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The integration of imagination with perception of reality is associated with numerous neurocognitive and biological adaptive functions.
Given the overlap between neural processes and regions governing internally versus externally generated imagery, the interaction
between these processual components of high-level vision has been studied for over a century, without yielding a satisfactory
account. Opposite to traditional theories like the Perky effect or sensory boost, we hypothesized that voluntary conscious mental
imagery of an object enhances the processing of unconscious incoming visual spatial information. Hence, aspects of internal imagery
such as vividness or motion should drive such an interaction. We probed how subliminal spatial information might be influenced
under imagery conditions. Using behavioural data, we show that imagery improves the unconscious concurrent perception of visual
spatial information. This priming effect seems driven by the gradient of imagery vividness: both explicitly required by task demands
and implicitly generated. We found that imagery can direct visual perception when the visual system is strongly biased towards
predicting that an object is present. Because the observed results vary systematically with self-reported vividness, rather than being

epiphenomenal, the subjective experience of vividness is a deterministic condition for imagery priming.

visual mental imagery; visuo-spatial perception; awareness; subliminal processing; vividness; visual acuity; Default Mode
Netwrok (DMN); visual processing streams; externalization (out-of-body)

Throughout each day, humans process their surroundings and
interactions in both conscious and unconscious streams (Bargh
and Morsella 2008; Su et al. 2016). Driven by senses, one primary
contributor of information to these processes is the near-constant
stream of visual information (van Gaal and Lamme 2012). Visual
information is processed in a series of brain regions beginning
with geniculostriate and tectopulvinar pathways and on to the
visual cortex and occipital lobe (Westwood 2009). Visual infor-
mation entails more than the light coming in, and indeed our
imaginations allow us to represent our own version or simula-
tion of vision in the form of imagination and imagery (Currie
1995). The origins of such imaginations have been the subject
of continued centuries old debate in philosophy and science,
which ultimately led to the contemporary synthesis that a widely
distributed network of visual areas in the occipital, parietal, and
temporal cortex contribute to modality-specific and multimodal
imagery (Farah 1989). While many evolutionary and philosophical
questions persist surrounding the purpose and essence of internal
imagery or imagination, other researchers began asking questions
about its ‘realness’. Specifically, how real are these images? And

how might they compare to the ones experienced through percep-
tion, as opposed to those generated from within (see review and
discussion in D’Angiulli and Roy 2024).

One of the earliest descriptions of the essential evaluation of
internal and external imagery which gained substantial fame was
the Perky effect (Perky 1910; Segal and Gordon 1969; Segal and
Fusella 1970). In essence, it was observed that real objects could be
perceived as being imagined, and taken further, that this imagery
interferes with real perception (Segal and Fusella 1970). The clas-
sical interpretation of this effect follows that during imagining of
visual imagery, co-activation of brain regions governing the pro-
cessing of both ‘real’ and ‘imagined’ visual information become
somewhat indistinguishable, obscuring conscious understanding
of the ‘real’ external information being presented (Craver-Lemley
and Reeves 1992; Craver-Lemley et al. 2010; Reeves et al. 2020;
Dijkstra & Fleming, 2023).

Visual imagery is associated with activation of the ventral tem-
poral, lateral occipitotemporal, and posterior frontal cortices (Ful-
ford et al. 2018; Alho et al. 2023), and during simultaneous visual
and imagery conditions these representations are shown to be dis-
rupted, indicating that the encoding of visual objects, regardless
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of their external or internal origin, share neural space (Alho et al.
2023). Thus, the theory of interference ruled out numerous alter-
native explanations or contributors to the effect, and garnering a
substantial body of behavioural evidence (Reeves and Segal 1973;
Craver-Lemley and Reeves 1987, 1992; Craver-Lemley et al. 1997).

The coalescing characteristics of the imagery and the real
object pose an unaddressed problem however: the instances in
which imagery interferes with real object perception may be only
true in a circumscribed set of conditions. There is abundant
evidence of many conditions in which the opposite is true, i.e.
concurrent visual mental imagery facilitates, or primes percep-
tion as opposed to preventing or obscuring its processing (a topic
reviewed extensively elsewhere, Pearson 2019).

