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Abstract 

Purpose. Adaptation to blindness can lead to the enhancement of the attentional capacities 

and working memory in young people. However, although the effects of ageing on the 

cognition of sighted people and people with age-related visual impairments are well-

documented, no study seems to have investigated the age-related changes of these cognitive 

processes in people who are blind. The aim of this study was to assess the effects of age on 

the attentional processes and working memory in blind people.  

Method. A cross-sectional study was conducted on 43 blind participants and 42 sighted 

participants. The participants performed auditory computerized tests assessing selective, 

sustained and divided attention, attentional switching and working memory.  

Results. Two-way analyses of variance revealed significant visual status effect and age effect 

on most of the variables studied. No interaction was found between visual status and age 

effects. 

Conclusions. These results suggest that the trajectories of cognitive age-related change are 

similar in blind people and in sighted people. This study has implications for rehabilitation, 

such as cognitive intervention. 
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1. Introduction 

There is a consensus that normal ageing leads to the decline of certain cognitive processes, 

such as selective attention, sustained attention, divided attention, attentional flexibility and 

working memory [1, 2], involved in most everyday activities. Hence, age-related cognitive 

decline can lead to difficulties in everyday situations, for example in crossing the street [3] 

and in dual task situations [4] and can, therefore, result in a reduction in social participation 

[5]. 

According to a World Health Organization analysis, more than 80 % of blind people in the 

world are aged 50 and over [6]. Old people therefore make up an important part of the blind 

population. Consequently, the effects of ageing on the cognitive functioning, the mobility and 

the social participation of blind people constitute an important issue, since such people 

experience restrictions which go beyond the consequences of ageing.  

However, little is known about cognitive ageing in blind people. Nevertheless, cognitive 

processes are important for the achievement of everyday activities without vision, such as 

navigation, which involves an important attentional effort [7-10]. Furthermore, attentional 

processes (selective, sustained and divided attention) and working memory have shown to be 

enhanced in young blind people [9, 11-14]. With ageing, a decrease of mobility is observed in 

blind people [15-17] but it is unknown whether this decrease could be related to a cognitive 

decline. The issue of age-related cognitive decline in blind people is all the more important as 

to maintain the cognitive capacities is more crucial for the everyday functioning in old people 

with a sensory impairment than in old people without sensory impairment [18]. 

On the contrary, the age-related visual impairment has been the focus of a large number of 

studies. The negative effects of the age-related visual impairment on the cognitive 
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functioning [19-23] the mobility [24-26] and the social participation [27] are well 

documented. 

The paucity of data about the cognitive ageing of blind people may be due to a lack of 

available neuropsychological tests adapted for use without the visual modality [28-30]. In the 

studies conducted on the cognition of people with age-related visual impairment, tests were 

adapted either by modifying the visual items (magnified or with a reversed contrast [19]) or 

by removing the visual items (for example in the MMSE-blind [20, 31] or in the MoCA-B 

[23]) depending on whether the people tested were partially sighted or not. However, the 

suppression of the visual items might decrease the sensibility and the accuracy of the tests 

[19], highlighting the need to use tests which do not involve the visual modality.  

Furthermore, most of the tests adapted to be used on people with a visual impairment are 

screening tools, which can efficiently detect a cognitive deficit (such as mild cognitive 

impairment or dementia) [19], but they are not sensitive enough to provide the cognitive 

status of people with no pathological cognitive impairment, such as a normal age-related 

cognitive decline. The objective of this study was to assess the effects of age on performance 

in tasks assessing selective, sustained and divided attention, attentional flexibility and 

working memory in blind and sighted people. The hypotheses were that the performances of 

blind participants would be better than those of sighted participants and that the performances 

of younger participants would be better than those of older participants.  

2. Methods 

2.1. Sample selection and recruitment 

A cross-sectional study with 43 blind participants and 42 sighted participants was conducted. 

Blind participants were recruited via an advertisement published by associations for people 

with visual disabilities and by word of mouth. The inclusion criteria were: absence of any 

neurological or sensory-motor impairment (except for visual impairment in the case of blind 
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participants), habitual, independent mobility outside the home (with a white stick or a guide 

dog for blind participants), and living independently. The study was approved by the 

IFSTTAR Research Ethics Committee and participants provided written informed consent 

prior to participation. 

