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Visual gnostic disorders are among the possible causes of disability in patients with brain lesions, but their prevalence and clinical
significance in neurological practice are underestimated. This review gives insight into visual object agnosia as a manifestation of brain

pathology.

Particular attention is paid to the present-day ideas of the neuroanatomical and neurophysiological basis of visual gnosis. Clinical
variants of visual object agnosia, their morphological substrates, features of neuropsychological diagnosis and basic approaches to patient

rehabilitation are described.

The unique possibilities of computer technologies for implementation of physical measurement principles, digital mapping and controlled
optimization in diagnostic and rehabilitation processes, particularly, in visual object agnosia, are presented.
Special emphasis is placed on the necessity to develop standardized valid methods for diagnosing visual object agnosias to improve

the ways of their correction in neurological practice.
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Introduction

Visual gnosis (recognition) is the ability to recognize
visually presented objects, i.e. to assign meaning to
previously familiar visual stimulus when perceiving it as
a whole or its separate parts [1, 2]. Accordingly, visual
agnosia refers to inability of a person to recognize an
object or a part of an object with the help of vision alone,
while basic visual functions (visual acuity and visual
fields, spatial contrast sensitivity, color vision), speech,
memory and the ability to recognize objects by sound or
tactile features remain intact [2-6].

Since visual agnosia is a monomodal disorder,
clinical cases of patients having signs of gnostic function
disorder of other modalities along with visual gnostic
disorders should not be regarded as cases of true visual
agnosia, according to some experts [3]. Visual agnosias
can be observed in the clinical picture of many brain
diseases and lesions, nevertheless, they are still among
the least studied disorders in neurology [7]. However, the
relevance of timely diagnosing visual gnostic disorders is
determined by their negative impact on the quality of life
of patients and the need for early correction [8].
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Currently, many authors distinguish such types
of visual agnosia as visual agnosia of objects and
shapes, facial agnosia, topographical agnosia, letter
agnosia [2, 8]. Visual agnosia of objects and shapes
(object agnosia) remains the most understudied, it is
characterized by inability to visually recognize complex
objects or drawings and differentiate classes of stimuli,
despite the intact basic visual functions [9]. Patients
with visual object agnosia are unable to recognize
previously familiar objects and unable to learn to identify
new objects by their appearance alone [10]. Besides,
such patients have reduced control over the accuracy
of object recognition [2]. Visual object agnosia is likely
to be accompanied by impaired recognition of familiar
faces (prosopagnosia), less often letters and words
(“pure” alexia without agraphia) [3, 11].

Classification of visual object agnosia

Object agnosias are divided into apperceptive and
associative forms [5, 10, 12, 13]. Apperceptive object
agnosia manifests itself by the inability to copy an object
and find similarities/differences between objects [13—15].
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Associative agnosia is characterized by impaired object
identification due to the loss of knowledge about its
meaning: the patient is able to draw the object, describe
its parts and find similarities between different objects,
but fails to recognize the object that has just been
presented and drawn [14, 15].

Apperceptive visual agnosia comprises shape
agnosia, transformational agnosia and integrative
agnosia [5, 16, 17].

In shape agnosia, patients fail to recognize simple
geometric shapes and, therefore, such elementary
properties of objects as curvature and volume. They
make mistakes in tests for recognition and comparison of
objects and are unable to draw or copy the object seen [3].
Recognition is assisted by tracing the contour of the object
with hands and touching it, visual perception is thereby
translated into kinesthetic perception [10, 12]. A number of
authors argue that this disorder is not purely agnostic and
should be described as “pseudoagnosia” [12].

A patient with apperceptive integrative visual agnosia
is unable to integrate the object details into a single
unit and, therefore, fails to recognize the object and
distinguish correct and incorrect images of real objects,
although the patient can perceive separate object
elements and copy the images in parts [10, 12, 16, 18].

Apperceptive transformational agnosia is the inability
of a patient to recognize three-dimensional objects when
looking at them from unusual visual angle and having to
carry out their “mental turn” [10, 12, 19]. Some authors
attribute this deficit to spatial agnosia. Other researchers
believe that the term “spatial agnosia” can lead to
confusion in this context as it gives a specialist the
impression that errors of spatial information processing
rather than impaired ability to perceive the same object
from different visual angles underlie transformational
agnosia [12].

