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Abstract: Hemianopia poses significant challenges and requires effective rehabilitation strategies. 

Traditional visual restoration methods have focused on low-level vision therapies in controlled en-

vironments. This paper proposes the integration of natural and ecologically valid environments, 

e.g., virtual reality (VR), three-dimensional (3D) settings, and cognitive interactions for visual reha-

bilitation. We review various studies that employed common practices in laboratory or controlled 

settings. We also discuss the disadvantages of traditional techniques and advocate for a comprehen-

sive and ecological framework in visual rehabilitation. Instead of correcting visual inputs, we em-

phasize training the visual system to adapt and restore functionality in real-world contexts. By com-

bining real-world environments and higher-level vision approaches, we can enhance visual recov-

ery, improve daily functioning, and restore the quality of life for individuals with visual field de-

fects. Moreover, we stress the importance of incorporating natural environments, VR, 3D settings, 

and cognitive interactions to maximize the effectiveness of visual rehabilitation and empower pa-

tients to regain their visual abilities in real-world scenarios. Continued research and development 

in this field are crucial to refine and expand the application of these innovative techniques, ulti-

mately enhancing the lives of individuals affected by visual field defects. 
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1. Introduction 

Human beings are well-known as visual animals. Our visual system, which is a complex and 

extraordinary computational system, supports many of our impressions, understanding, and behav-

ior [1]. It allows us to recognize, distinguish, and adjust our movements and behavior. Vision is not 

a spontaneous framework of neural coding and responses; instead, it relies on earlier learned rules 

about the structure of the environment around us, making our visual experience complex and unique 

[2]. The vital role of our visual system in our lives becomes apparent through the vast amount of 

information it provides about the world. It enables us to recognize objects, faces, shapes, patterns, 

and spatial awareness, including finding addresses. Moreover, vision contributes to learning and ed-

ucation, emotional processing by providing emotional stimuli, and ultimately, our survival, empha-

sizing its critical importance to us. 

The significance of vision in our lives can be attributed to its "informativeness." When processing 

stimuli from different sensory channels, individuals rely on the most precise or accurate modality for 

the task they are engaged in or preparing for [3]–[5].To illustrate this, let us consider the situation of 

crossing the street. While one could focus solely on hearing and paying attention to the sound of 

approaching cars, the preferred and trusted method is inspecting the surroundings by looking left 

and right. This reliance on vision is due to its perceived precision and accuracy, as it provides a more 

reliable assessment of the presence or absence of cars. Therefore, individuals turn their heads to vis-

ually confirm the absence of approaching vehicles before crossing the street [6], [7]. 

With a single gaze, we can take in an enormous amount of information, and our foveal acuity 

allows us to focus on intricate details of what we perceive. Additionally, vision enables us to calibrate 
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and coordinate movements in space, such as locomotion and hand gestures, owing to its superior 

spatial resolution compared to other senses. Spatial cognition and object identification are primarily 

facilitated by vision, making it the primary sensory modality in these processes [4], [8], [9] 

The dominance of vision can also be attributed to the potential "weakness" of the visual system. 

Posner et al. (1976) hypothesized that humans have a strong tendency to actively attend to visual 

events to compensate for the relatively poor alerting properties of the visual system compared to the 

auditory or tactile systems[10]. This hypothesis suggests that under conditions of high arousal, both 

animals and humans are more likely to switch their attention toward the auditory modality to react 

more rapidly to potential threats [10], [11] 

However, the visual system is susceptible to damage, deficits, and disorders. This section will 

explore the visual field and its defects, specifically visual field defects (VFDs). It will involve describ-

ing the anatomy of the visual system and discussing VFDs, which refer to the condition where vision 

is lost in specific visual field sectors. 

Starting from when reflections, object signals, or light enter our eyes, the optic nerves extend to 

the optic chiasm, a midline cross-point. Through the help of the temporal hemiretina, the optic tract 

processes input data to higher levels, leading to meaningful and interpretable information. Each eye 

receives and processes half of the visual field (hemifield). The nasal hemiretina ensures the processing 

of information from both hemifields, projecting it to the visual cortex of the contralateral hemisphere 

[12]. Figure 1 shows how the two eyes collectively produce the entire visual field. 

 

 

Figure 1. Role of two eyes in the visual field. 'Full Visual Field' by Casey Henley is licensed under a 

Creative Commons Attribution Non-Commercial Share-Alike (CC BY-NC-SA) 4.0 International Li-

cense. 

Indeed, each hemifield spans from peripheral points to the central field, resulting in two equal 

regions where both eyes contribute to viewing each hemifield. Combining the nasal retina from one 

eye and the temporal retina from the other eye collaboratively presents the entire visual field. Figure 

2 provides a simplified representation of this process, visually depicting how the input from each eye 

converges to form a unified visual field. 
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Figure 2. 'Visual Hemifields' by Casey Henley is licensed under a Creative Commons Attribution 

Non-Commercial Share-Alike (CC BY-NC-SA) 4.0 International License. 