2.2. Participants 

Eighty-five people participated in the study. Twenty seven of them were blind adults aged 

under 50 years (50- blind group); 16 participants were blind adults aged over 60 years (60+ 

blind group); 24 were sighted adults aged under 50 years (50- sighted group) and 18 were 

sighted adults aged over 60 (60+ sighted group). The etiology of visual impairment in blind 

participants varied, and blind participants had no useful vision (light perception or less). The 

verbal portion of the Wechsler Adult Intelligence Scale - Revised (WAIS-R [32]) was used to 

determine that there was no significant difference in verbal intellectual functioning (verbal 

IQ) between the groups (F(3, 81) = 0.569, p = 0.637). Table 1 provides a description of the 

groups. 

Insert table 1 about here 

2.3. Procedure and materials 

The experiment was conducted in a quiet room and lasted 90 to 120 min. Sighted participants 

were blindfolded during testing. 

Participants were assessed with the set of computerized auditory tests detailed in our previous 

publication [14]. This set of tests consists of a selective attention test, a sustained attention 

test, a divided attention test, a simple reaction time test, and an auditory version of the Plus-

minus task [33] to assess attentional switching. Working memory was assessed using an 

auditory version of the N-back test and the Digit span subtest of the WAIS-R [32]. The Digit 

span subtest was presented orally by the experimenter. Delivery of the stimuli in the other 

tests, programmed using SuperLab Pro software (version 2.04), was auditory and carried out 
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by computer. The tests and the dependent variables (mainly scores, which correspond to the 

number of correct responses and reaction times) are described briefly in table 2. 

Insert table 2 about here 

3. Results 

All statistical analyses were conducted using SPSS (IBM SPSS Statistics 22). Performances 

(scores and reaction times) were statistically analyzed with two-way analyses of variance 

(ANOVA) using a design with two between-subject factors: visual status (blind/sighted) and 

age group (50- /60+). Differences at a level of 0.05 were considered significant. Means and 

standard deviations for each of the performance measures for the four groups and results of 

the ANOVAs (mean effects and interaction effects) are shown in table 3.  

Insert table 3 about here 

Selective attention test. A two-way ANOVA on the scores obtained in the selective attention 

test revealed a significant main effect of visual status (F(1, 83) = 4.110, p = 0.046), and a 

significant main effect of age group (F(1, 83) = 15.295, p = 0.000). However, the analysis did 

not reveal a significant interaction effect between visual status and age group (F(1, 

83) = 1.265, p = 0.264). A two-way ANOVA on the false alarm number did not reveal a 

significant main effect of visual status (F(1, 83) = 2.464, p = 0.120) but a main age effect 

emerged (F(1, 83) = 4.544, p = 0.036). The analysis did not show a significant interaction 

between visual status and age group (F(1, 83) = 0.393, p = 0.532). A two-way ANOVA on 

the reaction times revealed a significant visual status main effect (F(1, 83) = 11.729, 

p = 0.001) and an age group main effect (F(1, 83) = 40.420, p = 0.000), but no significant 

interaction effect between visual status and age group (F(1, 83) = 1.694, p = 0.197). 

Sustained attention test. A two-way ANOVA on the scores demonstrated a significant main 

effect of visual status (F(1, 83) = 6.912, p = 0.010), but it did not reveal a main effect of age 

group (F(1, 83) = 3.521, p = 0.064) or an interaction effect between visual status and age 
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group (F(1, 83) = 0.833, p = 0.364). A two-way ANOVA on the reaction times revealed a 

significant visual status main effect (F(1, 83) = 9.117, p = 0.030) and a significant age group 

main effect (F(1, 83) = 25.633, p = 0.000). However no significant interaction effect between 

visual status and age group (F(1, 83) = 0.556, p = 0.458) was found. 

Divided attention test. A two-way ANOVA on the scores obtained in the first task revealed 

significant main effects of visual status (F(1, 83) = 13.320, p = 0.000) and age group 

(F(1, 83) = 9.840, p = 0.002), but no interaction effect appeared between visual status and age 

group (F(1, 83) = 0.920, p = 0.340). A two-way ANOVA on the reaction times obtained in 

the first task revealed significant main effects of visual status (F(1, 83) = 18.092, p = 0.000) 

and age group (F(1, 83) = 17.750, p = 0.000) but no interaction effect between visual status 

and age group (F(1, 83) = 2.559, p = 0.0.114). A two-way ANOVA on the scores obtained in 

the second task did not reveal a significant main effect of visual status (F(1, 83) = 0.000, 

p = 0.997), or of age group (F(1, 83) = 0.273, p = 0.603), or any an interaction effect between 

visual status and age group (F(1, 83) = 1.135, p = 0.290). 

