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Abstract 

Background and Objective: Visual information acquired through observation plays a pivotal role in 

learning a movement pattern and motor control. This study aimed to analyze the effect of visual 

deprivation on learning in rats.  

Materials and Methods: The study sample consisted of 12 male rats, divided into three groups. 

Group I consisted of four rats and was considered the control group. Transection of the two optic 

nerves was performed on rats of group II on the seventh day after birth and group III on the seventh 

week after birth to develop the early blind and late blind models, respectively. A T-shaped maze 

device was utilized to evaluate the learning behavior of rats. Rats of groups II and III were blinded by 

the optic nerve surgery. In total, 20 trials per day were conducted for nine consecutive days, in 

which the time and number of correct arm entries were recorded. The ANOVA and Kruskal-Wallis 

tests were employed to analyze the results in SPSS software (version 16.0). A p-value of less than 

0.05 was considered statistically significant.  

Results: There was a significant difference between the three groups regarding the number of correct 

arm entries on days one, three, and seven (P<0.05). There was also a significant difference between 

the three groups regarding how long it took them to enter the target box on days two and three 

(P<0.05). Group III had a lower number of entries to the target box and it took them a significantly 

longer time to enter the target box, compared to the other groups. 

Conclusions: According to the results, visual deprivation may affect the learning of rats during the 

early days; however, their learning levels increased over the following days. Moreover, the early 

blinded rats had a higher level of learning than the lately blinded adult rats and the same level of 

learning as that of the sighted adult rats. 

Keywords: Learning, Rats, T-maze, Visual deprivation 
 

 
Background 
Vision plays a very important role in exploring and 
navigating the environment. Visual information 
acquired through observation plays a pivotal role 
in learning a movement pattern and motor control 
[1]. In the early stages of evolution, synaptic 
connections experience major changes caused by 
the sensory experience; therefore, any change in 
the visual information will have profound effects 
on the performance of neural circuits in the visual 
cortex [2]. 
Currently, over 61,000 children suffer from visual 
impairment. Studies have shown that these children 
fall behind the children with normal eyesight in 
terms of physical and motor activities [3,4]. 
Problems in learning the environment decrease the 
direct and complete environmental perception in 
blind individuals to some extent [5]. According to 
Nakamura [6], blind people walk slower than their 
sighted counterparts since they adopt precautionary 

measures to avoid collisions or falls. However, 
based on the findings of a study, the walking speed 
of the sighted participants with their eyes closed 
(given their visual experience of the laboratory) was 
significantly lower than the walking speed of the 
blind subjects [7].  
Furthermore, the congenitally blind participants had 
less spatial awareness than the sighted and the lately 
blinded participants [8]. However, there are also 
studies and evidence indicating the equal potential 
of the blind in delivering motor performance, 
compared to the individuals with normal eyesight, 
especially when they are offered equal opportunities 
and encouragements. For instance, in the 2016 
Summer Paralympics (Rio, Brazil), four visually-
impaired runners outperformed the sighted runners 
in the 1,500-meter race [5,8]. There is a considerable 
amount of literature on the importance of  
visual information in movement control [9-13]; 
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nevertheless, only a few researchers have addressed 
motor learning in blind individuals. 
According to the bulk of studies on the effects of 
vision on learning and memory among rats, there is 
a direct relationship between accurate spatial 
navigation and visual performance in animals. 
Finding food successfully, reproducing, evading 
predators and hunters, defending habitats, and 
locating positions accurately depend on visual 
information [14]. Based on the findings of a study 
on light deprivation, rats that were grown in total 
darkness outperformed the control group (receiving 
natural light) in the water maze (navigation task) 
[15]. Other studies have pointed to the hindered 
performance of animals caused by growing in total 
darkness [16]. 
 

Objectives 
Based on these contradictory results, this study 
aimed to analyze the effect of a visual deprivation 
period on the spatial learning of rats. 
 