Visual deficits can arise from various factors, including underlying medical conditions, injuries, 

or age-related changes. Common visual deficits include myopia (nearsightedness) [13], hyperopia 

(farsightedness) [14], presbyopia (age-related difficulty in focusing on close objects) [15], astigmatism 

(distorted vision due to irregularly shaped cornea) [14], and color vision deficiencies, such as red-

green color blindness [16], and hemianopia [5]. Due to the specific anatomy of the visual system, 

lesions occurring at different locations along the visual pathway led to distinct consequences in visual 

processing. Therefore, understanding the topography of these lesions and their effects is crucial. 

Figure 3 illustrates different sites within the visual system and the corresponding cases of hem-

ianopia. It demonstrates that deficits presented in both eyes can either be entirely monocular or affect 

different parts of the visual field in each eye. 

A typical deficit that involves the loss of vision is hemianopia, which refers to the loss of vision 

in half of the visual field, either on the left or right side. Hemianopia typically occurs due to damage 

to the visual pathways in the brain, often caused by strokes, traumatic brain injuries, or tumors[3], 

[5]. When the primary visual cortex or optic radiation is affected, it disrupts the transmission of visual 

information from the eyes to the brain, resulting in the loss of vision in one-half of the visual field. In 

this case, this visual defect is called homonymous hemianopia (HH) [17]. 
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Figure 3. Schematic of different pathways damages and results in visual deficits. 

Between 52% and 70% of hemianopia patients experience severe neuropsychological and psy-

chological consequences, including cognitive deficits, memory loss, academic performance deficits, 

neglect, disturbances in daily life, and attention deficits [18]. The functional impairment caused by 

hemianopia poses a constant challenge in healthcare research due to its multifaceted effects on daily 

activities and social connectedness. One significant consequence of limited visual acuity resulting 

from reduced visual fields caused by hemianopia is decreased quality-of-life outcomes [19]. In addi-

tion to restricted social engagement opportunities, independent driving becomes nearly impossible 

due to compromised peripheral visual functions, a common issue among these patients. Moreover, 

providing adequate care for individuals with this condition presents significant challenges for care-

givers and close relatives. 

Vision loss and visual deficits have always been intriguing topics in rehabilitation science. Re-

searchers from various disciplines, including neuroscience, neuropsychology, neurology, and engi-

neering, are interested in finding new rehabilitative approaches to improve visual deficits. After a 

brain injury, individuals with visual field disorders constitute one of the largest groups who suffer 

from the consequences [1], [20]. Although it is evident that after clinical situations such as traumatic 

brain injuries, one cannot always fully recover from the pre-injury visual state [21], scientists have 

persistently taken on the challenge of attempting the seemingly impossible. Stroke-induced hemian-

opia, for instance, is believed to resolve spontaneously over time, but after six months, the deficits 

are considered permanent [22]; medication may assist in restoring sight in tumors-related cases, 

though patients with hemianopia often experience permanent vision loss. 
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Recent scientific advancements and research on mammals and humans have shed new light on 

the subject [22]–[26]. Compelling evidence for plasticity within the primary visual cortex indicates 

the potential for visual improvements following a period of visual deprivation. Additionally, studies 

have demonstrated that repeated sensory practice stimulates long-term perceptual learning [27], uti-

lizing experience-dependent plasticity. Consequently, the theory of using training methods to im-

prove visual impairments has gained wide acceptance, leading to further research. 

The visual field constraint of hemianopia has recently garnered significant attention in extensive 

research, particularly regarding treatment options for affected patients. However, despite these find-

ings and their implications for patient care, access to visual rehabilitation services through primary 

healthcare providers remains limited [8], [22], [25]. 

Rehabilitation for hemianopia is a complex and sometimes challenging process. Before discuss-

ing the available treatments, it is important to define and discuss key aspects of rehabilitation in cases 

of visual field loss. Rehabilitation [28] is a process aimed at helping individuals with injuries achieve 

a better or optimal level of physical, social, and practical functioning related to their specific problem. 

The primary goal of rehabilitation is to reduce the impairment experienced by affected individuals. 

In the context of vision, rehabilitation involves attempting to modify the mechanisms and functions 

of the brain and visual system through systematic experiments and practices to restore some or all 

lost visual functionality [28]. 

Among the possible rehabilitative approaches for patients with visual field loss and hemianopia, 

neurological rehabilitation encompasses various forms, such as prism glasses [29] and surgical meth-

ods, which are beyond the scope of this review. On the other hand, neuropsychological rehabilitation 

has gained considerable interest in recent years and has seen significant growth. The success of psy-

chological approaches in rehabilitating language [30], memory [31], and attention [32] have prompted 

researchers to explore applying these methods to patients with vision loss. While there are many 

intriguing results from rehabilitation studies, there are still numerous questions and areas of uncer-

tainty that need to be addressed by scientists to improve the quality of life for patients and potentially 

restore vision. 

