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Abstract. Individual variability in imagery experiences has long attracted the interest of philosophers, educators, and
psychologists. Since Aristotle’s time, it was assumed that imagery is a universal ability, so everyone possesses it. Galton first
measured the vividness of subjective imagery experiences, and discovered that some individuals reported zero imagination.
Recent research has coined the term “aphantasia” — an inability to form mental imagery, or having a “blind mind’s eye”
(Zeman, Dewar, & Della Sala, 2015). We argue that there may be more than one type of aphantasia. Substantial behavioral and
neuropsychological evidence has demonstrated a distinction between visual-object imagery (mental visualization of pictorial
properties such as color, shape, brightness, and texture) and visual-spatial imagery (mental visualization of spatial locations,
relations, and transformations). Notably, visual imagery is not a unitary ability, so individuals who excel in object imagery
do not necessarily excel in spatial imagery, and vice versa. Here we argue that the commonly described “aphantasia” is not a
general imagery deficit but rather a visual-object deficit of imagery (as aphantasic people are often identified by low scores on
the Vividness of Visual Imagery Questionnaire, which assesses object imagery only). We hypothesize that “spatial aphantasia”
(the inability to imagine spatial properties and relationships) can be a separate type of imagery deficit. Individuals with spatial
aphantasia may not necessarily have a deficit in object imagery. We discuss future research directions examining how spatial
aphantasia may manifest behaviorally and neurologically, and how object and spatial aphantasia may be related.
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Is Aphantasia a Unitary Deficit?

Recent research has coined the term “aphantasia” to refer
to an inability to form mental imagery or having a “blind
mind’s eye” (Zeman, Dewar, & Della Sala, 2015). People with
aphantasia comprise roughly 2-3 % of the population (Faw,
2009; Zeman et al., 2015). The identification of an “aphan-
tasia condition” has attracted global media coverage and
raised renewed scientific and public interest in individual
differences in imagery. Cutting-edge research examining
differences between people with aphantasia and those with
hyperphantasia (individuals with extremely vivid imagery,
Cossins, 2019; Zeman, MacKisack, & Onians, 2018) was
initiated by Adam Zeman’s lab in the UK and Joel Pear-
son’s lab in Australia. In April 2019, the world’s first con-

ference for people with “extreme imagination” took place
at the UK (Extreme Imagination Conference, 2019). Since
2015, aphantasia has become a popular topic discussed in
newspapers, TV, blogs, podcasts, as well as in online aphan-
tasia awareness and support groups. Still, scientific explora-
tion of this new topic is only taking its first steps. According
to Google Scholar, there were only about twenty publica-
tions with “aphantasia” in the title between 2015-2019 (and
none before), while there were about fifteen thousand pub-
lications with “imagery” in title in the same period.

In this opinion paper, we argue that there may be more
than one type of aphantasia and that previous aphanta-
sia research considered only one facet of imagery defi-
cits while neglecting the other. Our “two eyes of the blind
mind” hypothesis is based on the established distinction be-
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tween visual-object and visual-spatial processing. Contrary
to the widespread assumption that imagery is a unitary
mental faculty, a substantial body of evidence has demon-
strated a distinction between visual-object imagery (men-
tal visualization of pictorial properties such as color, shape,
brightness, and texture) and visual-spatial imagery (men-
tal visualization of spatial locations, relations, and transfor-
mations). Evidence from neuroscience and neuropsycholo-
gy has demonstrated that, in terms of neural substrate, this
distinction is based on the dorsal and ventral visual cor-
tical pathways (Farah, 1988; Farah, Hammond, Levine, &
Calvanio, 1988; Kosslyn & Koenig, 1992; Mazard, Tzou-
rio-Mazoyer, Crivello, Mazoyer, & Mellet, 2004) while in-
dividual differences research described these two aspects
of visual imagery as two dissociable abilities: individuals
who excel in object imagery were found to not necessari-
ly excel in spatial imagery and vice versa (Blazhenkova &
Kozhevnikov, 2010; Kozhevnikov, Hegarty, & Mayer, 2002;
Kozhevnikov, Kosslyn, & Shepard, 2005).

While aphantasia is typically characterized as a gener-
al inability to conjure a mental image, it is operationally de-
fined as an inability to produce vivid pictorial mental repre-
sentations assessed by vividness questionnaires. Individuals
with aphantasia report extremely low imagery vividness
(Zeman et al., 2010; Zeman et al., 2015), and they are com-
monly identified as those who report no (and sometimes
weak and vague) imagination on the Vividness of Visual Im-
agery Questionnaire (VVIQ; Marks, 1973) or similar self-
report assessments. The VVIQ instrument assesses the abil-
ity to mentally picture objects and scenes in color and detail
(face of a friend, interior of a shop, beautiful landscape) on
the basis of verbal descriptions such as “The sun is rising
above the horizon into a hazy sky”. For each item, partic-
ipants rate the vividness of their images on a 5-point scale
from “perfectly clear and as vivid as normal vision” to “no
image at all, you only ‘know’ that you are thinking of the ob-
ject”. So, the common operational definition of aphantasia
poses a limitation since the VVIQ only measures the object
facet of visual imagery (Blazhenkova, 2016). Remarkably,
people with aphantasia, identified by the VVIQ, do not nec-
essarily report a deficit in spatial imagery (Keogh & Pear-
son, 2018). The renowned case described by Zeman and
colleagues (2010), patient MX, who lost the imagery ability,
was still able to perform well on a visuo-spatial task (men-
tal rotation of 3D geometric shapes).

Therefore, research on aphantasia implies that aphan-
tasic individuals, while being critically low in object visual-
ization power, may preserve intact spatial imagery or even
excel in spatial mental visualization. However, no studies
have examined the possibility of the opposite case: the com-
plete absence of spatial imagery. Here we argue that “spa-
tial aphantasia” (the inability to mentally visualize spatial
relationships and spatial properties) can be separate from
the commonly described “aphantasia” type of imagery def-
icit. Individuals with spatial aphantasia may not necessar-
ily have a deficit in object imagery or may even have ob-
ject hyperphantasia (extreme vividness of object imagery).
In the further sections of the paper, we review the exist-
ing psychometric and neuropsychological evidence for im-
agery abilities and imagery deficits in light of the possibility
of spatial aphantasia. We discuss future research directions
examining how spatial aphantasia may manifest behavior-

ally and neurologically, and how object and spatial aphan-
tasia may be related.