Imagery is also not simply just a mental project of an image
with finite quality and characteristics. Most individuals can
manipulate and control their imagination, selecting mental
imagery which varies in brightness, clarity, intensity, valence, and
movement (Marks 1973b; D’Angiulli et al. 2013; Syed et al. 2020).
Indeed vividness has a substantial contribution to the recall and
overall representation of mental object, not only highlighting
its commonplace role in the generation of imagery, but also
suggesting its influence over competing perceptual processes in
Perky-type situations (Marks 1973b; D’Angiulli and Reeves 2007;
D’Angiulli et al. 2013). If vividness contributes to better recall
and instigates imagery’s long-term accessibility, we argue that
its contribution to the generation of imagery and its subsequent
effect on visual perception also require objective quantification.

Our hypothesis, which opposes traditional conjecture sur-
rounding the effect of imagery on visual perception, follows
that in cross-genre settings (i.e. where visual imagery is not
acquainted with the presented visual stimulus) and further in
instances where visual stimuli are below conscious perception,
vivid imagery would instead trigger the activation of the what-
to-where/how visual streams of complementary processing
(Grossberg 2021), thereby priming relevant brain regions which
support the automatic search for an object in space (Freeman
1983), thereby resulting in enhanced visuo-spatial ability. If
true, we would also expect that this level of priming would be
contingent on both the vividness of the imagery (as a function
of intrinsic DMN-visual area engagement), and the individual-
level ability to generate imagery. Specifically, high imaginers
with greater trial-level vividness scores would show evidence
of priming, while low imaginers with respectively lower trial-
level vividness may not. Here, we refer to trial-based vividness
as a specific processing individual ability linked to learning
and episodic memory and associated with expertise in the
context of a particular retrieval demand (Kosslyn et al. 1984;
Runge et al. 2015), in contrast to general trait-imagery ability
linked with declarative memory as measured by the Vividness of
Visual Imagery Questionnaire (VVIQ) (Marks 1973b; Runge et al.
2015). This distinction is important as it implies that trial-by-
trial vividness can fluctuate significantly depending on context
(Reeder 2017) and independently from the VVIQ (Pearson et al.
2011; Dijkstra et al. 2017; Marks 2019).

In the current study, we carried out a generalization of Perky’s
original study, in which participants generate visual imagery
under a pre-existing set of contexts. Our goal was to understand
how imagery and its characteristics such as vividness and motion
can alter perception of real visual stimuli. We measured the
ability of individuals to detect subliminal visual stimuli under
imagery and non-imagery conditions, while accounting for their
own reported ability to generate vivid imagery. In doing so, we
hoped to uncover how imagery, and its associated quality of

vividness, might bias the perception of real visual information
delivered below a perceptual threshold. Specifically, following our
hypothesis, we predicted that trial-based vivid imagery would
prime subliminal visual acuity.

Participants

Sixty first-year undergraduate psychology students aged 18 to
25 years (M=22, SD=1.75) were recruited to participate from
Carleton University. The inclusion criteria required that the par-
ticipants had never completed a mental imagery experiment
previously and had signed a written informed consent form.
The Institutional Behavioural Research Ethics Board of Carleton
University approved this study (protocol #11156927), which was
conducted in accordance with the Declaration of Helsinki and
Canada'’s Tri-Council Policy Statement.

All participants were part of a prospective cohort study
with several follow up imagery conditions, this was the first
imagery experiment the participants completed; data on the
other conditions are included in other successive cohort-study
reports (see D’Angiulli, Laarakker & Buchanan 2024). Fifty-three
per cent of participants identified as male and 47% identified as
female.

Screening and exclusion

In the preliminary phase of the study, the participants underwent
personality and imagery screening using the VVIQ (Marks 1973a)
and the Big Five Inventory (John et al. 1991). VVIQ was used as a
screening measure to ensure participants were capable of mental
imagery.

Following the standard procedure, the participants were pre-
sented with the 16 VVIQ descriptions and asked to generate and
then rate the experienced mental images on a scale of 1 (perfectly
clear) to 7 (no image). Participants who scored within the typical
range (within 2 SD of the grand mean) in both questionnaires were
included in the present study. Seven candidates scored below the
norm on one of the items in the Big Five Inventory; and were
excluded. Participants also filled out a questionnaire detailing
frequency and use of drugs, alcohol, and medications, which was
a criterion for exclusion. After screening, 53 participants were
included.