Associative object agnosia is characterized by the
fact that the patient is unable to identify the object and
determine its semantic category, though he can analyze
the structure of the object [18]. Some authors question
the possibility of defining this disorder as true agnosia,
since its mechanisms are closely related to selective
visual memory impairment. It is believed that in patients
with associative object agnosia, not only previously
obtained knowledge about objects is impaired but also
the possibility of acquiring new visual experience [10,
15]. Barton [10] suggested distinguishing two variants
of the associative form of visual agnosia, depending
on whether the patient had impaired access to the
preserved traces of object imagery (semantic access
agnosia) or visual object representation in memory was
lost (full semantic agnosia).

Along with the two described forms of associative
visual object agnosia, researchers discuss existence
of category-specific agnosias defined as pathological
conditions in which patients fail to recognize the stimuli
related to specific categories, in particular, a group of
living or non-living objects [10].

Visual Object Agnosia
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Neurophysiological and morphological basis
of visual object gnosis

The nature of visual agnosia is most often explained
relying on the ideas about normal processes of visual
image formation, which comprise three levels [4]. The
first (lowest) level involves visual stimulus processing
and analysis of information about the simplest
physical properties of the object. Eye structures, the
corresponding pathways, the visual subcortical centers
and the primary visual cortex (striate cortex) serve as
the anatomical basis for these processes. The second
(middle) level includes synthesis of visual information
about the object properties, which is carried out involving
the extrastriate cortex and is related to image formation
at the psychological level [20-22]. At the third (highest)
level there is polymodal information synthesis necessary
for assigning a certain meaning to the object image; the
neurophysiological basis of this synthesis is the activity
of multimodal association areas of the cortex [4].

The hypothesis about two streams of extrastriate
visual input, proposed by Leslie Ungerleider
and Mortimer Mishkin, plays an important role in
understanding the nature of object gnosis. According to
the hypothesis, one of the streams goes from the primary
visual cortex to the parietal cortex and is involved in
processing the information about the spatial location
and direction of movement of the object (the “where
pathway”), while the second stream goes to the temporal
cortex and is involved in recognition and identification of
images (the “what pathway”).

Later, it was suggested that these streams had other
functional differences: the ventral pathway was involved
in processing the information necessary for stimuli
perception and awareness of the surrounding world
(vision for recognition), while the information important
for action control and programming (vision for action)
followed the dorsal pathway [5, 22—-26]. The ventral
pathway involved medial occipital-temporal structures,
and the dorsal pathway involved lateral occipital-parietal
structures [12, 25].

Currently, the ideas about isolatedness of visual
information pathways in the extrastriate cortex have
been challenged as there is evidence that both object
recognition and actions with objects can be impaired
regardless of lesion location in the ventral or dorsal
pathway structures [5, 27, 28]. In this regard, a modified
model of the above two-streams hypothesis has been
proposed, according to which parallel and hierarchical
coding of information about the object in the dorsal and
ventral systems can be constantly modified within the
framework of interaction between the two streams before
convergence in the prefrontal cortex [14, 22, 28, 29].

To verify the morphological substrates of visual gnostic
disorders, clinical data is compared to neuroimaging
findings. The method of lesion-mapping involving
statistical analysis of clinical picture dependence (in
particular, visual agnosia manifestations) on lesion
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localization according to brain imaging data [30] is
increasingly popular.

The lateral occipital complex, the posterior temporal
cortex, the parahippocampal place area, and the
fusiform face area are considered to be anatomical
areas critically significant for visual object gnosis
(object-sensitive areas) [14]. The lateral occipital
complex is an area on the lateral surface of the occipital
lobe [14]. It is activated when an object is presented
from different view angles, but not when the object is
resized or repositioned [18].

The posterior parts of the temporal cortex form
the neurophysiological basis for linking the image
of the object with its semantic meaning, while the
parahippocampal place area is maximally activated in
response to visual stimuli in the form of buildings and
topographic landmarks [14, 31]. As for the fusiform
gyrus, this area is activated mainly in response to faces,
not objects [14].

Visual object agnosia has been described in cases of
carbon monoxide poisoning, strokes, posterior reversible
leukoencephalopathy ~ syndrome,  multiple  brain
metastases, herpetic encephalitis, posterior cortical
atrophy, Creutzfeldt—Jakob disease [2, 9, 12]. When
related to local brain lesions, object agnosia is more
common in cases of bilateral temporal and occipital foci,
though it is possible with underlying isolated lesion of the
left or right hemisphere [2, 3, 12, 32].