N-back test. A two-way ANOVA on the scores obtained in the 0-back condition did not 

reveal a significant main effect (F(1, 83) = 0.520, p = 0.473) of either visual status or age 

group (F(1, 83) = 0.077, p = 0.782). Nor was there any interaction effect between visual 

status and age group (F(1, 83) = 0.373, p = 0.543). However, a two-way ANOVA on the 

reaction times obtained in this 0-back condition revealed a significant visual status main 

effect (F(1, 83) = 4.147, p = 0.045) and a significant main effect of age group (F(1, 

83) = 11.213, p = 0.001). No interaction effect between visual status and age group was 

found (F(1, 83) = 0.372, p = 0.544). 

A two-way ANOVA on the scores obtained in the 1-back condition did not reveal a 

significant main effect of visual status (F(1, 83) = 0.164, p = 0.687). A significant main effect 

of the age group did, however, emerge (F(1, 83) = 3.949, p = 0.050). The analysis did not 
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reveal a significant interaction between visual status and age group (F(1, 83) = 2.234, 

p = 0.139). A two-way ANOVA on the 1-back reaction times revealed significant main 

effects of visual status (F(1, 83) = 9.939, p = 0.002) and age group (F(1, 83) = 23.342, 

p = 0.000) but no interaction effect between visual status and age group (F(1, 83) = 0.002, 

p = 0.968). 

A two-way ANOVA on the 2-back scores did not reveal a significant visual status main 

effect (F(1, 83) = 0.108, p = 0.744). However it did reveal a significant main effect of age 

group (F(1, 83) = 17.302, p = 0.000). The analysis did not reveal a significant interaction 

effect between visual status and age group (F(1, 83) = 2.387, p = 0.126). A two-way ANOVA 

on the reaction times obtained in the 2-back condition revealed significant main effects of 

visual status (F(1, 83) = 8.298, p = 0.005) and of age group (F(1, 83) = 22.197, p = 0.000) but 

no interaction effect between visual status and age group (F(1, 83) = 0.140, p = 0.709). 

A two-way ANOVA on the scores obtained in the 3-back condition did not reveal a 

significant main effect of visual status (F(1, 83) = 2.760, p = 0.101). However, a significant 

main effect of age group was observed (F(1, 83) = 13.584, p = 0.000). No interaction effect 

appeared between visual status and age group (F(1, 83) = 0.268, p = 0.606). A two-way 

ANOVA on the reaction times obtained in the 3-back condition did not reveal a significant 

visual status main effect (F(1, 83) = 3.084, p = 0.083), an age group main effect (F(1, 

83) = 2.700, p = 0.104), or an interaction effect between visual status and age group (F(1, 

83) = 0.843, p = 0.361). 

Digit span. A two-way ANOVA on the forward span did not reveal a significant main effect 

of visual status (F(1, 83) = 0.067, p = 0.796), but a significant main effect of age group was 

found (F(1, 83) = 3.976, p = 0.050). No interaction effect between visual status and age group 

was observed (F(1, 83) = 1.532, p = 0.219).  
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A two-way ANOVA on the backward span revealed significant main effects of visual status 

(F(1, 83) = 7.425, p = 0.008) and of age group (F(1, 83) = 8.254, p = 0.005), but no 

interaction effect between visual status and age group (F(1, 83) = 0.304, p = 0.583). 

Standard age scores were calculated by adding the scores obtained in the two conditions and 

converting this obtained score based on the age of the participants. A two-way ANOVA on 

the standard age scores did not reveal a significant main effect of visual status (F(1, 

83) = 1.818, p = 0.181), or of age group (F(1, 83) = 0.329, p = 0.568), or an interaction effect 

between visual status and age group (F(1, 83) = 2.939, p = 0.090). 

Plus-minus task. A two-way ANOVA on the cost of switching obtained in the plus-minus 

task did not reveal a significant main effect of visual status (F(1, 83) = 0.171, p = 0.680), of 

age group (F(1, 83) = 0.294, p = 0.589) or an interaction effect between visual status and age 

group (F(1, 83) = 0.038, p = 0.845).. 