Experimental design

The experiment followed a within-subject design where the same
observer served as their own control in a series of repeated mea-
sures conditions involving spatial perception and imagery or spa-
tial perception only (no image generation). The study design was
based on a series of perception studies which probed how imagery
alters perception (Craver-Lemley and Reeves 1987; Craver-Lemley
et al. 1997; Craver-Lemley et al. 2010; D’Angiulli et al. 2021).

Participants completed questionnaires gauging task and
context-specific vividness and mental imagery generation
capability: the Test of Static and Dynamic Visual Imagination
(TSDVI), and self-reported speed of imagery (D’Angiulli et al.
2013). In contrast to the VVIQ, these questionnaires probe trial-
based vividness, not trait-based imagery ability, thus these
by-trial measures are more reliable than VVIQ in capturing
task related changes in imagery vividness (Runge et al. 2017)
and more specifically probe the vividness of the produced
imagery.
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Figure 1. Schematic of task demands and imagery/no-imagery trials.

Visual (vernier) acuity task

Following explanation of the task requirements, participants were
presented with an adapted visual acuity task used previously
(Craver-Lemley and Reeves 1992). Participants were asked to
observe a visual projection of two vertical lines, 1.2 m and 2.6°
visual angle downward from the individual, using a Sony Duocom
LCD Data projector. The two lines (each 5 mm) were presented
above on another, separated by a space of 5.84 cm. A third line
(the subliminal stimulus) was presented either to the left or right
of the blank space at 0.2 mm. The line was presented for 34 ms,
after which the screen was masked for 34 ms. This duration falls
on the low end of the window of subliminal perception, between
30 and 150 ms (Sandberg et al. 2022).

After presentation, participants were asked to verbally indicate
if they saw something on the left or the right of the two fixation
lines, or to make their best guess even if they had not seen
anything. Participants were not told which type of visual object
was the target. A schematic of the task and conditions is presented
in Fig. 1.

Imagery conditions

There were five possible conditions for participants, produced
through a combination of vivid/non-vivid and dynamic/static
imagery and non-imagery requirements. Each participant first
underwent five practise blocks, and was asked to produce one
combination (e.g. static and vivid) of imagery. Participants would
confirm they had generated the image verbally or non-verbally
(e.g. pen click), after which the experiment would begin with the
stimulus presentation. Following each imagery trial, participants
would attend the display without generating an image (i.e. non-
imagery trial) and again be shown the stimulus. There were 16
experiment blocks with 10 trials each, for a total of 160 trials, with
even distribution of the four conditions. Accuracy was taken on a
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conditional basis, thus the portion of correct responses out of total
responses per condition.

Importantly, imagery selected for each of the combination of
conditions was pre-selected by the participant, and thus the task
demands assume the same (within-subject) imagery content is
produced for each trial of the same condition type. For vividness,
we defined vivid imagery as ‘the extent to which the imagined
object is lifelike’ (D’Angiulli and Reeves 2007). Thus, vivid ver-
sus non-vivid imagery was given the example of ‘your parent’s
face versus your preschool teacher’s face'. Similarly, static and
dynamic imagery was given the example of something not moving
(i.e. a park bench) and something moving (i.e. a flag blowing
in the wind), respectively (similarly as in the VVIQ protocol).
Participants were asked to generate their own examples to use
for the experiment. This process is further described in other work
(D'Angiulli et al. 2024).

Data analysis

Statistical analyses were carried out in JASP 0.18.3.0. Pearson cor-
relations were used to correlate trial-level measures of vividness
and image generation speed. A repeated measures analysis of
variance (rmANOVA) was carried out with repeated measure fac-
tors of imagery (e.g. imagery or non-imagery condition), vividness
(e.g. vivid or non-vivid imagery trial), and movement (e.g. dynamic
or static imagery). Between subject factors included TSDVI scores
and the perceived vividness scores at the trial level. Both factors
were categorized into low, moderate, and high categories of scores
distribution (Table 1). In this way, we could investigate the effects
of each trial quality, while accounting for individual imagery
quality and self-rated vividness, which addresses issues of relative
vividness between subjects.