Individual Differences in Imagery:
A Psychometric Approach

Imagery experiences and their role in cognitive perfor-
mance have long attracted the interest of scholars. The idea
that imagery is a universal ability which everyone possesses
and which is crucial for thought was present in the works
of early philosophers such as Aristotle, who claimed that
“the soul never thinks without a phantasma” (Aristotle,
ca. 350 B.C.E./1968; see more in Faw, 2009). The inabil-
ity to create mental images was first described in empiri-
cal research during the 19th century. In 1880, Galton devel-
oped a self-report questionnaire to measure the vividness
of subjective experience of mental images and discovered
a great variability in responses (the contemporary VVIQ
questionnaire was developed on the basis of Galton’s orig-
inal instrument). Surprisingly, Galton found that while
most people reported somewhat vivid imagery experiences,
some individuals had “zero” powers of imagination. Scien-
tists, in particular, reported extremely low imagery vivid-
ness or even the denial of having imagery experiences. Gal-
ton concluded that the ability to form vivid mental images
is antagonistic to abstract thinking.

Subsequently, in a psychometric approach, indi-
vidual differences in visualization have been common-
ly assessed with tools based on a visual-verbal conceptu-
al distinction, popular in psychology and education. This
distinction between visual and verbal processing systems
underlies a commonly acknowledged (Pashler, McDan-
iel, Rohrer, & Bjork, 2009) visual-verbal model of cognitive
style (e.g., Paivio, 1971; Richardson, 1977; Mayer & Mas-
sa, 2003) that portrays a preference to verbal vs. visual ways
of information processing as two contrasting poles. Accord-
ing to this model, individuals can be classified as either vi-
sualizers, who rely primarily on visual thinking, or verbal-
izers, who rely primarily on verbal-analytical thinking. In
this bipolar approach, the capacity for visual imagery has
been considered as a unitary construct, so individuals were
categorized as either “good” or “bad” visualizers, also called
“high” vs. “low” imagers (e.g., Hollenberg, 1970; Paivio,
1983). The distinction between visual and verbal abilities is
also reflected in theories of intelligence (Carroll, 1993; Cat-
tell, 1971; Thurstone, 1938). Spatial visualization has been
assessed as a separate nonverbal dimension of intelligence
(Smith, 1964; Eliot & Smith, 1983; Wechsler, 1955). Howev-
er, a psychological measurement of visual-spatial abilities,
using factor analyses of visual ability tests, did not reveal
a single spatial dimension; instead, it points to both spa-
tial factors (such as spatial visualization and speeded rota-
tion) and also non-spatial factors (such as speed of closure
or flexibility of closure) (e.g., Carroll, 1993). Such findings
challenged the idea of visualization as a unitary general
ability. Blazhenkova and Kozhevnikov (2010) subsequent-
ly demonstrated that not only visual-spatial ability, but also
object visualization, can be considered as a separate facet
of visual intelligence.

Furthermore, a number of instruments developed
to measure visualizer-verbalizer cognitive style (e.g.,
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the most common self-report assessments of experiences,
learning preferences, and problem solving strategies; but
also some accuracy or response times on verbal vs. visu-
al performance tasks) failed to establish good psychomet-
ric properties. Self-report questionnaires that asked partic-
ipants to rate their preferences in the use of imagery versus
verbal thinking (e.g., “I often use mental pictures to solve
the problem”) were criticized for their relatively low in-
ternal reliability (Antonietti & Giorgetti, 1998; Boswell
& Pickett, 1991; Sullivan & Macklin, 1986) and poor con-
struct validity (e.g., Alesandrini, 1981; Green & Schroeder,
1990). Factor analyses failed to show a clear factor structure
with visual items forming a homogenous scale (e.g., Green
& Schroeder, 1990; Boswell & Pickett, 1991), which was not
acceptable for measuring a unitary visualization construct.
Moreover, visual cognitive style self-reports did not corre-
late with visual-spatial ability measures (e.g., Alesandrini,
1981; Edwards & Wilkins, 1981; Green & Schroeder, 1990;
Parrott, 1986; Mayer & Massa, 2003). Numerous correla-
tional studies on imagery vividness, mostly based on VVIQ
or similar measures, also showed that self-report imagery
vividness assessments often failed to correlate with imagery
performance measures (McKelvie, 1995), such as spatial vi-
sualization. Such results cast doubt on the validity of self-
report assessments of imagery (Lohman, 1979; Richardson,
1980). In addition, objective measures of visual cognitive
style did not show a clear relationship with performance on
spatial ability tests, and thus their validity has been ques-
tioned as well (Peterson, Deary, & Austin, 2005; Lean &
Clements, 1981; Massa & Mayer, 2005). Overall, such ev-
idence questioned the usefulness of a visual-verbal model
of cognitive style.

Kozhevnikov and colleagues (2005) challenged the as-
sumption underlying the traditional two-dimensional vi-
sual-verbal model of cognitive style: that visual imagery is
a unitary and undifferentiated construct. Instead, based on
behavioral and neuropsychological evidence that distin-
guish between object and spatial visual processing, they pro-
posed a new object-spatial-verbal model of cognitive style,
which in addition to the verbal considered two separate di-
mensions of visual style. Subsequently, this model was em-
pirically validated by Blazhenkova and Kozhevnikov (2009),
who used a confirmatory factor analysis and demonstrat-
ed that the overall fit to the data of the new three-dimen-
sional model of cognitive style was significantly better than
that of the traditional model. Furthermore, the approach
discriminating between object and spatial visual imag-
ery provided a theoretically guided background for the de-
velopment of valid and reliable self-report imagery instru-
ments. Based on this approach, Blajenkova, Kozhevnikov,
and Motes (2006) developed the Object-Spatial Imagery
Questionnaire (OSIQ), which consisted of two independent
scales separately assessing object (e.g., “My images are very
colorful and bright”) and spatial (e.g., “My images are more
like schematic representations of things and events”) im-
agery abilities, experiences, and preferences. Unlike many
previous imagery questionnaires that lacked criterion va-
lidity, the object imagery scale of the OSIQ significantly
correlated with performance on object imagery tasks and
predicted interest and membership in artistic specializa-
tions, while the spatial imagery scale significantly correlat-
ed with performance on spatial imagery tasks and predict-

ed interest and membership in STEM (science, technology,
engineering, and math) specializations.