As mentioned earlier, brain plasticity plays a crucial role in vision research [33], as the human 

brain is a complex and adaptable organ capable of rewiring and adjusting its connections to maximize 

survival and functionality. Restitutive approaches and compensatory approaches are two popular 

approaches in the field of vision rehabilitation [34]. Restitutive approaches aim to improve or restore 

visual function through targeted exercises, activities, or interventions. These include vision therapy, 

sensory substitution devices, low vision rehabilitation, and perceptual training [8], [34], [35]. Vision 

therapy, also known as orthoptics or vision training, involves a series of eye exercises and activities 

to enhance specific visual skills [36]. Sensory substitution devices utilize technology to substitute im-

paired or missing sensory inputs with alternative sensory information [37]. Low vision rehabilitation 

focuses on maximizing remaining vision through aids and strategies [38]. Perceptual training aims 

to improve visual processing and interpretation skills through exercises targeting specific aspects of 

visual perception [39]. 

While these restitutive approaches have their merits, they often do not directly address brain 

reorganization or the establishment of new connections. They may only be suitable for some due to 

their cost and availability. In contrast, compensatory approaches meet these criteria; therefore, when 

restitutive approaches are not available, compensatory approaches are recommended. Compensa-

tory approaches can also be helpful when used in combination with restorative training. Along with 

expanding the visual field, these approaches can enhance visual exploration within the blind field. 

By optimizing eye movements and attentional strategies, compensatory techniques can help individ-

uals improve their ability to navigate and perceive objects in the blind field [34], [40]–[42]. 

To understand the effectiveness of various practices for patients with hemianopia, a review of 

scientific literature from 2000 to 2023 was conducted. The search focused on major scientific data-

bases, employing selection criteria to ensure the relevance and quality of the studies included in the 

review. The primary interest was in psychophysical interventions such as visual search, audio train-

ing, visual training, and eye-movement training while excluding clinical approaches like lenses or 

brain stimulation techniques. 
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2. Method 

Following a comprehensive search and selection procedure, a total of 26 papers that met our 

predefined criteria were identified. Our search encompassed studies focusing on hemianopia and its 

treatments, utilizing databases such as PubMed, EMBASE, PsychINFO, Scopus, and Clinical trials. 

The PRISMA protocol was followed throughout to ensure transparency and rigor. The findings from 

our research endeavor are depicted in Figure 4, providing a visual representation of the outcomes 

obtained. 

 

Figure 4. Schematic of the literature search and article selection. 

These studies have explored various interventions targeting individuals with hemianopia, yield-

ing valuable insights into their efficacy—the comprehensive review and profound understanding of 

the current landscape of non-clinical interventions for hemianopia.  

3. Results 

Julkunen et al. [43] and Bolognini et al. [44] employed computer-based designs and sensory 

stimulations as training techniques. Their findings demonstrated notable improvements in static and 

kinetic perimetry, with significant differences between baseline and training sessions. Additionally, 

Bolognini et al. reported significant post hoc comparisons. Building upon these studies, Poggel et al. 

[35] implemented Visual Restoration Training (VRT), observing an expansion in the visual field size 

accompanied by enhancements in certain cognitive factors. Similarly, Leo et al. [45] conducted 
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experiments involving visual and auditory stimulation, leading to reduced localization error and su-

perior improvements in the blind field compared to the intact hemifield. 

Incorporating Visual Control Training followed by audio-Visual Training, Passamonti et al. [46] 

discovered a substantial increase in visual detection and perceptual sensitivity in one of the cases 

relative to the others. They also noted improved accuracy in the triangle test among subjects and 

advancements in visual exploration and reading capabilities. Simultaneously, Nelles et al. [47] inte-

grated eye movement training with physical and occupational therapies, although they reported a 

stable visual field defect with no discernible differences in the size of visual field defects following 

the training. Keller and Lefin-Rank [48] engaged patients in audio-visual exploration and separate 

audio-visual or visual stimulation training. Their results indicated significant improvements in de-

tected targets, reading time, search time, saccade amplitude, and daily activities. Patients exhibited a 

46% increase in the detection rate of target stimuli, with the audio-visual group demonstrating 

greater overall improvement across all outcome variables. 

Continuing the trajectory, Hayes et al. [49] and Lewald et al. [50] conducted studies utilizing 

NVT vision rehabilitation and audio-visual training, respectively. Hayes et al. observed improve-

ments in target missing and quality of life, while no significant change in the visual field was noted. 

Conversely, Lewald et al. found an increase in visual detection and hemifield alongside visual space 

compression on the intact side compared to the anodic side. Bahnemann et al. [51] employed a fixed-

base driving simulator to assess reaction time and speed in detecting hazardous parameters. They 

also employed a reading text application under various settings to evaluate and enhance reading 

abilities. Over time, improvements were observed in patients' reading time and visual field, although 

no significant change in right hemifield vision was detected. 

In subsequent years, Ten Brink et al. [52], Dundon et al. [53], and Tinelli et al. [54]delved into 

unimodal auditory, visual, and multisensory and cross-modal audio-visual training, respectively. 