Since we sought to determine the effect of imagery and its
quality on priming, we considered analyses which investigate the
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Table 1. Perceived vividness and TSDVI category levels with image generation speed.

TSDVI category (n) Mean TSDVI (SD)

TSDVI range Mean speed, s (SD)

Low (17) 1.884 (0.286) 1.321-2.215 2.998 (0.380)
Medium (17) 2.599 (0.169) 2.321-2.857 2.580 (0.249)
High (17) 3.576 (0.454) 2.89-4.357 2.353 (0.292)
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Figure 2. Trial-level vividness and image generation speed. (a) Perceived vividness and TSDVI score. (b) Perceived vividness and image generation
speed. (c) TSDVI score and image generation speed. Shaded area denotes 95% CI.

effect of imagery and its characteristics on priming to be planned.
In contrast, interactions with individual-level imagery quality
and self-rated vividness are therefore considered as exploratory
(unplanned). For planned analyses, we based our sample sizes
on previous Perky-based experiments, and those investigating
subliminal perception. To achieve a medium-large effect sizes,
assuming « error probability=.05 and power=.95, as reported
in previous works, we determined we needed a median of 15
participants in a vernier acuity task comparing imagery to no-
imagery (Craver-Lemley et al. 1997), and studies investigating
subliminal perception at around 30 ms found significant effects
with a median sample size of 24. Thus, looking at an interaction
between these effects, our total sample size of 53 participants
lends us a sufficient sample size for reliable analysis on both
qualities.

We considered P <.05 as a significant effect. Post-hoc testing
was Holm corrected for multiple comparisons.

Results

The main results of this study were interpreted from the sig-
nificant effects and interactions of the rmANOVA. Results are
ordered based on the ordered hypotheses and logical narrative,
and so main effects and interactions are provided alongside the
associated post-hoc analyses.

Trial-level vividness scores and image generation
speed
We first examined the relationship between individual measures
of vividness including the TSDVI, the speed at which imagery
was generated, and the trial-level vividness ratings. All of the
measures were highly correlated, with TSDVI score and perceived
vividness positively correlated (r=0.670, P <.001; Fig. 2a), TSDVI
and image generation speed negatively correlated (r=-0.739,
P <.001; Fig. 2b), and perceived vividness and image generation
speed negatively correlated (r=—-0.492, P < .001; Fig. 2c).

To estimate the impact of the fluctuation of the trial-based
vividness relative to the trait vividness (i.e. as reflected by the

VVIQ), we also correlated trial-level vividness scores and self-
reported speed to VVIQ. As expected, the effects were modest,
the correlation between perceived vividness, TSDVI and VVIQ,
were 0.546 (P=.002) and 0.442 (P=.013), respectively; and the
correlation between image speed and VVIQ was —0.347 (P=.055).
These findings are consistent with previous literature in that
it demonstrates that VVIQ is only partially consistent with
trial-level task-specific imagery ability (see meta-analysis in
Runge et al. 2017).

Imagery primes subliminal detection

We sought to understand how any type of imagery might alter
unconscious detection of a subliminal probe.

We hypothesized that imagery rehearsal trials would enhance
detection of a subliminal probe, consistent with the priming
theory, particularly compared to control trials in which partici-
pants were asked (immediately following an imagery condition)
to simply observe the screen and vernier lines without imagery
demands.

The rmANOVA revealed a significant effect of imagery on
detection accuracy (F(1,42)=4.257, P=.045, n?=0.011). The mean
accuracy of subliminal stimulus detection during imagery condi-
tions was 53.788% (SE=1.49%, 95% CI [51.5, 56.08]), while control
trials yielded an accuracy of 50.711% (SE=1.51%, 95% CI [48.39,
53.03]; Fig. 3a). We therefore had initial evidence that repeated
imagery evoked in any condition improved probe perception above
chance.

Interestingly, the strength of the effect of imagery was further
contingent on the quality of the imagery and the rehearsal
abilities of the imaginer, as we observed an interaction between
imagery condition (e.g. imagery or non-imagery), movement
(e.g. dynamic and static imagery), and the category of TSDVI
(F(2,42) =3.490, P=.040, 5> =0.015).