Simple reaction time test. A two-way ANOVA on the reaction times obtained revealed a 

significant visual status main effect (F(1, 83) = 4.266, p = 0.042) and a significant age group 

main effect (F(1, 83) = 47.737, p = 0.000), but no interaction effect between visual status and 

age group was found (F(1, 83) = 3.175, p = 0.079). 

Discussion 

The aim of this study was to examine the effects of age on performance in tasks assessing 

selective, sustained, divided attention, attentional flexibility and working memory in blind 

and sighted people.  

Visual status effects were found: blind participants achieved better performances than sighted 

participants in many of the measured variables. Blind participants obtained higher scores and 

had faster reaction times than sighted participants in the selective attention test, in the 

sustained attention test and in the first task of the divided attention test. These results are 

consistent with those obtained in previous studies in which blind people achieved better 
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performances than sighted ones in tasks assessing selective, sustained and/or divided 

attention [9, 11-14]. When working memory was measured, blind participants were faster in 

the 0-, 1- and 2- back conditions of the n-back task, and their backward spans were greater. 

These results confirm those obtained in our previous study [14] in which blind people 

achieved better performances than sighted ones in the same tests assessing working memory. 

Contrary to our previous study [14], in which blind participants and sighted participants aged 

less than 50 years did not exhibit significantly different reaction times in the simple reaction 

time test, the blind participants in the present study displayed faster reaction times than the 

sighted ones. However, in the present study, the reaction times obtained by the 50- blind 

group (270.9 SD 69.1) and the 50- sighted group (275.7 SD 70.7) were comparable with a 

difference of just 5 ms., although reaction times obtained by the 60+ blind group (358.1 SD 

50.9) and those of the 60+ sighted group (423.5 SD 114.0) differed by more than 60 ms. 

Therefore even if there was no significant interaction, the visual status main effect seems to 

relate more to the two 60+ groups’ reaction times than to the reaction times of the two 50- 

groups. Globally, the results confirmed our hypothesis that the performance of blind 

participants would be better than that of sighted participants.  

Concerning the age effect, the 50- participants obtained better performances than the 60+ 

participants in most of the measured variables. The 50- participants obtained higher scores 

and had faster reaction times than the 60+ participants in the selective attention test and in the 

first task of the divided attention test, and they were faster and tended to have a higher scores 

in the sustained attention test. In tasks assessing working memory, the 50- participants 

responded faster and had higher scores than 60+ participants in the 1- and 2-back conditions 

of the n-back task, responded faster in the 0-back condition and had higher scores in the 3-

back condition. They also had greater forward and backward spans. In the simple reaction 

time test, the 50- participants exhibited faster reaction times than the 60+ participants. These 
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results are consistent with the literature on cognitive ageing stating that normal ageing leads 

to the decline of cognitive processes [1, 2], and confirmed our hypothesis that younger 

participants would have better performances than older participants. Although the old 

participants in this study were relatively young (the mean ages of the two 60+ groups were 

under 66 years), age effects were demonstrated, suggesting that the tests used are sensitive 

enough to detect a moderate cognitive decline.  

The age-related decline of attention seems not more or less marked in blind people, as it is 

suggested by the absence of interaction between the visual status and age effects. Other 

studies have shown that people with age-related visual impairment obtained lower 

performances in cognitive tests than sighted people of the same age, suggesting that cognitive 

decline is more marked in old people with an age-related visual deficit [34-36]. In the present 

study, the old blind participants obtained higher performances than sighed ones. This 

suggests that ageing with blindness does not, therefore, have the same effects on cognition as 

dealing with a visual impairment in the course of ageing. A possible explication could be that 

the cognitive decline and the visual decline of people with an age-related visual deficit may 

share common biological causes [37]. In the contrary, the visual impairment of blind people 

(who are blind before be old) is not caused by an ageing processes but by ocular illness or 

injuries. Hence, people with an age-related visual impairment would be a part of the 

population particularly affected by the age-related cognitive decline.  