Their results highlighted improvements in saccade performance across the entire visual field, atten-

tional allocation in daily activities, visual exploration in the blind field, and an enhanced quality of 

life scale. sahraie et al. [55] employed NeuroEyeCoach™ and observed improved reaction times for 

cancellation tasks, reduced visual search times, and positive scanning outcomes. Similarly, Grasso et 

al. [56] conducted unisensory and multi-audio-visual sensory training, which led to improved visual 

search in audio-visual scenarios, enhanced fixation, oculomotor performance, and increased accu-

racy. 

Subsequent works by Tinelli et al. [57], Rowe et al. [58], and Ivanov et al. [59] incorporated a 

combination of visual and acoustic stimuli, Fresnel prisms, visual search training, and standard care. 

These studies revealed significant improvements in visual detection rates within the affected hemi-

field, eye movement enhancement, and improved visual function. Furthermore, improvements in 

reading abilities, reading speed, visual function, search times, saccade amplitudes, and reduced num-

ber of saccades to locate targets were observed. 

Additional investigations by Smaakjær et al. [60], Pineda-Ortíz et al. [61], Casco et al. [62], and 

Svaerke et al. [63] encompassed open-label examinations utilizing vision therapies, Visual Neu-

rorehabilitation Therapy (NRT), and computer-based cognitive rehabilitation (CBCR). These studies 

demonstrated significant improvements in visual performance, enlargement of the visual field, ocu-

lar movements, reading abilities, and visuospatial symptoms post-stroke. 

Three non-mutually exclusive hypotheses have been proposed regarding the expansion of the 

visual field in individuals with posterior cortical brain lesions. The first hypothesis suggests that neu-

rons near the lesion can increase or shift their receptive fields to respond to stimuli in the transition 

zone. The second hypothesis postulates that islands of spared neurons within the damaged visual 

cortex can reorganize their connectivity, augmenting their response strength. Lastly, the third hy-

pothesis proposes that residual vision can be achieved through alternative pathways directly project-

ing to higher visual areas, such as the lateral geniculate nucleus to the middle temporal area. 

For a comprehensive overview of the studies mentioned above, refer to Table 1, which provides 

detailed information. 
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 1 

 2 

# Ref Y number of pa-

tients 

subject description Technique Parameters Environ-

ment 

Outcome/s 

1 [64] 2003 5 patients chronic stroke pa-

tients 

computer-based 

design 

 not men-

tioned 

static and kinetic perimetry improve-
ment 

2 [2] 2005 8 patients PT's with chronic 

visual field defects 

participated in the 

study 

sensory stimu-

lations were 

used 

three stimuli were presented: 

unimodal visual, unimodal au-

ditory, and crossmodally visuo-

auditory. 

presenting a visual target in dif-

ferent spatial positions within 

120 trials and some targets with-

out visual stimuli 

hemianopia hemifield was more 

intensively stimulated than the 

intact hemifield 

Laboratory 

setting 

the difference between the baseline 
and each training session was signifi-
cant 
Significant post-hoc comparisons 
were reported 

3 [65] 2008 19 patients subjects with dam-

age to the retina or 

optic nerve disor-

ders 

VRT  not men-

tioned 

visual field size is increased; also 
some cognitive factors were im-
proved 

visual field size increased, 

4 [45] 2008 12 patients hemianopia with 

more than 2 

months after diag-

nosis or incident 

visual and au-

ditory stimula-

tion, unimodal 

auditory condi-

tion, unimodal 

visual catch-

trial, and cross-

 Laboratory 

setting 

decrease localization error, improve-
ment in the blind field was better than 
intact hemifield, 
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modal condi-

tion 

5 [66] 2009 12 patients 

and 12 control 

subjects 

patients with 

chronic visual 

field deficits due 

to a postchias-

matic lesion 

Control Visual 

Training and, 

subsequently, 

Audio-Visual 

Training. 

Audio-Visual Training com-

prised systematic audio-visual 

stimulation of the intact and af-

fected visual fields for 4 h daily 

over 2 weeks 

Laboratory 

setting 

Visual detection and perceptual sensi-
tivity significantly increased in one of 
the cases compared to the other. 
The accuracy significantly improved 
in the triangle test between subjects. 
Compared to S1, the daily life activi-
ties were significantly reduced. A sig-
nificant reduction in the length of the 
scan bath 

improvement in ocular exploration 
characterized by fewer fixations and 
refixations, quicker and larger sac-
cades, and reduced scan path length 

Reading was improved 

6 [67] 2009 8 as the main 

and 12 control 

group 

All patients had 

complete or nearly 

complete hemian-

opia 

eye movement 

training and 

physical and 

occupational 

therapies 

two daily training sessions of 30 

min each for a total of 4 weeks 

All patients also received 90 min 

daily of complementary physi-

cal and occupational therapy to 

facilitate the transfer of compen-

satory visual strategies into 

ADL functions 

clinical-lab 

settings 

stable visual field defect 
No differences in the size of visual 
field defects were found after the 
training. 