Post-hoc contrasts revealed a significant difference between
the low- and medium-category TSDVI in the dynamic imagery
condition (t(42) =4.053, Peorr = 0.014; n’= 0.28). Furthermore, during
the control trial immediately following the static imagery
condition, the medium-category TSDVI participants yielded
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significantly reduced accuracy compared to the low-category
TSDVI (t(42)=3.81, Peorr=0.029, 5>=0.257). Indeed the 95%
CI of the medium category did not include 50%, suggesting
that the non-imagery condition in medium-category TSDVI
participants had an inverse influence (i.e. decrement) on
accuracy (Fig.3b). Across both static and dynamic imagery
conditions, the low-TSDVI group accuracy 95% CI did not
contain 50%.

Vividness of imagery drives perceptual priming
in dynamic conditions

The rmANOVA also revealed a significant interaction across all
conditions (imagery, vividness, movement, and TSDVI group;
F(2,42)=6.113, P=.005, 5?=0.022). We first considered the
interaction between imagery, vividness, and TSDVI under dynamic
conditions.

Post-hoc testing comparing groups between conditions found
a significant difference between the medium- and high-TSDVI
groups in the dynamic vivid imagery conditions (t(42)=3.79,
Peorr =.007; 7% =0.255). Interestingly, we also found a marginally
insignificant difference between the low and medium groups
(t(42)=2.77, P=.09, n?=0.154), hinting that both low and high
groups display priming effects in the dynamic, vivid imagery
conditions, when compared to the medium-vividness group
(Fig. 4). Mean accuracy with SE and confidence intervals are
reported in Table 2.

Post-hoc analyses also revealed a marginally significant differ-
ence between the low- and high-TSDVI groups in the dynamic
non-vivid imagery conditions (t(42)=3.06, Pcorr = 0.049; n?=0.182),
in which the low-TSDVI group indicated a higher accuracy of
subliminal perception (Fig. 3).

Vividness of imagery drives perceptual priming
in static conditions

No post-hoc analyses were significant for the static imagery
conditions.

Individual qualities of vividness production
modulate perceptual priming

The final significant result of the rmANOVA indicated that
individual vividness production (i.e. rehearsal) ability had a
significant effect on subliminal perceptual accuracy (F(2,42) = 8.574,
P <.001, ?>=0.059). Post-hoc testing revealed a significant
difference between the low- and medium-TSDVI accuracy
(t(42) =4.12, Peorr <0.001; 5?=0.288), and low- and high-TSDVI
accuracy (t(42)=2.616, Peor=0.025, n*>=0.140). There was no
significant difference between the medium- and high-TSDVI
accuracy (t(42) =1.28, Peory = 0.207; n% =0.037; Fig. 5).

Individual qualities of vividness production
interact with vivid imagery production and its
effect on priming
In the dynamic vivid condition, we observed no significant dif-
ference between the low- and high-TSDVI groups, but instead
between the low- and medium-TSDVI accuracy (Fig. 4), with an
apparent ‘dip’ in the middle category. We chose to fit a quadratic
regression curve to the data to determine if low and high TSDVI
possessed similar high accuracy, while medium TSDVI boasted
reduced (indeed below 50%) accuracy. The overall model was
significant (F(2,42)=5.51, P=.006, R? =0.187; Fig. 6a).

Conversely, in the dynamic non-vivid imagery condition (Fig. 4),
we observed a significant difference between the low- and high-
TSDVI. This effect appeared to indicate that while low-TSDVI
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Table 2. Marginal mean accuracy in dynamic conditions and 95% CI.

TSDVI group Vividness Imagery Mean accuracy % (SE) 95% CI
Low Vivid Imagery 61.25 (3.33) [54.53, 69.70)
Non-imagery 57.64 (3.08) [51.41, 63.86]*
Non-vivid Imagery 57.92 (3.24) [51.37, 64.46]2
Non-imagery 50.28 (3.66) [42.84, 57.67]
Medium Vivid Imagery 44.00 (2.80) [38.37, 49.63)7
Non-imagery 51.85 (2.59) [46.63, 57.07]
Non-vivid Imagery 49.66 (2.72) [44.18, 55.16]
Non-imagery 49.22 (3.07) [43.02, 55.42]
High Vivid Imagery 61.25 (3.33) [54.53, 69.70)*
Non-imagery 46.67 (3.08) [40.44, 52.89]
Non-vivid Imagery 47.50 (3.89) [40.95, 54.05]
Non-imagery 52.08 (3.66) [44.69, 59.48]
@Ninety-five percent CI does not contain 50% chance value.
Discussion