Otherwise the results obtained from visually impaired people in tests involving visual items 

may due to visual rather than cognitive aspects [34]. Indeed, studies conducted on people 

with a visual impairment [38] and on people with a simulated visual impairment [39, 40] 

have stressed the importance of using cognitive tests which are not vision dependent to assess 

people with visual impairments. This issue would be handled with a cognitive assessment in 

people with an age-related visual impairment with the tests used in the present study.  
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The results of the present study show that blindness leads to an attentional improvement, 

even in people aged more than 60. The blind participants included in this study were 

accustomed to being independently mobile outside of the home. As only a third of blind 

people enjoy autonomous mobility [41], these participants could be considerate as a high-

level sample of the blind population, with over capacities. We can hypothesize that their 

higher performances compared to the sighted participants may be due to this independence, 

which can be consider as a cognitive training. Indeed, navigating without vision is an activity 

cognitive costly. As standard cognitive trainings, navigating without vision is an activity 

which i) involves cognitive stimulations, ii) includes positive reinforcements (let to have a 

social participation, the satisfaction to be autonomous), iii) can be performed with gradual 

difficulty steps, completed when an expertise level is reached (from in a short, simple and 

known itinerary, accompanied, to in a complex, long and unknown itinerary, independently). 

Adaptation to a visual impairment is a dynamic mechanism. People who have been blind for 

a longer time are, for example, more likely to have adapted from a psychological point of 

view (i.e. have a greater acceptance of vision loss, be less depressed, enjoy better social 

support) than people whose visual impairment is more recent [42, 43], even if adaptation to 

visual impairment can involve several cycles of grieving and acceptance [44] and depends on 

the coping strategies used by people [45]. Further investigations using longitudinal studies 

are required to determine how cognitive adaptation (i.e. the improvement of selective, 

sustained, divided attention and working memory) occurs over time in people who are blind 

and how ageing-related changes take place. In addition, longitudinal studies would avoid the 

generational bias potentially present in the present study [46].  

With ageing, blind people suffer of a decrease of mobility [15-17], which can result in less 

cognitive stimulations. As cognitive abilities have been found to be related to everyday 

functioning in ageing [47], particularly in people with age-related visual impairment [48], a 
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cognitive training intervention could be a promising possibility for the rehabilitation of aged 

blind people and let them to be autonomous as long as possible. In the field of the mobility, 

cognitive interventions have been conducted on sighted old people with a view to improving 

their gait [49, 50]. However, only physical interventions seem to have been attempted to 

improve the gait of people with visual impairments [51].  

Other types of intervention can also be considered when dealing with the effects of ageing in 

blind people. For example, since optimized social participation is related to the preservation 

of cognitive functioning [52] and functional autonomy [53], improvement of the social 

participation of people who are blind could be another encouraging approach. Being engaged 

in social activities is a means of cognitive stimulation and can attenuate age-related cognitive 

decline [54] and therefore preserve functional autonomy.  

Conclusion 

Our study appears to be the first piece of research which assesses cognitive functioning in old 

blind people. The results suggest that people who are blind follow a similar age-related 

cognitive trajectory to that of sighted people. The study underlines the need to study 

cognition and its links with everyday functioning throughout the entire lifespan. It also 

provides possibilities, such as cognitive intervention, for the rehabilitation for people who are 

blind. 
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Table 1. General characteristics of the four groups 

 Means (SD; range) 

 
50- blind group 

(n = 27) 
60+ blind group 

(n = 16) 
50- sighted group 

(n = 24) 
60+ sighted group 

(n = 18) 

Age (years) 35.0 (7.8; 18-47) 65.9 (5.1; 60-80) 31.4 (8.2; 22-50) 65.4 (7.1; 61-83) 

Gender (female number) 16 7 15 9 

Years of education 14.2 (2.9; 7-18) 11.7 (3.4; 7-17) 14.9 (2.1; 11-20) 10.8 (3.1; 7-16) 

Verbal IQ 109.6 (16.8; 87-140) 106.8 (10.7; 86-126) 105.7 (10.3; 88-127) 105.6 (7.5; 95-120) 

Duration of blindness 26.4 (11.2; 7-47) 31.8 (17.4; 5-72) - - 

 

 

Table 2. Description of the tests used and the dependent variables 

Cognitive function 
assessed 

Test Instructions 
Responses of participants 
(dependent variables) 

Selective attention Selective attention test 
Detect consonants 
among numbers 

Press the space bar (number of 
correct responses and reaction 
times) 