7 [68] 2010 20 patients patients with ei-

ther left- or right-

sided visual 

field deficits 

audio-visual ex-

ploration train-

ing 

visual and acoustic 

stimuli, 48 red light-emitting di-

odes (LEDs), and piezoelectric 

loudspeakers were positioned in 

3 rows at different angles, and 

in a dimly 

illuminated 

room 

significant improvements after audio-
visual training for the number of de-
tected targets in the visual explora-
tion test, reading time, search time, 
amplitude and number of saccades in 
the EOG, and total score on the ques-
tionnaire of activities of daily living. 
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the same apparatus for visual 

exploration training 

the detection rate of target stimuli im-
proved by about 46% in patients 

8 [69] 2010 20 patients left or right visual 

field deficits after 

a stroke 

Patients were 

randomly as-

signed to sepa-

rate groups per-

forming either 

audio-visual or 

visual stimula-

tion training (20 

sessions, each 

lasting 30 

minutes). 

 lab settings 

/ clinical 

environ-

ment 

compensatory eye movement train-
ing,  
greater improvement for all outcome 
variables for the audio-visual group 

9 [70] 2012 13 patients patients with hem-

ianopia 

NVT vision re-

habilitation 

over a 3-month 

intervention 

 laboratory 

setting 

Target improvements were missing 
improvement in their quality of life, 
but the visual field was not improved 
significantly. 

10 [71] 2012 10 patients chronically 5 

months after the 

first stroke 

audio-visual 

training 

 controlled 

environ-

ment 

increasing visual detection, increas-
ing hemifield 

 in visual detection 

11 [72] 2013 10 patients 

and 10 control 

chronically 6 

months after le-

sion or diagnosis 

audio-visual 

stimuli, includ-

ing acoustic 

stimuli with 

visual target 

 controlled 

environ-

ment 

visual space is compressed on the in-
tact side compared to the anopic side 
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12 [73] 2015 14 patients homonymous 

hemianopia 

a fixed-base 

driving simula-

tor by testing 

RT and speed 

while detecting 

a hazardous pa-

rameter 

 lab with 

simulator 

The low-performance group missed 
more hazardous objects than the 
high-performance group, but there 
were no changes in the HP and con-
trol groups. Reaction times in the 
blind hemifield (patients) and right 
hemifield (healthy controls) differed 
significantly between the groups. 
Healthy controls reacted significantly 
faster in the right hemifield than ei-
ther the HP. 

13 [73] 2015 33 patients reading text appli-

cation 

using a reading 

text application 

in different set-

tings to evalu-

ate their read-

ing and im-

prove it 

 Home-

based train-

ing 

reading right showed improvement in 
time. Improvement in the visual field 
of patients over time. 
no significant change in right hemi-
field vision 

14 [74] 2015 8 patients at least 26 months 

after the lesion 

unimodal audi-

tory, bimodal 

coincident spa-

tially and tem-

porally, bi-

modal dispar-

ate 

 lab settings saccade improvement in patients in 
the intact field, 

15 [75] 2015 8 patients hemianopia with 

minimum 3 

months after the 

lesion 

visual and mul-

tisensory train-

ing 

 controlled 

environ-

ment 

daily improvement of attentional allo-
cation and visual exploration in the 
blind field improves the quality of 
life scale. 
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16 [76] 2015 3 patients chronically 1 or 

more than one 

year after the le-

sion 

unimodal vis-

ual, unimodal 

auditory, cross-

modal audio-

visual training 

 controlled 

environ-

ment 

 

17 [77] 2016 32 patients either left or right 

homonymous 

hemianopia 

NeuroEye-

Coach™ 

 lab settings improvement of time (RT) for cancel-
lation task, decreased time in visual 
search, positive outcome in scanning 

18 2016 24 patients either left or right 

homonymous 

hemianopia 

  Home-

based train-

ing 

 

19 [78] 2016 10 patients more than 3 

months after diag-

nosis or lesion 

unisensory 

training, multi-

Audio-visual 

sensory train-

ing, unisensory 

Audio training 

 controlled 

environ-

ment 

visual search improvement in audio-
visual search, improving fixation and 
oculomotor performance, increased 
accuracy 

20 [79] 2017 3 patients the first subject af-

ter 3 months of 

stroke, the second 

subject was with 

HH on the right 

side, the third sub-

ject with partial 

left HH 

visual and 

acoustic stimuli, 

audio-visual 

stimulation 

a plastic arch-shaped device 

fixed horizontally on the table 

surface, two horizontal rows of 

visual stimuli (LEDs) for a total 

length of 192 cm, height of 32 

cm, and thickness of 1.2 cm in 

which the instrument covered 

180 Degrees as the entire visual 

field. Training includes 12 visual 

stimuli (24 LEDs) with a diame-

ter of 0.5 and 12 acoustic stimuli 

Laboratory 

setting 

significant improvement in visual de-
tection rates in the affected hemifield 
in both the Fixed-Eyes Condition, im-
proved eye-movement pre and post-
conditional, and improved visual de-
tection in hemifield. The percentage 
of responses to audio-visual stimuli 
in the hemianopia hemifield im-
proved 
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21 [80] 2017 87 patients stable hemianopia 

patients 

Fresnel prisms, 

30—visual 

search training, 

and 30—stand-

ard care 

 not men-

tioned 

change in visual field area; improving 
reading abilities in both speed and ac-
curacy; 
Visual function improved at 26 weeks 
in the visual search training arm com-
pared to other interventions. 