In the same vein, Dean and Morris (2003) asked par-
ticipants to rate the vividness of schematic “spatial” stimu-
li, similar to those used in standard mental rotation tasks
that require to mentally rotate 3D geometric shapes com-
posed of cubes in order to identify whether the figures are
the same or different (Vandenberg & Kuse, 1978). Vivid-
ness ratings for these shapes correlated with performance
on the mental rotation tests (Dean & Morris, 2003).

Continuing this line of research, Blazhenkova
(2016) created the Vividness of Object and Spatial Imag-
ery (VOSI) questionnaire, separately assessing vividness
ratings of the evoked mental images ratings on an object
scale (e.g., “Fine details of a zebra’s skin”) and a spatial scale
(e.g., “Mechanism of a door handle”). It was found that viv-
idness that refers to the imagery of spatial properties (loca-
tions, spatial structure, and relationships) versus pictorial
object properties (color, texture, and shape) constitute dif-
ferent — spatial and object — vividness dimensions, and
discriminatively correlate with object (e.g., identifying hid-
den or fragmented objects) vs. spatial imagery (e.g., paper
folding or mental rotation) performance measures. Overall,
this research demonstrated that imagery self-reports, per
se, do not appear to be poor instruments unrelated to ob-
jective measures; instead, subjective reports may be cor-
related with performance tests when a specific dimension
of imagery is associated with the corresponding type of im-
agery assessed by a performance measure (for a review, see
McAvinue & Robertson, 2007). Such tools that differentiate
object vs. spatial image quality may become important in-
struments in the identification and in-depth study of spatial
aphantasia, as well as in comparisons between spatial and
object aphantasia and hyperphantasia.

Extreme Imagination Cognitive Correlates

Previous research on variability in imagery was more
focused on the object imagery dimension, and mostly
on the high end of the distribution. More recent aphan-
tasia research is focused on the low end — individuals
with critically low or absent imagery phenomenological
experience.

Extremely high object imagery, recently labeled hyper-
phantasia and commonly assessed by self-reports measur-
ing phenomenological experiences of vivid pictorial im-
agery, were found to be associated with various cognitive
correlates. Research has established the association be-
tween high vividness of pictorial imagery experiences and
some cognitive measures (see McKelvie, 1995 for a re-
view), such as the ability to identify incomplete, distorted,
or hard-to-see objects (Vannucci, Mazzoni, Chiorri, & Cio-
li, 2008; Wallace 1990); memory for picture details (Marks,
1983); retrieval of sensory traces from long-term memory
(D’Angiulli et al. 2013); detecting salient changes (Rodway,
Gillies, & Schepman, 2006); synaesthesia (Barnett & New-
ell, 2008); high object imagery scores of the OSIQ (Blazhen-
kova, 2016); and art expertise (Morrison & Wallace, 2001;
Blazhenkova & Kozhevnikov, 2010).

In contrast, aphantasia research has demonstrated
that low (object) vividness is associated with a syndrome
of Severely Deficient Autobiographical memory (Palom-
bo, Alain, Soderlund, Khuu, & Levine, 2015), prosopag-
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nosia (Griter, Griter, & Carbon, 2009), loss of the usual
priming effect of imagery in binocular rivalry (Keogh &
Pearson, 2018), reduction in the precision of visual work-
ing memory (Jacobs, Schwarzkopf, & Silvanto, 2018), an ab-
sence of the usual autonomic response to stories that nor-
mally excite emotive imagery (Wicken, Keogh, & Pearson,
2019), and lower object imagery scores on the OSIQ (Jacobs
et al,, 2018; Keogh & Pearson, 2017). According to Kendle
(2017; cited by Tween, 2018), people with aphantasia dif-
fer in their imagery abilities in other modalities: some re-
port similar difficulties across modalities while others re-
port having “mind’s ear” or tactile imagery.

Extremely high spatial imagery is typically measured by
mental spatial rotation, transformation, and spatial relations
performance tasks such as the Paper Folding Test (requir-
ing participants to identify how a folded and hole-punched
paper would look like when fully opened) by Ekstrom,
French, Harman, and Dermen (1976), and the Mental Ro-
tations Test by Vandenberg and Kuse (1978). High perfor-
mance on such spatial visualization tests are correlated with
successful occupational and academic performance in var-
ious domains, including physics, organic chemistry, ge-
ology, and mathematics (Casey, Nuttall, & Pezaris, 1997;
Coleman & Gotch, 1998; Ferguson, 1977; Keehner et al,,
2004; Kozhevnikov, Motes, & Hegarty, 2007; Orion, Ben-
Chaim, & Kali, 1997; McGee, 1979; Paterson, Elliott, An-
derson, Toops & Heidbreder, 1930; Presmeg, 1986; Smith,
1964; Wai, Lubinski, & Benbow, 2009) as well as surgery,
architecture, and mechanical reasoning (Hegarty & Waller,
2005). Spatial transformation ability tests also showed posi-
tive correlations with tests of general fluid ability (Lohman,
1996). Spatial intelligence tests use similar measures such
as mental rotation, mental transformation, and spatial rela-
tionships. High spatial ability was associated with high spa-
tial working memory, and spatial executive control (Colom
et al, 2009; Salthouse, Babcock, Mitchell, Palmon, & Skov-
ronek, 1990; Shah & Miyake, 1996).

Vice versa, low spatial imagery was associated with
inferior performance in STEM domains, such as mathe-
matics learning disabilities (Passolunghi & Mammarella,
2012), and in spatial working memory tasks (but not visu-
al-object imagery tasks), poor spatial orientation and nav-
igational skills (Hegarty & Waller, 2005), and motor coor-
dination difficulties (Voyer & Jansen, 2017).

Extreme imagery cognitive profiles may also include
different strategies. Individuals with low spatial imag-
ery were found to use different strategies from those with
high spatial imagery when solving spatial tasks, and to in-
terpret spatial visualizations as picture-like representations
(Kozhevnikov et al., 2007). Different strategies were also
used by high vs. low object imagers when solving object
tasks. Marks (1973) found that individuals with low imag-
ery vividness had a higher eye movement rate during pic-
ture recall than those with high vividness. Johansson et al.
(2011) detected specific characteristics of eye movements
(i.e., spatial dispersion) during mental visualization in re-
lation to individual differences in spatial but not object im-
agery ability.