Sustained attention Sustained attention test 

Divided attention Divided attention test 

First task: detect 
consonants; second task: 
detect the number 6 
among consonants and 
numbers 

First task: press the space bar 
(number of correct responses 
and reaction times);  secondary 
task: verbally (number of correct 
responses) 

Attentional 
switching 

Auditory plus-minus 
task [33] 
(3 conditions) 

Condition 1: add 3 to 
each number presented 
Condition 2: subtract 3 to 
each number presented 
Condition 3: alternate 
between addition and 
subtraction 

Verbally, written by the 
experimenter (cost of switching: 
difference between the time 
required to complete the 
condition 3 and the average 
of the times required to complete 
the first two conditions) 

Working memory 

N-back test  
(4 conditions) 

Detect when a consonant 
is the same as the n last 
consonant 

Press the space bar (number of 
correct responses and reaction 
times) 

Digit span subtest of 
the WAIS-R [32]  

Condition 1: repeat a digit 
sequence in the same 
order of presentation 
Condition 2: repeat a digit 
sequence in the reverse 
order of presentation 

Verbally, written by the 
experimenter (forward and 
backward spans and standard 
age scores) 

Simple reaction 
time 

Simple reaction time 
test 

Detect the occurrence of 
a sound 

Press the space bar (reaction 
times) 
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Table 3. Means (standard deviations) for each performance measures of group and results of the ANOVAs (mean effects and their interactions) 

Test 

variable 

Mean (SD) Visual status effect Age group effect Interaction  

50- blind 

(n = 27) 

60+ blind 

(n = 16) 

50- sighted 

(n = 24) 

60+ sighted 

(n = 18) 

 

F value 

 

p value 

 

F value 

 

p value 

 

F value 

 

p value 

Selective 

attention test 
Score (/40)  38.8 (1.1) 35.3 (4.2) 36.6 (3.2) 34.6 (4.1) 4.110 .046 15.295 .000 1.265 .264 

False Alarm number 0.9 (0.9) 1.6 (1.7) 0.7 (0.9) 1.1 (0.6) 2.464 .120 4.544 .036 0.393 .532 

Reaction time (ms) 670.5 (54.9) 768.9 SD 57.4) 731.2 (65.3) 796.2 (51.9) 11.729 .001 40.420 .000 1.694 .197 

Sustained 

attention test 
Score (/120) 112.5 (22.9) 111.1 (11.4) 109.5 (10.6) 107.5 (10.8) 6.912 .010 3.521 .064 0.833 .364 

Reaction time (ms) 681.4 (69.9) 765.6 (63.5) 755.3 (72.4) 798.5 (57.1) 9.117 .030 25.633 .000 0.556 .458 

Divided 

attention test 
First task score (/40) 34.3 (7.7) 31.1 (5.6) 30.6 (5.7) 28.1 (5.2) 13.320 .000 9.840 .002 0.920 .340 

First task reaction time (ms) 743.2 (67.7) 845.0 (62.3) 846.5 (110.4) 891.5 (56.0) 18.092 .000 17.750 .000 2.559 ;114 

Second task score (/8) 6.7 (1.1) 7.2 (2.0) 7.4 (1.0) 6.9 (1.0) 0.000 .997 0.273 .603 1.135 .290 

Auditory N-

back test 
0-back score (/10) 9.9 (0.2) 10.0 (0.0) 9.9 (0.2) 9.9 (0.2) 0.520 .473 0.077 .782 0.373 .543 

1-back score (/10) 9.8 (0.5) 9.8 (0.4) 9.9 (0.2) 9.5 (1.0) 0.164 .687 3.949 .050 2.234 .139 

2-back score (/10) 9.1 (1.6) 6.4 (3.0) 8.2 (1.8) 7.0 (2.1) 0.108 .744 17.302 .000 2.387 .126 

3-back score (/10) 5.7 (1.7) 4.6 (1.4) 5.3 (1.4) 3.8 (1.9) 2.760 .101 13.584 .000 0.268 .606 

0-back reaction time (ms) 530.0 (72.7) 621.4 (71.2) 591.0 (137.7) 654.4 (116.2) 4.147 .045 11.213 .001 0.372 .544 

1-back reaction time (ms) 584.0 (81.1) 673.9 (76.7) 642.3 (101.0) 733.8 (73.7) 9.939 .002 23.342 .000 0.002 .968 