22 [81] 2018 22 patients – 

Kids 

different reasons 

such as perinatal 

ischemia, tumor, 

stroke, hemi-

spherectomy, 

hemiatrophy 

computer-based 

visual search 

training (VST) 

for children 

trained at home for 15 minutes 

twice/day, 5 days/week, for 6 

weeks. 

Home-

based train-

ing 

search times (STs) decreased signifi-
cantly during the training and all 
search performance tests. This im-
provement persisted 6 weeks after the 
end of the training. Saccade ampli-
tudes increased, the total number of 
saccades to find the target decreased, 
and the proportional number of sac-
cades to the non-seeing side in-
creased. During free viewing, sac-
cades were equally distributed to both 
sides before and after training 

23 [82] 2018 24 patients adult stroke pa-

tients 

efficacy open-

label investiga-

tion using vi-

sion therapies 

techniques 

one lesson a week for 12 weeks 

carried out by an optometrist 

and a vision therapist. Between 

lessons, patients were to train at 

home for a minimum of 15-20 

min daily. 

Laboratory 

setting 

Significant improvements in visual 
performance were measured for all 
test parameters from the baseline to 
the evaluation after the last lesson of 
vision training. Tracing test results 
improved, reading speed in words in-
creased, peripheral awareness of vis-
ual markers improved 

24 [83] 2018 1 patient visual area seizure Visual neu-

rorehabilitation 

therapy (NRT) 

administered for 3 hours each 

week 

Laboratory 

setting 

ocular movements improved, visual 
search became more organized, the 
reading reached a level without mis-
takes, with rhythm and goog intona-
tion 
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25 [84] 2018 10 patients   Trained in detecting low con-

trast Gabor patches randomly 

presented in the blind field, 

which refers to regions of 0 dB 

sensitivity, and along the hemi-

anopia boundary between abso-

lute (0 dB) and partial blindness 

(>0 dB) 

Laboratory 

setting 

NRT led to significant visual field 

enlargement (≈5 deg), and the re-

stored area acquired new visual 

functions such as small letter 

recognition and perception of 

moving shapes; for some patients, 

NRT also improved detection, ei-

ther aware or not, of high contrast 

flickering grating and recognition 

of geometrical shapes entirely 

presented within the blind field. 

26 [85] 2019 14 patients patient with a his-

tory of stroke 

computer-based 

cognitive reha-

bilitation 

(CBCR) 

visuospatial neglect or homony-

mous hemianopia in the sub-

acute phase of the following 

stroke 

Hospital- 

no natural 

ecology 

CBCR improved visuospatial symp-
toms after a stroke 

3 
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The main focus of the practices we have examined is how to apply this training to real-life situ-

ations and the daily activities of our participants. Studies have addressed this issue, emphasizing the 

need to extend the assessment of training effectiveness to patients' everyday lives. As indicated in the 

tables of reviews and references to these practices, 25 out of 26 practices mentioned are based on 

clinical and laboratory settings. This lack of connection to the real environment often results in par-

ticipants not utilizing their compensatory aids. 

Most of the papers we mentioned show improvements in reading, target identification, object 

detection in noisy environments, and reaction times. However, enhancing full cognitive interaction, 

including multi-domain reactions, is crucial. Kerkhoff and colleagues (1994) demonstrated that com-

bining compensatory search training with real-life exercises, such as locating objects at home, yields 

more naturalistic improvements in search performance than in laboratory settings. This is because a 

broader visual field enhances visual search abilities. Methods like prisms are less effective than other 

approaches because they correct the input to the visual system rather than train it. A study by [58] 

comparing prism glasses, visual search, and standard care in hemianopia patients showed that prism 

glasses are neither superior nor inferior to other cases. It is important to note and include this in our 

review when discussing real-world contexts. However, prisms are not designed to train the visual 

system to improve its function but to compensate for eye muscle weakness, align the eyes, and help 

maintain comfortable vision. 

Research by [29] using prism glasses on 23 participants demonstrated that two-thirds of the pa-

tients showed improvement of approximately 22 degrees in both the upper and lower quadrants. 

This suggests that utilizing an apparatus that includes a natural environment is beneficial. However, 

a remaining question is whether the same results would persist if the users stopped using the glasses. 