Therefore, both low and high poles of both object and
spatial visual imagery abilities seem to be associated with
a distinct profile of cognitive abilities and styles. We expect
that individuals with spatial aphantasia may be discovered

as extreme cases among the population of neurologically
unimpaired individuals with low spatial imagery abilities
and may demonstrate cognitive profiles similar to this low
spatial imagery group.

Object vs. Spatial Imagery
Variability in Professional Fields

Spatial imagery has long been considered an important
predictor of real-life task performance such as professional
success, while object imagery only recently gained attention
as a dimension relevant for professional fields (Blazhenkova
& Kozhevnikov, 2010). As discussed above, different object
vs. spatial imagery ability profiles are associated with occu-
pational preferences and success in such professional fields
as STEM and the arts. These findings shed light on Gal-
ton’s puzzling findings that scientists have deficient men-
tal imagery (1880). Galton’s conclusions led to subsequent
doubts about the functional role of imagery in cognition,
contested in a renowned “imagery debate” about pictorial
(Kosslyn, 1980, 2005; Pearson & Kosslyn, 2015) vs. prop-
ositional (Pylyshyn, 1981, 2003) formats of imagery rep-
resentations. Blajenkova, Kozhevnikov, and Motes (2006)
first proposed an explanation of Galtons results in light
of the distinction between object and spatial visual imag-
ery abilities. It was shown that scientists are not generally
deficient in mental imagery; they may lack object (but not
spatial) imagery. As known from other studies, successful
performance in the visual art domain requires the ability
to depict objects’ pictorial appearances in terms of vivid
color, texture, and shape (Lindauer, 1983; Patrick, 1937;
Roe, 1975; Rosenberg, 1987), whereas successful perfor-
mance in STEM domains requires profound spatial imag-
ery ability such as imagining schematic structures or per-
forming mental spatial transformations (Ferguson, 1977;
Kozhevnikov et al., 2007; McGee, 1979; Paterson et al.,
1930; Presmeg, 1986; Wai, Lubinski, & Benbow, 2009).
Furthermore, research on individual differences in
imagery has demonstrated that natural scientists and en-
gineers tend to be spatial imagers while visual artists tend
to be object imagers (Blajenkova et al., 2006; Blazhenko-
va & Kozhevnikov, 2009, 2010; Kozhevnikov et al., 2005;
Kozhevnikov, Blazhenkova, & Becker, 2010). Such studies
showed that visual artists not only report imagery experi-
ences mostly representing pictorial properties of objects and
scenes, but also perform better on tasks that require object
visualization (e.g., creating vivid representation of textures
and colors, recognizing degraded objects); spatial visualiz-
ers report a use of imagery predominantly for representing
spatial relations and transformations and perform better in
tasks that require spatial visualization (e.g., mental rotation,
finding locations). Besides this, Kozhevnikov, Kozhevnikov,
Chen, and Blazhenkova (2013) found that object vs. spatial
visualization imagery assessments were discriminatively
associated with artistic vs. scientific creativity assessments,
correspondingly. Moreover, Kozhevnikov, Blazhenkova,
& Becker (2010) showed across five different age groups and
four different specialization groups that visual artists had
above-average object visualization abilities but below-aver-
age spatial visualization abilities, whereas scientists showed
the inverse pattern. None of the professional groups (art-
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ists, scientists, architects, or humanities specialists) demon-
strated both above-average object and above-average spa-
tial visualization abilities, and it was proposed that there
can be a trade-off between object and spatial visualization
abilities. Consistently, later aphantasia research found that
while hyperphantasic individuals with extremely vivid and
bright imagery were more likely to specialize in the arts, in-
dividuals with aphantasia were more likely to specialize in
STEM domains (Crowder, 2018). These findings on aphan-
tasic individuals are in accordance with previous research
on individual differences in object and spatial imagery in
artistic and scientific specializations.

Overall, the above reviewed research on imagery vari-
ability in different professional fields support the claim that
aphantasia in object imagery experiences reported by sci-
entists may not involve a loss of spatial imagery. Further-
more, based on these findings, we expect that there might
be a separate condition of spatial aphantasia which may not
be accompanied by a loss of object imagery. It is also pos-
sible that individuals with spatial aphantasia are less likely
to specialize in STEM domains but may succeed in the arts.

Neuropsychological Studies:
Imagery Loss due to Brain Lesion

Neuropsychological research has documented cases
of imagery loss due to brain damage (see Zago et al., 2011
for a comprehensive list of patients and symptoms). Most
of these cases show close resemblance between perceptual
and imagery deficits, advocating for shared neural sub-
strates of imagery and perception (Farah, 1988; Dijkstra,
Bosch, & Gerven, 2019). Nonetheless, in some cases imag-
ery might be intact while perception is impaired and vice
versa, demonstrating a possible dissociation of visual per-
ception and imagery. Collectively, such evidence implies
that the functional neuroanatomy underlying visual per-
ception and imagery is overlapping but not identical (Beh-
rmann, Moscovitch, & Winocur, 1994; Bartolomeo, 2002;
Dijkstra et al., 2019).

On the basis of the then-new but nowadays common
distinction between the ventral and dorsal pathways in
the visual system (Ungerleider & Mishkin, 1982), and tak-
ing into account the overlap of the neural substrates of visu-
al perception and visual imagery (Farah, 1988), Farah and
colleagues (Levine et al., 1985; Farah et al., 1988) suggest-
ed that the two aspects of visual imagery — object and spa-
tial — are also likely to be implemented along the ventral
(“what”) and dorsal (“where”) visual pathways in the same
way as their corresponding aspects of perception. Brain
damage to the ventral pathway impairs imagery perfor-
mance that involves the visualization of an object’s colorful,
pictorial appearances and object identity, such as faces. In
contrast, dorsal (parietal) damage may lead to impairments
in spatial imagery performance, such as mental rotation or
drawing a map (Farah, 1988). Levine, Warach, and Farah
(1985) reported a pair of patients who provided evidence
for a possible double dissociation of object and spatial im-
agery. One patient suffered from a left-sided occipito-tem-
poral and right-sided fronto-temporal lesions, and the oth-
er had a bilateral occipito-parietal lesion. The first patient
demonstrated pronounced object identification difficul-

ties and was unable to describe or to draw the appearance
of objects, faces, or animals from memory, whereas drawing
a map or describing landmark locations remained intact.
For the second patient, the pattern was inverse. At least two
more distinctive cases of selectively impaired spatial but
not object imagery after a parietal lesion were reported in
the subsequent literature: patient RT (Farah & Hammond,
1988) and patient MG (Morton & Morris, 1995), who both
showed difficulties in mental rotation but performed well
when imagining color and shape (Bartolomeo, 2002).