Materials and Methods  

Animals and Preparations  
In total, 12 male rats were randomly divided into 
three equal groups (group I, II, and III). It should 
be mentioned that the four rats in group I were 
used as the control group [17]. Transection of the 
two optic nerves was performed on group II on the 
seventh day after birth and group III on the seventh 
week after birth to develop the early blinded and 
lately blinded models, respectively. The study was 
conducted when the rats were eight weeks old. The 
optic nerve transection protocol was as follows: the 
tissues around the eyeball were bluntly transected 
and dissected under an operating microscope until 
the optic nerve was clearly exposed. Next, a small 
section of the optic nerve was removed from the 
surgical eye to ensure that the optic nerve was 
completely transected (Figure 1) [18].  
Afterward, a T-shaped maze task was conducted 
based on absolute orientation for which the rats 
were trained to turn right at the T-junction. The rats 
were placed in a start box for 30 sec and after that 
were allowed to freely explore the T-shaped maze 
for up to 120 sec until they found the pellets. 
During the entire session, the T-shaped maze was 
placed at the same location in the same testing 
room. It should be mentioned that 20 trials per day 
were conducted for nine consecutive days [5] The 
time and number of correct arm entries were 
recorded.  
 
Apparatus 
The behavioral apparatus was a black wooden T- 
maze. A start box (10 cm in length) opened to the 
 

Figure 1.Optic nerve transection protocol in rats 

 
start stem (35 cm in length × 10 cm in width × 12 
cm in height) of the maze and extended to the 
intersection of two (L and R) goal arms (70.5 cm in 
length × 10 cm in width × 12 cm in height). At the 
end of each goal arm, a plastic cap contained a food 
reward. 

 
Statistical Analysis  
Statistical analyses were conducted in SPSS software 
(version 16.0). The ANOVA was performed with 
the post-hoc Tukey test to compare the three 
groups in terms of the time and number of correct 
arm entries.  

 

Results 
Figure 2 shows the time (S) and the number of 
correct target box entries during nine days of 
training. The results of comparing the groups in 
terms of the number of correct entries showed that 
there was a significant difference among the three 
groups regarding the number of correct arm entries 
in one day (F=6.12, P=0.02). Pairwise post-hoc 
testing showed that these differences were 
significant in groups I and III (P=0.3). In other 
words, group III had fewer correct entries than the 
other groups. On the third day, there was a 
significant difference between groups II and III 
(F=4.53, P=0.04); accordingly, group III had fewer 
correct entries than group II. 
On day seven, group I had a significant difference 
with groups II and III (F=4.75, p=0.03). 
Accordingly, group I had fewer correct entries than 
groups II and III. However, on the other days, 
there was no significant difference regarding this 
variable. At the same time, there was a significant 
difference between the three groups in terms of the 
mean of correct arm entries (F=4.93, P=0.036). 
Comparison of the results revealed that the number  
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                                      Figure 2. a) Number and b) time of correct target box entries during nine days of training 

 
of correct arm entries of group II was greater than 
that of group III.  
Moreover, there was a significant difference among 
the three groups regarding the time it took the rats 
to enter the target box on the second (F=9.52, 
P=0.006) and third days (F=4.23, P=0.047). On the 
second day, the time it took the rats in group III to 
enter the target box was significantly longer than 
that of rats in the other groups (group I: P=0.02, 
group II: P=0.008). On the third day, there was a 
difference between groups I and III regarding the 
time (P=0.049).  
 
Discussion 
This study aimed to investigate the effects of a 
period of visual deprivation on the spatial learning 
of rats. The results showed that, during the first 
days, the number of correct goal box entries in 
group III was lower than that of the other two 
groups; this difference was significant on days one 
and three. Analysis of Figure 2 revealed that from 