To date, there is no research on this topic. The primary goal of restoration therapies should be to 

achieve permanent improvement in the visual search rather than relying on temporary or device-

based solutions. Despite various techniques and practices, no "standard" strategy for restoring visual 

loss exists. This lack of a standardized approach is mainly due to the initial belief that visual deficits 

are mostly permanent and irreversible. 

None of the reviewed practices are based on ecological and high-level vision therapies. Instead, 

they primarily focus on low-level vision therapies. While some Virtual Reality practices in the early 

1990s were marketed for vision improvement and restoration, subsequent findings revealed that the 

benefits outweighed by cost and outcome measures. As demonstrated and described in the results 

table, current research heavily relies on laboratory experiments to treat hemianopia cases. To provide 

a more realistic and improved opportunity, there should be an increase in cases involving 3D envi-

ronments (either the real world or 3D or VR). 

A study by [86] indicated that a group of hemianopia patients who performed well in a simulator 

environment did not perform as well in other tests, including lab settings. This confirms that while 

positive outcomes are observed in laboratory experiments, these improvements are not guaranteed 

in the natural world, and there is a possibility of lower performance. The study also revealed that 

patients have fewer opportunities for exploration in a realistic environment than healthy participants. 

This emphasizes the importance of a more authentic environment for better results and increased 

exploration opportunities, rather than relying on screens or controlled environments like labs or 

rooms. Notably, they mentioned that "the LP group was unaware of its poor performance," suggest-

ing that while positive changes may be observed in laboratory settings, comparing them to a natural 

environment may not provide accurate results and could lead to misleading conclusions. 

The real environment is inherently more complex and requires higher visual processing than 

laboratory settings, which primarily focus on low and mid-level visual systems. Therefore, it is crucial 

to practice in a way that necessitates additional adaptation of visual exploratory behavior. Imple-

menting VR, 3D, or real environments can provide a much closer approximation of reality than de-

tecting lights in a dimly lit room. 

In the naturalistic simulation setting, patients with hemianopia demonstrate high performance 

characterized by adapted visual exploratory behavior, including increased amplitude and peak ve-

locity of saccades, wider distribution of horizontal eye movements, and a shift of overall saccade 
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distribution into the blind field [73]. This aspect has been explored in tasks involving free viewing, 

as seen in studies such as [87]. 

During tasks, patients with hemianopia, for example, encounter difficulties in target-object iden-

tification when presented with non-target situations, exhibiting repeated saccades and fixations on 

the same object. This leads to longer search times and unsystematic scan paths [88], [89]. Their fixa-

tions predominantly dwell in their intact hemifield, and their saccades need to be more regular, ac-

curate, and smaller to enable rapid and organized scanning. Consequently, they may overlook objects 

or relevant parts of a scene in their blind hemifield. These consequences are more evident in an envi-

ronment with natural objects like a street than a monitor screen, which imposes a higher cognitive 

load. Given the controllability of the environment, practicing in real-world scenarios can promote 

more systematic exploration. Patients can adapt themselves to the natural world through such train-

ing. In a laboratory environment with a screen, the number of cognitive elements involved in the 

practice is much smaller than the active cognitive domains engaged in a natural or VR environment. 

Several studies and theories, such as [75], [85], [90], [91], have discussed this matter, suggesting that 

visual blindness affects other domains, leading them to adopt compensatory visual search strategies 

in the seeing hemifield. 

Head movement is another significant factor to consider in comparison to lab settings. Studies 

like [92] have shown that successful visual search is associated with head movements. For instance, 

providing patients with more opportunities to explore can improve their visual exploratory abilities 

in driving experiments or street walks. In most laboratory experiments, except for eye-tracking fixa-

tion, participants are engaged in tasks with minimal head movements. A study conducted by [93] 

comparing explorative saccade and flicker training demonstrated that explorative saccade training 

specifically improves saccadic behavior, natural search, and scene exploration in the blind field. 

Flicker-stimulation training, on the other hand, does not enhance saccadic behavior or visual fields. 

In a randomized controlled trial, the findings revealed significant benefits of compensatory explora-

tion training, including subjective improvements in mastering daily activities. 

A study utilizing fMRI data by [94] indicates that eye movement training induces plasticity in 

different brain regions by activating areas such as Brodmann 17 and 18. Their data reveals that 

healthy participants did not exhibit significant changes in these areas, highlighting the importance of 

eye movements. Most laboratory settings where patients with hemianopia undergo training involve 

fixation, a fixed head position, and minimal eye movements across different regions. By implement-

ing broader training approaches involving VR, 3D, or real environments, we can activate these areas 

more effectively, facilitating patients' recovery in different brain regions and promoting increased 

cognitive activation. 

Statistical studies in the natural sciences demonstrate that object boundaries often consist of vis-

ual elements that are nearby, continuous across intersections, or form smooth contours. Our visual 

system attempts to predict the typical features of an object in a natural scene. Based on geometric 

segmentation and cognitive influences, certain elements within the same context can be interpreted 

as either background or recognized objects. 