Notably, a right parietal lobe lesion often leads to uni-
lateral neglect, as was also the case for patient RT (Farah
& Hammond, 1988). The unilateral neglect may manifest
not only in the perceptual domain but also be imaginal,
or representational (Bartolomeo, 2002), as in 15 patients
who were studied by Bisiach, Capitani, Luzzatti, and Pera-
ni (1981) and were inclined to imagine mostly those details
of a familiar city location (Piazza del Duomo in Milan) that
were on their right but not left side, given a specific imag-
inary viewpoint. One may suppose that hemi-neglect may
be accompanied by more profound spatial imagery defi-
cits. Such deficits would be selective (i. e., not accompanied
by object imagery difficulties) when no additional tempo-
ral lesion is engaged. Indeed, Palermo, Piccardi, Nori, Gi-
usberti, and Guariglia (2010) showed that patients with
right-hemisphere damage and perceptual as well as repre-
sentational neglect had difficulties with the mental paper
folding task and imagery navigation tasks while performing
reasonably well on a vividness task which requires imagin-
ing an everyday object.

Remarkably, while evidence for spatial imagery defi-
cit in patients with unilateral neglect is clear, Palermo et al.
(2010) mentioned that, of their patients, “none spontane-
ously reported a deficit in mental imagery” (p. 121). This
remark demonstrates the paradox that spatial imagery def-
icits may not be labeled and discussed as mental imagery
deficits in the visual imagery literature. This is likely due
to a commonly used assessment of spatial imagery by tasks
that measure spatial performance but not spatial vividness,
and the assessment tapping into only object imagery vivid-
ness which may remain within a normal range in patients
with impaired spatial imagery. This problem in the imag-
ery literature may also be illustrated by the fact that the list
of imagery loss cases by Zago et al. (2011) includes only one
patient with a purely spatial deficit explicitly recognized
as an imagery deficit in the original paper (the second case
described in Levine et al., 1985). But spatial imagery def-
icits are not rare, as may be seen from the literature cited
above. It rather seems that spatial imagery deficits are ne-
glected by imagery researchers because object imagery def-
icits are more obvious and “vivid” in subjective experience,
and supposedly are more likely to be reported by patients
and by researchers, even when both imagery subsystems
are affected. The description by Brain (1954) of a patient
who mainly complained about the loss of pictorial (object)
imagery while having both spatial and object imagery im-
paired provides an example:

When seen for the first time five years after the acci-
dent, the patient complained that what he called his
“picture memory” was gone. He could no longer form
a visual image of his first wife nor of his second wife,
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nor, indeed, of anyone he knew. ... As a builder’s man-
ager he found it a handicap as he could not visualize
a plan or an elevation, in consequence of which he had
to keep referring to the specifications when dealing
with a house. ... Similarly if he was going on a jour-
ney by car, although he had travelled on the same
route before, he would have to look it up afresh on
maps and retrace it because he could no longer picture
the route... (p. 288).

Neuropsychological data on acquired aphantasia
mostly are represented by a thorough assessment of the re-
nowned aphantasic individual, MX, who complained about
the loss of his ability to visualize the faces of family and
friends as well as buildings, and about losing visually rich
dreams (Zeman et al., 2010). At the same time, MX per-
formed normally in comparison with control participants
on a variety of object imagery performance tasks (e.g., re-
quiring judgements about colors or visual details of ani-
mals’ tails, letter shapes, and the features and emotional
expressions of faces), although his brain activation during
these tasks measured as with fMRI deviated from a pattern
typical for controls. His spatial imagery accuracy (assessed
with mental rotation and Brooks tasks) was in the normal
range. Yet, the response time was considerably greater than
typical, and the pattern of reaction time vs. rotation an-
gle dependence was somewhat different from the typically
found linear function (which is a robust finding in mental
rotation experiments, interpreted as evidence for the analo-
gous format of mental imagery preserving spatial informa-
tion; Shepard & Metzler, 1971). MXs task performance was
also impaired during articulation suppression. Overall, this
evidence indicates strategic changes such as relying on ver-
bal rather than visual processing (Zeman et al., 2010). Sim-
ilar inferences were made about a congenitally aphantasic
individual, AI, who performed as well as controls but qual-
itatively differently from them in working memory and im-
agery tests (Jacobs et al., 2018).

Thus, aphantasia research has demonstrated that sub-
jective imagery deficits may not be accompanied by obvi-
ous changes in perceptual imagery, visual imagery, or visual
memory task performance. This led to a conclusion about
the possible dissociation between phenomenological ex-
perience of visual imagery and successful performance on
imagery tasks which may be rooted in either the possibili-
ty of visual imagery tasks to be solved by alternative non-
imagery strategies or the possibility of non-conscious visu-
al imagery work (Zeman et al., 2010). Given the proposed
function of the ventral vs. dorsal processing stream as “vi-
sion for perception” vs. “vision for action” (Goodale & Mil-
ner, 1992), and that the latter operates predominantly with-
out conscious awareness (Norman, 2002), it is no surprise
that people may be more sensitive to alterations in object
rather than spatial imagery subjective experience. To date,
it is unknown whether the hypothetical loss of conscious
access to image representations may occur selectively for
the object and spatial visual imagery subsystems.

Interestingly, MX’s altered subjective experience was
paralleled by his altered fMRI data, thus providing hints
that the phenomenological dimension of imagery may
be associated with its own neural correlates that are po-
tentially separate from those of imagery task performance.

The question of neural correlates of imagery vividness has
been addressed in the neurotypical population in several
studies using VVIQ and object-based tasks (Amedi, Mal-
ach, & Pascual-Leone, 2005; Cui, Jeter, Yang, Montague, &
Eagleman, 2007; de Araujo et al., 2012; Rumshiskaya, Vla-
sova, Pechenkova, & Mershina, 2013; Fulford et al., 2018).
This body of research demonstrated that VVIQ score posi-
tively correlates with greater activation in the occipital lobes
(primary and extrastriate visual cortices), medial tempo-
ral lobe, and precuneus, but negatively correlates with ac-
tivation in the superior temporal gyrus and frontal areas
(see Fulford et al., 2018, for a review). In light of the spa-
tial aphantasia hypothesis, the search for neural correlates
of spatial imagery vividness (e.g., measured by OSVIQ or
VOSI tools) seems to be a promising direction of future
research.