day two onwards, more than 50% of the attempts 
of group II to enter the goal box correctly were 
successful. Moreover, this was the case with group I 
on day three and group III from day five onwards.  
The total mean number of successful entry attempts 
in these nine days was found to be significantly 
higher in groups I and II, compared to group III. 
This means that the early blinded rats showed 
greater ability in spatial exploration than rats in 
group III. Moreover, there was a significant 
difference in the time of entry only on days two and 
three. According to the results, on days two and 
three, it took the rats in group III a longer time to 
enter the target box, compared to the other two 
groups. From day five to nine, the difference 
between the groups started to disappear, and the 
performance of the three groups finally reached the 
set upper limit which was 20 successful attempts on 
day nine. 
According to the findings of a study conducted by 
Norimoto and Ikegaya in 2015 on blind rats, the 
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success rate of entering the goal box remained at 
50% after nine consecutive days of practice in the 
T-maze [5]. Their finding was inconsistent with 
those of the present study since they changed the 
orientation of the T-maze randomly for every 
attempt, whereas the path and goal box did not 
change in the present study. In the current research, 
the lately blinded rat (group III) needed longer time 
to enter the target box and also had fewer correct 
entries, compared to the other groups. The results 
of this study are in line with those of previous 
studies which showed that the sighted rats 
performed better than blind rats in spatial learning 
[19-21]. 
In some previous studies, the researchers have 
compared the effect of visual experience on spatial 
learning of rats that were bred in dark and light 
rooms. Based on the results of these studies, the 
rats that were bred in light rooms showed better 
performance in the learning task (water maze). 
However, rats that were bred in dark rooms 
observed the environment during the experiments 
and performed more slowly due to their 
dependence on non-visual cues [17,19,22]. 
Richard et al. (1981) found that early visual 
experience could affect the development of the 
ability to acquire the spatial concept. The rats that 
were grown in a dark environment performed less 
effectively than blind rats and the rats that were 
grown in a light environment [21]. In order to 
investigate the effect of visual experience on learning, 
they used blind rats that had become blind in 
adulthood, similar to the present study (novelty). 
However, in the present study rats were grown from 
infancy to maturity in conditions of absolute 
blindness (group II). In this regard, results of a study 
performed by Melzer et al. in 2007) showed that 
growing up blind has a different effect on CNS 
(central nervous system) than growing up in a 
darkroom or becoming blind in adulthood [17]. 
On the other hand, the result of the present study 
showed that spatial learning was the same and 
even better in the early blinded rats (group II) than 
in the control group. Voller et al. in 2014 
investigated the effects of vision and whiskers on 
coordination of turning and gait parameters. They 
found that long-term loss of vision and whiskers 
increased the use of other motor control 
mechanisms (e.g., muscle tone, coordination of 
posture, and movement), proprioceptive system, 
vestibular, and somatosensory systems in the claws 
which is in line with the results of the present 
study. Voller et al. concluded that whiskers 
compensated for the loss of vision, especially in 
activities that required the coordination and 
maintenance of posture. Moreover, based on their 

results, there was a significant difference between 
blind and sighted rats in unconscious movements 
[23]. These findings indicate that rats with longer 
visual deprivation experienced changes in CNS, 
which boosted sensitivity in their hearing and other 
proprioceptive senses. Therefore, it can be said that 
whiskers significantly enhance the performance of 
rats [24,25].  
One of the most important findings of the present 
study was that having visual experience in 
performing routine tasks could not be effective in 
performing a new task. As a result, the lately 
blinded rats that had not yet developed brain 
adaptation, had low speed and accuracy in learning 
new tasks, compared to group III. This might be 
due to the dependence of rats on visual information 
and their lack of use of other information collected 
through other senses. 
The spatial learning rate was the same in early 
blinded rats as those with normal eyesight which is 
due to their use of other senses to compensate for 
the lack of visual information [26]. There are  
also other contributing factors, including the 
information received by tactile receptors [27] and 
muscles about shape, texture, and stiffness [28] as 
well as the neuro-plastic adaptation that occurs 
throughout the entire cerebral cortex [29].     
 

Conclusions 
Comparison of the findings of this study with those 
of previous studies led to the conclusion that visual 
deprivation affected spatial learning and that rats 
that had lost their vision during infancy showed an 
equal or even better performance than the sighted 
rats during the early days of the experiment. 
However, over time (nine days), there was an 
increase in the rate of their learning, including the 
speed and the number of entries to the goal box. In 
conclusion, the period of visual deprivation was an 
important factor in motor learning and 
performance. However, having visual experience in 
performing routine tasks could not be helpful in 
performing a new task.  
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