Diagnosis of visual object agnosia

The complexity of diagnosing visual object agnosia
is determined by the fact that in brain lesions it is often
combined with other marked neuropsychological and
neurological disorders concealing gnostic disorders [5,
33]. Another problem is lack of standardized methods
for revealing gnostic disorders [12, 34]. On the other
hand, timely clinical detection of object agnosia is
greatly important, since it can be an early sign of
neurodegenerative diseases for which neuroimaging
methods of diagnosis have low sensitivity [33]. Accurate
evaluation of the nature of agnosia allows developing an
individual strategy of patient rehabilitation, improving the
prognosis of his recovery [12].

Initial examination of a patient with suspected
visual agnosia includes clinical examination involving
assessment of elementary visual functions and simple
visual stimuli perception. If these prove to be intact,
the next step is evaluation of the ability to recognize
objects [3, 16]. To do this, the patient is shown some
familiar objects, asked to name them and describe their
properties. The latter is necessary for differentiating
agnosia from anomia: the patient with anomia cannot
name the object, but correctly describes its function
[2, 3]. Tasks on recognizing crossed-out images and
superimposed figures are widely used [1, 16].

In patients with apperceptive visual object agnosia,
recognition of overlapping images is dramatically reduced
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compared to images presented in isolation [16]. Patients
with apperceptive integrative visual object agnosia
are given tasks on distinguishing between real and
meaningless object (created by adding or replacing parts)
images, which represent the greatest difficulties [16].

Apperceptive visual shape agnosia (accompanied by
impaired copying) is also diagnosed by giving tasks on
drawing geometric shapes and letters [12]. To diagnose
apperceptive visual transformational agnosia, there are
tasks on recognizing objects demonstrated at atypical
view angles and requiring mental spatial turns for
recognition [12, 19].

Associative visual object agnosia is revealed by
means of tasks on recognizing objects from various
semantic categories and identifying their specific
properties [12, 16].

Currently, there are few standardized tests to reveal
visual object agnosia, which reduces reliability of object
agnosia diagnosis [35].

Computer technologies for diagnosis
and digital display of object agnosia

Traditional methods of diagnosis and rehabilitation
of cognitive functions are adapted to cognitive-affective
resources of human expert. The advantage of these
methods is an active emotional-motivational component
ensuring involvement of the individual in diagnostic
and rehabilitation procedures (training). However, there
are a number of important drawbacks: a limited space
of features to describe the structure of the individual
cognitive system, low detection accuracy, significant
distortion of assessment results associated with
cognitive-affective status of the expert. There is no
possibility for objective digital mapping and controlled
optimization of cognitive functions within conventional
clinical strategies.

Development of computer technologies, virtual
reality technologies, and software tools provides unique
opportunities for making objective diagnosis and
improving the efficiency of cognitive function correction
[36]. There is technological background for implementing
the basic principle of physical measurements in relation
to human cognitive system: comparing like with like,
the object with the standard. Information objects and
event contexts of virtual computer environment can be
considered as standards for measuring the properties of
subjective cognitive space. In this case, measurement
procedure can be reduced to formalized assessment of
errors in recognition, management or reproduction of
virtual standards. Measurement results are presented
as digital cognitive maps providing objective display of
the cognitive system of a particular individual in a wide
range of cognitive parameters [37-39].

Present-day local and Internet-based software tools
for cognitive assessment and rehabilitation (Lumosity.
com, Cognifit.com, Wikium.ru, platform.apway.ru etc.)
successfully ensure measuring and training perception,
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memory, attention, action speed,
flexibility in relation to visual objects in
various event contexts [40—43].

Testing is carried out in relation to
visual objects of various semantics
(object images, geometric shapes,
letters, words, faces with a variety of
emotional expressions) in a limited
set of event contexts. Event contexts
provide tasks on recognition, search
and comparison of visual images
[44-51]. Different types of recognition
errors, response time, psychophysical
detection and discrimination thresholds
are measured. Different modifications
of Wundt's method (Figure 1 (a)),
Stroop interference test (Figure 1 (b)),
Gottschaldt figure test (Figure 1 (c)) are
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used as basic models for testing.