participants possessed greater-than-chance accuracy of sublim-
inal detection, medium-TSDVI participants did not differ from
chance, and high TSDVI interestingly possessed a detection accu-
racy below chance. We modelled this effect as a linear regression
with TSDVI as a factor, and dynamic non-vivid imagery condi-
tion accuracy as the outcome. The overall model was significant
(F(2,42)=5.685, P <.001, R? =0.192; Fig. 6b).

In this study, we considered how mental imagery might alter
the detection of a subliminal probe as a function of vivid-
ness and imagined movement. We hypothesized that mental
imagery would prime detection of a subliminal stimulus, and
our results supported this theory, but only under certain
conditions.
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We found that globally, imagery trials (of any imagery type)
produced greater-than-chance detection of the subliminal stimu-
lus compared to control trials. Interestingly, regardless of whether
the imagery was static or dynamic, individuals with a low TSDVI
maintained detection accuracy above chance, while medium and
high groups did not indicate apparent global priming. Interac-
tion effects clarified this trend further, as we found that during
dynamic vivid imagery, both low- and high-TSDVI groups boasted
greater-than-chance detection of subliminal stimulus modelled
as a parabolic function. In the dynamic non-vivid imagery, how-
ever, the trend across TSDVI groups was better described as linear,
with low-TSDVI individuals indicating greater accuracy, while
medium-TSDVI participants generally performed at chance level.
Even more interesting, was a below-chance level of accuracy in the
high-TSDVI group only during non-vivid imagery. Overall, TSDVI
was generally associated with detection accuracy, with the low-
TSDVI group indicating accuracy greater than other groups, and
above chance.

These findings contribute to a long history of work on imagery
and its influence on perception (e.g. Perky effect), but highlight a
novel phenomenon in which, even when the target object is not
consciously perceived, vivid imagery can increase unconscious
perception by enhancing the intake of spatial information. Indeed,

our results provide possible explanation for the steady rise in
results which are inconsistent with the Perky effect, countering
traditional theories on down-regulated external information pro-
cessing during imagining.

Imagery and subliminal detection

Our primary finding, an apparent increase in accuracy during
imagery trials, was inconsistent with, and indeed opposed, the
previously described Perky effect (Perky 1910; Segal and Gordon
1969; Segal and Fusella 1970; Craver-Lemley et al. 2010; Reeves
et al. 2020). Given that our probe was delivered subliminally, we
would expect no deviation from chance-level detection if imagery
prevented processing of the probe. Importantly, we did not ask
participants to imagine the probe itself (if we had, this instead
may have been supportive of the Perky effect), but instead the
imagery produced was unrelated, and the probe’s location was
randomized. Our finding was of particular interest, then, as it
posited that some aspect of imagery was not interfering with
perception, but rather enhancing it.

This proposition is not new, both imagery of colour (Changet al.
2013) and pattern (Pearson et al. 2008) bias conscious perception
of real external visual information, but what is distinct about our
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Figure 6. Regression modelling for dynamic imagery conditions: (a) vivid and (b) non-vivid. Solid regression line indicates imagery condition modelling.
Dashed line indicates subsequent control trial for contrast. Shaded area represents 95% CI.

approach is that the imagery was not of the same genre as the sub-
sequent external visual cue. It is more comparable to understand
how imagery of an object might bias perception of a similar object,
much like how pure colour imagery interferes with and influences
the perception of a subsequent colour stimulus. Indeed, except for
one study (Reeves and Segal 1973), the majority of studies which
reported Perky effects using an experimental set up similar to ours
requested the observers to imagine contents similar to the targets
(straight lines or geometrical patterns containing straight lines).
Our finding illustrates that imagery itself appears to prime the
visual pathway such that subliminal (and otherwise undetected)
stimuli arise into (unconscious) perception. We note that this
effect is also primarily spatial, given that the key variable is
location, namely, the side of the target lines determining the
vernier gap. We can then summarize the effect as being that
imagery primes spatial processing of subliminal objects, but with
one key factor: individual TSDVI.