Spatial vs. Object Aphantasia: Research
Questions and Future Directions

The reviewed evidence from psychometric correlational
studies and neuropsychological evidence supports the claim
that spatial aphantasia may be a behaviorally and neuro-
logically separate type of imagery loss. Neuropsychological
studies have shown that spatial imagery can be selectively
impaired, independent of object imagery. The psychomet-
ric literature describes individual variability in spatial imag-
ery, and indicates that critically low spatial imagery (often
associated with learning difficulties in STEM domains) is
not necessarily associated with low object imagery (and dif-
ficulties in art domains).

Even though the existing evidence implies the pos-
sibility of separate types of mind blindness (object and
spatial aphantasia), measurement tools and theoretical
conceptualization in this research area remains rather lim-
ited. A serious challenge for research on object and spa-
tial aphantasia is posed by the dissimilarity of their nature
and traditions in assessment approaches (subjective for ob-
ject vs. performance for spatial imagery), so that it is hard
to find comparable instruments and methods to examine
them simultaneously.

Research has indicated that variability in object and
spatial imagery does not follow the same pattern, which
further supports their distinction. In particular, the dis-
tribution of object and spatial scores on OSIQ is different:
people tend to rate themselves higher on object imagery
than on spatial imagery (Blajenkova et al., 2006; Blazhen-
kova & Kozhevnikov, 2009; Chabris et al., 2006) and high
object vividness is more frequent than high spatial vivid-
ness (Blazhenkova, 2016). This is consistent with other re-
ports (e.g., Betts, 1909; for more see Faw, 2009) showing
that the mean of (object) imagery abilities on a low-high
continuum is much closer to the high, so that up to 30%
of individuals reported strong imagery, while only about
2% reported weak or absent imagery. There are no pub-
lished data of such a distribution for spatial vividness di-
mension. Besides, multiple qualitative differences have
been proposed between object vs. spatial imagery across
various dimensions: perceptual vs. amodal, conscious vs.
unconscious (Norman, 2002; Palmiero et al., 2019); holistic
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vs. sequential, emotionally-bounded vs. emotionally-neu-
tral (Blazhenkova & Kozhevnikov, 2010).

This problem of measurement is complicated by
the non-unitary nature of spatial and object imagery con-
structs, as each of them consists of different sub-abilities.
In particular, pictorial (object) visual imagery includes
the processing of colors, shapes, faces and letters, each
of which may be impaired independently (Goldenberg,
1993). Spatial ability can as well be further divided (McGee,
1979); for example, into egocentric vs. allocentric compo-
nents (Hegarty & Waller, 2004; Kozhevnikov, Motes, Rasch,
& Blajenkova, 2006; Zacks, Vettel, & Michelon, 2003), or
location vs. location transformation (Thompson, Slotnick,
Burrage, & Kosslyn, 2009), or a motor coordination com-
ponent may be taken into account (McAvinue & Robertson,
2008). Since the prevalent traditions in aphantasia research
predominantly employ mental rotation tests to assess spa-
tial visualization and the VVIQ to assess object visualiza-
tion, an elaborate investigation, using a variety of spatial
imagery measures, should be devoted to specific changes
in spatial imagery performance in cases of object aphanta-
sia, and vice versa for object imagery performance in cases
of spatial aphantasia.

There might be a difference between the visibili-
ty of object and spatial aphantasia. Spatial imagery defi-
cits have not attracted as much attention as the object im-
agery deficits described in recent aphantasia research, and
they often are not labeled as imagery deficits in the neu-
ropsychological literature. As noted in the review of neu-
ropsychological data above, individuals with simultaneous
spatial and object imagery deficits mostly complain about
their object imagery impairments. This may explain the ne-
glect of spatial imagery vividness by aphantasia research-
ers. Also, as discussed above, there are parallel lines in im-
agery research coming from different traditions of imagery
conceptualization and measurement, and different aspects
of imagery receive different attention in these diverse areas.
Thus, some studies (including the milestone study by Farah
et al., 1988) used somewhat different terminology; that is,
object imagery was called “visual’, but spatial was not called
“visual’, even though the tasks labeled as “spatial” required
visual imagery. Indeed, spatial processing may not be en-
tirely visual, and there is evidence that blind people are ca-
pable of performing some spatial tasks such as mental rota-
tion (Barolo, Masini, & Antonietti, 1990).

In the psychometrics literature, the “presence” or “ab-
sence” of imagery has been traditionally identified by ques-
tionnaires assessing object but not spatial imagery viv-
idness, while the lack of spatial imagery was commonly
identified by objective performance measures such as men-
tal rotation. Until recently, an inability to perform visual-
spatial tasks was not related to subjective imagery experi-
ences. Historically, this also led to the wrongful conclusion
that experience and ability are not connected. However,
with the correct choice of measures, self-reports do predict
objective performance. For example, validation studies with
VOSI and OSIVQ questionnaires showed that abilities and
phenomenological experiences are correlated when they as-
sess the same construct. Similarly, the study with art and
science professionals (Blazhenkova & Kozhevnikov, 2010)
demonstrated the consistency between the subjectively re-
ported object imagery experiences and enhanced object

imagery performance in visual artists, and the consisten-
cy between the subjectively reported spatial imagery expe-
riences and enhanced spatial imagery performance in sci-
entists. Currently, in the field of imagery research, there is
a critical need for developing measurement tools that as-
sess spatial imagery subjective experience measures and
object imagery performance measures. Moreover, there is
a need for finer tools that assess variability in different im-
agery processes (e.g., generation, maintenance, inspection,
and transformation; Kosslyn et al., 2006) across both object
and spatial dimensions, such as spatial imagery inspection
or object imagery transformation (e.g., color mixing). Such
instruments would be very useful for the identification and
study of object and spatial aphantasia; moreover, they will
be practical for broader imagery research as well as clinical,
educational, and other applied fields.

