed for individuals with intact imagery—may 
not fully capture the cognitive behaviours of individuals 
with congenital aphantasia. Regardless, studying aphanta
sia provides a unique opportunity to refine and expand 
these theories. In the future, combining larger sample 
sizes with neuroimaging techniques such as electroence
phalography (EEG) and magnetic resonance imaging 
(MRI) will provide more objective and compelling evidence 
regarding the role of visual imagery in cognition.

Conclusions

In conclusion, our findings indicate that while the absence 
of visual imagery as a cognitive strategy does not impair the 
accuracy of object colour properties retrieval, it can reduce 
the efficiency of this process. Furthermore, this study pro
vides further support for DCT and demonstrates that 
visual representations can facilitate cross-modal retrieval 
of object colour properties under word retrieval conditions.
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