Individual imagery abilities and the priming
effect

A consistent pattern across our findings was that the low-TSDVI
group generally performed better, boasting higher accuracy dur-
ing vivid and non-vivid imagery trials (Fig. 6), and generally across
all trials (Fig. 5). We attribute this to differences in imagery pro-
duction between those with low trial-level ratings of vividness
compared to others (Fulford et al. 2018).

First, the parabolic pattern of accuracy during vivid dynamic
imagery gives some insight into the multiple mechanisms affect-
ing probe detection accuracy. In general, we proposed that priming
involves the engagement of the visual pathway which enhances
visual spatial perception. This has been shown before, whereby
an intrinsic link between the primary visual areas and default
mode network (DMN) has been established for the generation of

visual mental imagery (Zhang et al. 2018). The role of the DMN in
mental imagery production has also been extensively theorized
to describe the internalization of production of depictive vivid
imagery (Xu et al. 2016; Lee et al. 2021).

In low-TSDVI participants we posit that vivid imagery gen-
eration is externalized and possibly gathered from non-visual
sources (Dixon et al. 2014), while for high-TSDVI participants, vivid
imagery is produced as a result of internalized processes involv-
ing the DMN and its coupling to the visual areas (Zhang et al.
2018). In the latter case, the ventral visual system is essentially
primed, as possible mediator for subliminal detection. Impor-
tantly, this pattern negatively shifts during non-vivid imagery,
highlighting the effect of vividness. Indeed we found that dur-
ing non-vivid dynamic imagery, only the high-TSDVI group had
inverted (degraded) accuracy (further discussed below), indicating
that the priming effect in low-TSDVI individuals is unaffected by
vividness (consistent with imagery which is less dependent on
engaging the DMN), while in high-TSDVI individuals, it is indeed
dependent on object vividness. Indeed, imagery priming has been
correlated with the ability and neural correlates of externalizing
or out-of-body projection of mental images (D’Angiulli et al. 2021;
Azanioén et al. 2025).

Neurobiologically, it has been reported that the generation of
high-vividness items is less dependent on memory compared to
low-vividness items, indicating that distinct neural mechanisms
are required for the self-generated information (Lefebvre and
D’Angiulli 2019b; Gjorgieva et al. 2022). This explains the pat-
tern of the high-TSDVI group well, as it indicates that during
vivid imagery, priming occurs likely as a result of DMN-visual
area coupling, while during non-vivid imagery, distinct conceptual
processes are required to produce low-vivid images, reduce the
priming effect as DMN activity downregulates. The neural acti-
vations of low-vividness producing individuals also hints at some
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explanation for an unchanging accuracy level in the low-TSDVI
group. Low imaginers have been posited to draw on non-visual
sources of knowledge when asked to visualize, while high imagin-
ers may instead draw from internal visual sources, consistent with
DMN-visual areas coupling (Zhang et al. 2018; D’Angiulli et al.
2021).

The fusiform gyrus, posterior cingulate, and parahippocampal
gyri have been reproducibly shown as having activity that corre-
lates with imagery vividness (Motoyama and Hishitani 2016; Ful-
ford et al. 2018; Lee et al. 2022). Both fusiform gyrus and parahip-
pocampal gyri are accordingly activated during subliminal detec-
tion (Meneguzzo et al. 2014; Dahlén et al. 2022), and so one expla-
nation for enhanced subliminal detection is that imagery engages
brain regions and prime activity for better detection of subliminal
stimuli. It has also been noted that low-vividness individuals show
greater activation of the inferior frontal gyrus, insula, cuneus,
and anterior cingulate compared to high-vividness individuals, a
pattern which has been attributed to a failure to suppress activity
which interferes with vividness, or as a compensatory activation
of regions with potential to drive the imagery process (Fulford
et al. 2018).