A number of theoretical questions remain unanswered.
First of all, little is known about the variability of spatial im-
agery in people with object aphantasia as well as the vari-
ability of object imagery in people with spatial aphantasia.
Currently, there is no sufficient evidence for how low imag-
ery abilities in one domain affect the other: whether it is in-
tact, altered, strengthened, or weakened. For example, data
from patient MX may be interpreted as if the loss of picto-
rial object imagery does not affect spatial imagery perfor-
mance or as if it is actually the cause of the noted change in
mental rotation strategy (Zeman et al., 2010). There is also
evidence that both systems can be simultaneously impaired
(as in cases described by Brain, 1954); however, it is not yet
known whether these impairments are independent (i.e.,
explained by selective brain damage) or whether the loss
of one ability may result in the impairment of the other (and
if this is the case, it is not known whether the impairment
is on the level of altered strategy or more basic cognitive
and neural mechanisms). There is an indication that en-
hanced imagery in one (object vs. spatial) domain may lead
to weakened imagery in the other domain (Kozhevnikov,
Blazhenkova, & Becker, 2010). This possible trade-off be-
tween the two abilities is supported by evidence that aphan-
tasic individuals with object imagery loss tend to special-
ize in STEM domains that require profound spatial imagery
(Crowder, 2018). Also, Khooshabeh and Hegarty (2008)
found that during a mental rotation spatial task, individuals
with low spatial imagery (as compared to individuals with
high spatial imagery) were more likely to represent color,
which is a characteristic of object imagery.

An imagery deficit in one domain may lead to com-
pensatory strategies in the other domain (altered process-
ing). More research is needed to examine the strategies
used during spatial imagery tasks in individuals with (ob-
ject) aphantasia, and vice versa during object imagery tasks
in individuals with spatial aphantasia.

Moreover, it is not clear whether object and spatial
aphantasic individuals experience difficulties in other cog-
nitive and social domains such as verbal intelligence or the-
ory of mind. The compensatory strategic changes can ex-
tend beyond imagery tasks and manifest in other domains
as well. For example, Keogh and Pearson (2017) have shown
that low-vividness (object) imagers probably rely more
on semantic information in working memory tasks. This
idea is consistent with Olivetti Belardinelli and colleagues
(2009), who found that low-vividness imagers activated
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a different neural network compared to high-vividness im-
agers, probably because, in their attempt to generate mental
images, they relied on semantic representations rather than
on sensory-modality representations.

Even though there are some studies reporting that
individuals with aphantasia have distinct cognitive pro-
files (e.g., in terms of their memory, autonomic response
to emotional narratives, or implemented strategies), differ-
ent aspects of their cognitive functioning (e.g., verbal pro-
cessing, susceptibility to illusions, and multisensory experi-
ences) as well as other factors such as personality correlates,
sex, and age differences are yet to be comprehensively
investigated.

A related intriguing research question concerns the pos-
sible dissociation between perceptual abilities and imagery
experiences in individuals with object and spatial aphantasia.
Unlike the majority of patients who acquired imagery im-
pairments as a result of brain lesion and suffered from dif-
ficulties in both imagery and perception, in aphantasics per-
ception may remain intact as in the case of MX (Zeman et al.,
2010) and some other aphantasics (Dijkstra et al., 2019). Giv-
en that no brain lesion is documented in these aphanta-
sia cases, questions may arise as to whether a specific deficit
of imagery but not perception is characteristic for aphanta-
sia, and to what extent the origins of imagery impairments
are similar in aphantasics and brain lesion patients.

The origins of spatial aphantasia is another important
unexplored question. Is it always acquired, or can it be con-
genital and run in families in a way similar to object aphan-
tasia (Zeman et al., 2017)? The latter seems plausible, giv-
en that spatial abilities rely on a genetic component (McGee,
1979). The proportion of congenital and acquired cases is yet
undetermined for any type of aphantasia. It is also unknown
how and to what extent object and spatial imagery may
be trained in individuals with spatial and object aphantasia.

Neuroimaging research may also help to answer
the question of any specific neural correlates of congenital
and acquired spatial vs. object aphantasia. Currently, even
for the object dimension, little is known about the possible
differences in symptoms of acquired vs. congenital aphan-
tasia. Creating a detailed description of the neural corre-
lates of both subjective experience and imagery perfor-
mance in object and spatial aphantasic and hyperphantasic
individuals would be crucial for understating extreme, ob-
ject and spatial, imagination.

Implications

There is a great public interest in aphantasia as well as an
eagerness for the research participation of individuals with
(object) aphantasia. As is evident from reports of these
individuals, though they experience a number of difficul-
ties due to their extremely low or absent imagery, many
of them live “normal” lives, successfully perform in various
professions (surprisingly, including visual arts), engage in
healthy social relationships, and may even use their aphan-
tasia as an opportunity. Many of them have lived for years
without being aware of their unusual imagery characteris-
tics until the recent popularization of research findings on
imagery loss and the introduction of the term “aphantasia”.
Less is known about individuals with spatial aphantasia,
their life experiences, their cognitive strengths and weak-
nesses, and what kind of possible compensatory strategies

they may develop. It seems that object imagery is more
important for everyday life (which is also indicated by its
skewed distribution in the population towards the higher
end), while spatial imagery may be important only for some
tasks. According to interviews with natural scientists and
engineers who tend to be high spatial visualizers, they use
it from time to time, mostly for technical problem solving
(Blazhenkova & Kozhevnikov, 2010). It may be less likely
that spatial aphantasia would attract a similar public inter-
est since it may be less essential for everyday life. Depend-
ing on a specific deficit of spatial imagery, individuals with
spatial aphantasia may experience difficulties in STEM
domains, motor coordination, or large-scale navigation. It
is important to note that even though aphantasia is some-
times referred to as a “condition’, there is no such clinical
diagnosis: it reflects a different way of experiencing life,
rather than a disability. Research on this intriguing variabil-
ity in imagery experiences and different forms of aphanta-
sia will have direct applications for improving the quality
of life for people with aphantasia. Theoretical understand-
ing of the mechanisms underlying these imagery defi-
cits (or abundance in case of hyperphantasia) and proper
measurement methods will help to create best practices for
imagery training techniques, implementing efficient ways
of information processing and learning, as well as develop-
ing coping strategies.