Priming a stimulus can enhance the perception of the stimulus and the environment when exe-

cuted correctly. Thus, combining cognitive features with natural scenes and adapting geometrical 

characteristics can improve neural coding in the visual system. This process can involve transient 

activity during specific modulations, subsequently influencing decision-making or contributing to 

long-term memory formation. For instance, consider practicing visual exploration with a hemianopia 

patient performing a task involving recognizing a traffic light at an intersection. Combining audio-

visual cues, such as associating sounds with colors or lights, or vice versa, associating colors with 

sounds, can create an exploratory factor. In both cases, fostering long-term memory formation can be 

beneficial, as vision somewhat relies on memory. 

It is worth noting that most current research primarily focuses on the lowest level of vision, 

encompassing local contrast, movement, and orientation. However, the real world extends beyond 

these fundamental aspects and incorporates high-level vision, including object recognition. When a 

scene and its shapes are presented to our vision, object recognition allows us to match objects with 

our memories and associate them with meaning. Therefore, vision is crucial in guiding body 
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movement to elicit appropriate responses and actions. As previously mentioned, although retrieving 

vision from this foundational level is necessary, neglecting the broader scope of the scene, which 

involves high-level vision, can result in the loss of memories, dissociation of details, and difficulties 

after vision loss. 

In cases of vision loss, most neural activities in the affected areas cease and do not occur. Each 

point in the visual field undergoes processing in multiple levels of channels that extract and analyze 

different aspects of visual input. Since many current strategies are based on experimental designs 

such as psychopy and psych toolbox, they often involve simple backgrounds and limited experi-

ments. Consequently, these approaches fail to activate high-level visual systems, weakening neural 

activities in those areas. By incorporating wider training applications, including VR, 3D, or real envi-

ronments, we can more effectively activate these areas, aiding patients in recovering different brain 

functions and promoting increased cognitive activation. 

3. Conclusion 

In conclusion, this study has examined the challenges and potential in rehabilitating visual field 

defects, particularly hemianopia. We have discussed the limitations of conventional approaches fo-

cusing primarily on low-level vision therapies conducted in laboratory or clinical settings. While 

these approaches have shown positive outcomes in specific visual skills, they often fail to address the 

complexities of real-world environments and higher-level vision processes. 

During our analysis, we deliberately chose to exclude the works of Huxling et al. This decision 

was based on their consistent avoidance of using the term "hemianopia" and instead referring to it as 

"cortical blindness." However, it is important to acknowledge that Huxling et al. have significantly 

contributed to the field. Their extensive studies on training techniques in hemianopia, as demon-

strated in their works [24], [26], [95]–[100], offer valuable insights and potential avenues for further 

investigation into hemianopia, despite their differing terminology. 

A growing body of research emphasizes the integration of natural and ecologically valid envi-

ronments in visual rehabilitation to overcome these limitations. Several studies in this review have 

demonstrated the benefits of utilizing virtual reality (VR), three-dimensional (3D) settings, or real-

world scenarios to enhance visual recovery. 

For instance, Kerkhoff and colleagues (1994) conducted a study in which patients with hemian-

opia performed a search task in a real home environment. They found that training in a naturalistic 

setting resulted in more natural improvements in search performance compared to a laboratory set-

ting. This suggests that widening the field of exploration and practicing in environments that resem-

ble real-life situations can lead to more effective rehabilitation outcomes. 

Furthermore, studies have shown that incorporating audio-visual associations and priming 

stimuli can enhance visual perception and facilitate memory integration. For example, associating 

auditory cues with a traffic light can create an exploratory factor that links sound with color or light, 

enabling patients to better perceive and respond to real-world stimuli. This approach, which engages 

both low-level and high-level visual processes, promotes comprehensive and enduring improve-

ments in visual function. 

Moreover, research has demonstrated that VR and 3D environments can stimulate neural plas-

ticity in different brain regions. Studies by Tinelli et al. (2017) and Rowe et al. (2017) have shown that 

visual training in immersive environments significantly improves visual detection, eye movements, 

and visuospatial symptoms. These findings underscore the potential of incorporating ecologically 

valid environments to activate and reorganize neural circuits associated with visual processing. 

While the current research landscape provides valuable insights into the benefits of real-world 

and higher-level vision approaches, it is crucial to establish a standardized strategy for visual loss 

restoration. Nevertheless, the evidence suggests that adopting a comprehensive and ecological ap-

proach to visual rehabilitation can enhance visual recovery, improve daily functioning, and restore 

the quality of life for individuals with visual field defects. 

In conclusion, integrating natural and ecologically valid environments, VR, 3D settings, and cog-

nitive interactions into visual rehabilitation shows great promise in improving the outcomes of 
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patients with visual field defects. By acknowledging the limitations of traditional approaches and 

embracing a holistic and adaptive framework, we can empower individuals to regain their visual 

abilities, successfully navigate real-world environments, and reintegrate into society. Continued re-

search and development in this field are essential to refine further and expand the effectiveness of 

visual rehabilitation techniques, ultimately enhancing the lives of individuals affected by visual field 

defects. 
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