The occurrence of ‘inverse accuracy’

The repeated importance of vividness as a contributor of the
accuracy-reversal effect, and further as a predictor of such an
effect, suggest that it is the internal mental generation (as a func-
tion of vividness) which primes external spatial visual informa-
tion amongst high-TSDVI individuals. We found that only those
reporting high-TSDVI scores possess reduced detection (indeed a
negative accuracy) in the subsequent control trials (Fig. 2). While
paradoxical, we put forth a possible explanation for the accu-
racy reversal in which we argue interpretation as induced (albeit
unconscious) identification of the probe where it was not. This
discrepancy likely arises as a result of the task sequence, as task
demands switch from mental imagery to control trials which did
not demand imagery. As participants perform the mental imagery
trial, they attempt to produce mental imagery projected at the
screen in front of them, amongst high-TSDVI individuals, this is a
faster process (see Fig. 1), replicating previous findings (Lefebvre
and D’Angiulli 2019).

We identified that the subsequent unconscious detection of
the probe stimulus is primed in participants during imagery, valid
within the framework in which mental imagery engages regions
which are dually tasked with processing subliminal incoming
spatial information. Thus, even though the participant is not
consciously aware of the stimulus probe, successful guesses tend
to be at greater-than-chance level, as imagery engages the regions
which process the incoming information (Motoyama and Hishi-
tani 2016; Fulford et al. 2018; Lee et al. 2022).

In contrast, the control trials would require no generation of
imagery, while continuing to attend to the screen (a process which
similarly engages the same regions involved in vividness; Wyland
et al. 2003). To achieve negative accuracy of a subliminal stimuli,
we argue that some processing in the brain must still occur in
order to know where the stimulus is not, and so our explanation
posits the subsequent utility or differential processing of the
incoming information. We argue that if brain centres processing
these subliminal stimuli receive incoming information, but fail to
process it given the lack of priming, then information of where
becomes disjointed from information of what. We put forth that
in this context the available information is captured in the con-
jecture that participants saw ‘nothing, but somewhere’. We can
apply this disjointed information to the dorsal and ventral visual

streams in which the dorsal stream (e.g. where/how) uncon-
sciously processes the location (agnostic to the object; Almeida
et al. 2010) while the ventral stream (e.g. what) fails to grasp the
item itself (Mishkin et al. 1983).

The decision of where the object was must then resort to
reverse inference, selecting the location where it could have been,
as opposed to the place where ‘nothing’ was. This conjecture
certainly requires further empirical support, as there is little work
on the localization of subliminal items during forced-choice task
demands; however, it serves as a possible explanation for how
high-TSDVI individuals were able to achieve below-chance during
non-imagery. The ‘control condition effect’ has been theorized in
other studies, indeed Fulford et al. (2018) suggested that high-
vividness individuals undergo more involuntary imagery during
subsequent control trials, leading to artefactual effects as a result.
Any attempt to suppress this imagery in line with the control
condition demands (i.e., none), might incidentally result in the
effect we report here (as in artefactual reduction in ‘imagery’ fMRI
activation in the vivid imagers when the control condition is sub-
tracted from the imagery condition), although this account needs
to be investigated further. Specifically, an important emerging
link of these findings is the possible relationship between amodal
completion of perceived objects and (possibly unconscious) spa-
tial imagery (Nanay 2021). At the historical origin of the very
idea of amodal completion, Benussi’s investigations (sometimes
using hypnotic manipulation) showed that the unconscious a-
sensory persuasion or feeling of presence was a precursor of
perceiving an object (Benussi and Musatti 2020). Decades later, the
closely related concept of ‘image search’ was introduced within
the context of perception—action cycle of organisms in ethology
and neurobiology (Freeman 1983).

In all, our findings offer a novel explanation for the continued
decline of the Perky effect (Dijkstra and Fleming 2023), indeed
showing that in subliminal conditions, imagery can prime and
enhance subliminal processing, particularly amongst individuals
with low TSDVI or high TSDVI under vivid conditions. The effect
of vividness is a crucial element in considering the processing of
subliminal information, and the further contributions of individ-
ual levels of vivid imagery generating ability. We can also extend
these explanations beyond theoretical interest, as employing sub-
liminal stimuli during emotion exposure (Frumento et al. 2022),
phobia exposure (Frumento et al. 2021), and other therapeutic
interventions (Linehan and O'Toole 1982) can be augmented
under the novel context of how vivid imagery can valence
and prime the processing of subliminal visual information.
Indeed age-related decline in mental imagery may soon be the
target of interventive approaches in order to preserve what
could be enhanced subliminal processing and perceptual ability
(Craver-Lemley et al. 2010).
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