Conclusions

Recent aphantasia research is focused on people who report
an absence of visual imagery, or “blind mind’s eye”. In light
of the dissociation between object and spatial visual imag-
ery abilities supported by cognitive and neuroscience data,
we suggest that there are actually two “mind’s eyes’, and
each of them can be blinded. Currently, aphantasic individ-
uals are identified on the basis of object imagery vividness
assessment, while spatial imagery loss remains neglected.
While contemporary research on aphantasia has attended
to extremely low object imagery, research on the cognitive
and neural correlates of low spatial visualization is rather
limited. The identification and in-depth description of spa-
tial aphantasia as well as of spatial hyperphantasia would
require theoretical and methodological advances in the tar-
geted assessment of spatial and object imagery loss. Prom-
ising research directions in this area include the search for
origins of the proposed spatial aphantasia, its neural and
cognitive correlates, related deficits and compensatory
strategies, as well as the interplay between object and spa-
tial imagery strengths and weaknesses.
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IIBa Tna agpaHTasum:
00 beKTHas
U HIPOCTPAHCTBEHHAA?

Onecsa braxeHkoBa
DaxybTeT UCKYCCTB U COLMANBHBIX HayK, YHuBepcuter Cabaumxku, Crambyr, Typums

Exarepuna IleyuenkoBa
HYJI xorunTuBHBIX MccnefoBanmii, HamyoHnanbHbIN MCCIef0BaTeNbCKUI YHUBEPCUTET
«BpIcIIas mKoma sSKOHOMUKN», MockBa, Poccus

Aunotanus. VIHguBuUAyanpHble pasandns B 06/1acTy BOOOpaXKeHMsI C JaBHUX IIOp IpUBIeKanu BHUMaHMe $punocodos,
Hefaroros 1 mcuxonoros. Co BpeMeH APUCTOTeNs IIPeAIIOIaragoch, YT0 BOOOpakeHe — YHUBEPCaTIbHAs CIIOCOOHOCTS,
HIPUCYTCTBYIOLIAsA y Kaxoro denoseka. Korga Y. TabToH BIepBble Haval U3MEPATh SIPKOCTb (KMBOCTb) 06pasoB mpef-
CTaBJIeHNsI, OH OOHAPYXXIII, YTO ¥ HEKOTOPBIX JIIOfiEl, COIVIACHO MX CYOBEKTUBHBIM OTYETaM, BOOOpa>KeHIe OTCYTCTBYET.
B coBpeMeHHOII IICHXOIOINYECKOI IUTePaType HeAaBHO ObUI BBeleH TEPMUH «aaHTasMsI», KOTOPbIT 0003HAYaeT HeCIIO-
Co6HOCTh (POPMUPOBATH MBICIEHHBIE 00pasbl, MM «HEBUSALINIT BHYTPeHHMIT B3op» (Zeman et al., 2015). MsI yTBepX-
JaeM, 9TO MOXeT CyLIeCTBOBaTh 6omee ofHOro Tnma adanTasuu. [JaHHbIe KaK ICUXOMETPUYECKNX U IKCIEPUMEHTAIbHO-
ICUXOJIOTMYECKIX, TaK U HeJPOIICHXONTOTNYEeCKIX MCCIeSOBAHNIT YKAa3bIBAIOT Ha HEOOXOMMOCTD PasIndeHNsi 00BEKTHOTO
U IIPOCTPAHCTBEHHOTO 3PNUTENTBHOIO BOOOpasKeHNsI (T. €. MBICIEHHOTO IIPEfCTaB/IeH s N300 PasUTeNIbHBIX CBOCTB 00bEKTa,
TAKMX KaK LIBeT, POpMa, SPKOCTb, TEKCTYpa MOBEPXHOCTH, WIN K€ €r0 IMPOCTPAHCTBEHHBIX XaPAKTEPUCTUK — MECTOHA-
XOXK/[eHsI, B3aMMHOTO PACIIONIOXEeHMs C [PYTUMIU 00beKTaMM, IPOCTPAHCTBEHHbIX TpeobpasoBanmii). IIpy paccMoTpeHnn
3PUTENTBPHOTO BOOOPaXKeHIsI KaK MHAMBUYAIbHO BBIPAXKEHHOI CIIOCOOHOCTI 0OHAPY)XMBAETCS, UTO OHA He efMHa: IO,
y KOTOPBIX PasBUTO 0OBEKTHOE BOOOpaKeH e, He 00513aTeIbHO MPEYCIIEBAIOT B 3a/ja4aX, TPeOYIOLINX IPOCTPAHCTBEHHOTO
BOOOpaXkeHMs, 1 HA0OOPOT. B maHHOII cTaThe MBI IOKa3bIBaEM, UTO, IOCKOIBKY a(paHTa3us1 0OBIYHO BBIIB/IAETCS HA OCHOBE
HU3KMX 6a/U10B 110 OIIPOCHMKY XMUBOCTHU 3puTeNbHOrO BoobpaxkeHus (Vividness of Visual Imagery Questionnaire, VVIQ),
KOTOPBIII AMATHOCTHPYET TONBKO 00beKTHOE BOOOPaKeHNe, TO MOKHO 3aK/II0UUTD, YTO aaHTas3Ns, KaK OHa OOBIYHO OIN-
CBIBAETCs Ceifyac, — 9TO AePUINUT TOMBKO 0OBEKTHOIO BOOOPaKeHNs, a He 0flljee HAPYLIEHNE 3PUTEIBHOTO BOOOpaxe-
Hust. MBI IIpefmonaraeM, 4To IIPOCTPAHCTBEHHAs aaHTas3ns (HECIIOCOOHOCTD IPENCTABIIATh IPOCTPAHCTBEHHbIE CBOICTBA
M OTHOLIEHNS) MOXeT OBITb OT/HEIbHBIM TUIIOM HAPYLIEHNUI 3pUTEIBHOTO BOOOpaXkeHMs. Y JIIOfieil ¢ IPOCTPAHCTBEHHOI!
adaHTasmell He 06s513aTeNIbHO HO/DKHBI HAOMIOAATHCS TAKXKe 1 IPOOIEMBI ¢ 00beKTHBIM BOOOpakeHeM. Mbl 06Cyxaem
BO3MOXXHBIE HAIIPAB/IEHNs OYAYLIUX UCCTIEHOBAHNUIL, KOTOPble MO3BOMIIN OB 0OPATUTHCS K U3YIEHUIO POSBIEHMUIT IPO-
CTPAaHCTBEHHOIT aaHTa3NN B IOBEAEHNY YelOBeKa I B HePO(DIU3MOTOINIECKOM IIJIaHe, a TAKXKe COOTHOIIIEHNE 00beKTHOI!
U IIPOCTPAHCTBEHHON adpaHTa3MN.
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