In most computer-assisted diagnostic
and rehabilitation simulators, tests are
implemented in the form of exciting
computer games. Feedback with digital
assessment of trained functions and display of training
history in the form of assessments time chart is a
required element. Play and sport enthusiasm motivates
for continued ftraining using cognitive simulators.
However, each game actualizes many cognitive
processes, complicating differential diagnosis and
correction of impaired cognitive module.

The expert system built on the ApWay platform
(platform.apway.ru) developed in Privolzhsky Research
Medical University (Nizhny Novgorod, Russia) can serve
as an alternative to cognitive simulators available in the
World Wide Web. The system provides an opportunity
for digital mapping of cognitive functions in a wide
feature space and provides a convenient interface for
designing original user tests [52]. To date, the platform
contains 350 scenarios that allow measuring certain
cognitive modules in three target contexts: sensorimotor
activity on a wide range of visual features and objects;
object search; associations of multi-modal information
images.

A unique infrastructure for testing the function of
selecting visual objects from the background has been
created in the ApWay environment using the original
model of “computer campimetry” test [53] (Figure 2).

Test scenarios based on this model can use visual
objects with different semantics (object images,
geometric objects, letters, words) localized in different
areas of the screen. The user is assigned a task to
display the object on the color background, to point at
the icon for this object, hide the object (Figure 3).

The same sequence of events for different
background shades makes it possible to construct
psychophysical function of color differentiation (Figure 4)
which is a digital map of the subjective color space and
displays color differentiation peculiarities of a particular

Visual Object Agnosia

Figure 1. Examples of online implementation of basic test models (https://
wikium.ru/science/techniques):
(a) Wundt's method; (b) Stroop interference test; (c) Gottschaldt figure test
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individual. There is an opportunity for instrumental
diagnosis of visual object agnosia irrespective of speech
and mnestic functions.
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Cognitive Diagnostics
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Figure 4. Example chart of color differentiation function
according to computer campimetry results

Every test on ApWay cognitive platform can
be optimized for actualization of certain cognitive
modules and provide both construction of personal
digital cognitive maps and formation of individual
cognitive training programs on their basis. A significant
disadvantage of this technology is lack of a user-friendly
interface for feedback and remote rehabilitation process
monitoring.

Internet platforms providing cognitive simulators have
been successfully tested for diagnosis and rehabilitation
of dementia patients, post-stroke rehabilitation [54] and
improving cognitive functions in cancer patients after
chemotherapy [55].

Thus, there has been provided technological
background for making cognitive diagnosis and
rehabilitation reliable and objective. Template digital
maps are developed taking into account basic features
of information objects (spatial, temporal, quantitative,
qualitative) and basic cognitive processes (feature
selection, identification and classification of objects,
selective attention, decision-making) for the main
neuropsychological disorders, including visual object
agnosia. Unique opportunities for  personalized
digitization of cognitive systems have been poorly
realized so far. However, it should be admitted, there is
active development in this direction.

Rehabilitation of patients
with visual object agnosia

Spontaneous recovery is rare in visual object agnosia,
increasing the importance of special training sessions
with patients [2, 8]. Nevertheless, very little attention
is paid to methods of restoration or compensation of
visual gnosis, much less than to visual neglect correction
issues, for example [7]. Indeed, in 2018, Heutink et al.
found only seven works on rehabilitation of patients
with visual object agnosia in scientific publications [8].
Research in this field is based only on certain clinical
observations indicating that individual training of patients
with visual agnosia can improve their ability to recognize
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objects and lead to certain generalization of positive
effect [56].

Based on the results of 26-year observation of a
patient with apperceptive integrative visual object
agnosia, Humphreys [16] arrived at the conclusion that
visual gnostic disorders can be partly compensated
over time by involving the preserved dorsal pathway
structures in recognition. It is recommended to
train patients systematically in using compensatory
techniques, such as conscious use of contextual, tactile,
auditory clues and verbal description of objects [2, 8].

New principles of formal description of individual
cognitive systems can lead to revising cognitive
impairment classification and creating novel models of
cognitive diagnosis and rehabilitation [57].

Conclusion

Visual gnostic disorders can cause significant
limitations in the life of patients with brain lesions,
but in practice, clinicians often underestimate them.
It is necessary to develop standardized methods
for diagnosing visual object agnosias and improve
approaches to rehabilitation of patients with this disorder.
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