2-back reaction time (ms) 713.9 (124.2) 912.9 (281.3) 838.0 (132.7) 1012.8 (193.2) 8.298 .005 22.197 .000 0.140 .709 

3-back reaction time (ms) 893.8 (220.8) 1014.5 (267.5) 1010.1 (135.6) 1051.9 (233.2) 3.084 .083 2.700 .104 0.843 .361 

Digit span Forward span 7.3 (1.8) 6.3 (1.4) 6.9 (1.2) 6.6 (1.1) 0.067 .796 3.976 .050 1.532 .219 

Backward span 6.0 (1.3) 5.0 (1.6) 5.0 (1.2) 4.4 (0.9) 7.425 .008 8.254 .005 0.304 .583 

Standard age score 14.9 (3.4) 13.4 (3.6) 12.9 (2.1) 13.6 (2.1) 1.818 .181 0.329 .568 2.939 .090 

Auditory plus-minus task   Cost of switching 7.43 (12.1) 8.4 (10.6) 8.1 (11.7) 10.3 (19.5) 0.171 .680 0.294 .589 0.038 .845 
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Simple reaction time test   Reaction time (ms) 270.9 (69.1) 358.1 (50.9) 275.7 (70.7) 423.5 (114.0) 4.266 .042 47.737 .000 3.175 .079 
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Implications for rehabilitation 
 

• Blind people show improved attentional capacities compared to sighted people, even 

in old blind people. 

• Old blind people have lower performances than younger blind people in tests 

assessing selective, sustained and divided attention and working memory.  

• Cognitive approaches to rehabilitation may help people who are blind to deal with 

age-related cognitive decline and its effects on everyday functioning.   

• A high level of cognitive stimulation, provided by a cognitive training or a developed 

social participation, might reduce the age-related effects in people who are blind. 
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show the similarity with previous papers. 
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cognitive adaptation model/hypothesis for 
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further investigations are required. 
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cognitive adaptation hypothesis for discussing the results has 
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result of statistical analysis, so that it was very 

hard to understand the results. Moreover, the part 

of Digit span is not written properly. 

The results of statistical analysis have been added in the 

Table 3 and the part of Digit span in the table 3 has been 
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3. There is a part incorrectly cited in the 

discussion. In the results, reaction times obtained 

in the 3-back condition did not show a significant 

age group main effect (page8, line 25). However, 

in the discussion it was mentioned that the 50- 

participants were faster in the 0- and 3-back 

conditions (page 10, line 28). 

This is effectively an error in the discussion that we 

corrected: “In tasks assessing working memory, the 50- 

participants responded faster and had higher scores than 60+ 

participants in the 1- and 2-back conditions of the n-back 

task, responded faster in the 0-back condition and had 

higher scores in the 3-back condition” 

4. There are a few careless mistakes in the 

references. 

Errors in the references section have been corrected.  

Reviewer #2  

1. It is pretty exploratory, which makes it 

atheoretical. I guess that's not a problem on its 

own, so long as the authors are up front about it, 

but I have to say that the introduction did not 

really tell me where this paper was going at all. 

When I started reading the methods I needed to go 

back up to the abstract to have any idea what the 

point was.question that the authors put forward, 

which is how blind people develop the ability to 

walk independently out of home. 

We restructured the introduction part and we hope that the 

introduction is now clearer. 

2. What are the dependent variables? It is kind of 

hard to judge the quality of research without this 

info. For instance, n-back score of "5.7". Okay? Is 

that simply hits? Are all of these hits? 

The dependent variables have been add in the table 2 which 

describe the tests used.  

The scores correspond to the number of correct responses, 

this has been specified in the Procedure and materials 

section. In the table 3, for each score, the maximal number 

of hits have been had. 
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For Peer Review

Editor  

I would also like you to add a fourth bullet point 

in your section on “implications for rehabilitation” 

which perhaps elaborates on the third point which 

focused on the potential benefits of cognitive 

rehabilitation. 

A fourth bullet has been add: “A high level of cognitive 

stimulation, provided by a cognitive training or a developed 

social participation, might reduce the age-related effects in 

people who are blind.” 

 

We would like to thank again the reviewers for their careful reading and relevant suggestions and we 

hope that this revised version will be clearer. 

The authors 
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