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ARTICLE INFO ABSTRACT

Keywords: Background: Although walking without vision seems to carry a high cognitive cost, few studies have measured
visual impairment the cognitive load involved in this activity in blind people. The aim of this study was to assess the cognitive load

mental effort of walking in blind people, using gait analysis, a dual task paradigm and a subjective assessment of cognitive
gait analysis load
simple reaction time task

o Methods: In a quantitative quasi-experimental design, 25 blind adults walked 40 meters. In one trial, participants
subjective assessment

walked normally (control condition). In another, they walked while performing an auditory simple reaction time
task, and in the third trial they walked, performed the simple reaction time task and avoided obstacles. In
addition to the simple reaction time task performance, walking speed was recorded, and participants provided a
subjective assessment of cognitive load after each trial. Performance of participants aged less than 60 years were
compared with those aged over than 60 years.

Results: Walking significantly reduced performance of the simple reaction time task; carrying out the simple
reaction time task while walking significantly reduced walking performance and increased the subjective as-
sessment of cognitive load; and simple reaction time task performance decreased and subjective assessment
increased when obstacles were present. Few significant age effects were found.

Significance: Walking without vision involves a cognitive load that increases when the environment becomes
complex. Each of the three methods used is relevant when assessing the cognitive load involved in walking in
blind people, and could be useful in rehabilitation intervention. The results obtained allowed recommendations
to be suggested for the design of technological mobility devices.

1. Introduction presence of obstacles and route complexity for example) seem to impact

the cognitive cost of walking without vision. Since cognitive overload

A journey on foot is more difficult to accomplish in the absence of
vision: spatial information perceived through non-visual modalities is
less available, less reliable and less precise [1]. In addition, the se-
quential processing of non-visual information [2] and the lack of per-
ceptual anticipation [3] involve a moment-to-moment monitoring of
movement, which requires cognitive processing for walking without
vision, while only perceptual strategies are necessary when walking is
performed by sighted people [1]. Hence, while walking relies mainly on
unconscious and automatic processes when carried out by sighted in-
dividuals, it involves a considerable cognitive load when carried out in
the absence of vision [1]. Furthermore, several external factors (the
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during walking without vision causes misestimation of distances tra-
velled [4], and therefore, can result in accidents or in the person getting
lost, assessing the cognitive load of blind pedestrians is particularly
relevant. Several methods can be used to assess this cognitive load, for
instance measuring variations in gait parameters, such as step speed
[5,71, a dual task paradigm [4,8-13], or through a subjective assess-
ment (for example, the NASA Task Load Index: NASA-TLX [14], de-
veloped for the aeronautical field, which has been used once with vi-
sually impaired participants [15]).

However, most of the studies carried out using these methods in-
volved sighted participants (with a simulated visual impairment
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[8-9,16]), partially sighted participants [10,11], and blind participants
who were not distinguished from partially sighted ones [5,17], [12,15]
or from blindfolded, sighted ones [13]. Nevertheless, simulating a vi-
sual impairment is different from having a visual impairment (for ex-
ample, different experiences when using non-visual information,
learning to use mobility aids), and partially sighted people can rely on
vision as the primary modality for accessing information, which in-
troduces a different spatial behavior from that of completely blind
people [1]. Moreover, the few studies carried out with only completely
blind participants involved a small number of participants, and/or were
conducted over a short distance [6,18,19]. In addition, in our knowl-
edge, few of them took into account the age effects on participant’s
performance and none of them reported information about participant’s
mobility habits.

The main objective of the present study was to assess the cognitive
load of walking in blind people using gait analysis, a dual task paradigm
and subjective assessment. The hypotheses were that 1) walking per-
formance would be decreased and subjective assessment would be in-
creased by the simultaneous performance of a simple reaction time task,
2) simple reaction time task performance would be decreased and
subjective assessment would be increased by walking, and 3) walking
performance and simple reaction time task performance would be de-
creased and subjective assessment would be increased when obstacles
were present. A secondary objective was to investigate the age effects
on participant’s performance, with the hypothesis that performance of
participants aged less than 60 would be higher than the performance of
participants aged over 60 years.

2. Methods
2.1. Study design and participants

This study was conducted using a quantitative quasi-experimental
design. Twenty-five participants aged from 18 to 81 years old
(M = 51.6, SD = 14.9; Table 1) were recruited through advertising in
associations, and word of mouth. None of the participants had any re-

sidual eyesight (or only bright light perception), and they stated they

Table 1
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went outside their homes independently with a white cane 2 to 7 times
per week on average (M = 6.2, SD = 1.6). They stated they had used
their white canes for between 3 and 50 years (M = 22.9, SD = 12.7).
Most of them (21/25) had had at least one Orientation and Mobility (O
&M) training session, the last of which took place between 1 and 44
years before the experiment (M = 20.2, SD = 13.7).

Sixteen participants were aged less than 60 years (M = 43.1,
SD = 10.8). Among them, eight participants were early blind and five
were females. They were blind for 25.9 years (SD = 16.9). Nine parti-
cipants were aged over 60 years (M = 66.9, SD = 6.2); all of them were
late blind and three were females. They were blind for 38.4 years
(SD =17.1).

The study was approved by the IFSTTAR ethical committee and
organized in accordance with the Declaration of Helsinki. Participants
signed a consent form read by the experimenter or used a braille version
of this form.

2.2. Material

The experiment took place in a hangar about 90 m by 13 m in size,
and lasted approximately 60 minutes (min). For the dual task with
obstacles condition, five obstacles of different shapes and sizes, made
from weighted cardboard boxes, were placed along the path.

2.2.1. Video recording

The walking trial sessions were filmed with a video camera (GoPro
Hero3 +), which participants wore on a chest harness, and a JVC Pro
HD camera placed 15m from the end of the path at a height of 6.5m
(Fig. 1). Videoing the experiment permitted the recording of how par-
ticipants negotiated obstacles, coded a posteriori.

2.2.2. Gait parameter recording

During the walking sessions, participants’ gait parameters were re-
corded by the HemiGait system [20]. The system consists of 2 wireless
Inertial Measurement Units (IMU), a pair of wireless rangefinders based
on Ultra-WideBand technology (UWB) and a control unit. 2 IMUs at-
tached to the insteps measure accelerations and angular velocities for

Socio-demographic characteristics and information concerning the blindness of participants.

Age (year) Sex Manual Education duration Age of acquisition of Partially-sighted before being blind ~ Bright light Duration of cane use
laterality (years) blindness (years) (late blind people) perception (years)

49 M R 14 37 no yes 11
63 M R 17 10 yes no 50
19 M A 15 0 - no 9
39 F R 17 16 yes yes 12
35 F R 15 0 no 25
58 M R 15 50 yes yes 27
64 M R 8 45 yes yes 20
43 M R 17 33 yes yes 10
43 M R 15 3 - no 33
44 F R 17 14 yes no 30
25 M R 15 13 yes no 15
47 M A 11 0 yes 34
68 F R 15 38 no no 30
44 F R 7 0 no 32
72 F R 9 28 yes no 44
55 M R 17 53 yes yes 5
81 M R 12 61 yes yes 20
65 F R 7 32 no no 33
62 M A 17 42 yes yes 30
50 M A 17 0 - no 12
33 M R 9 1 no 14
50 M L 14 2 - yes 35
65 M R 12 60 yes yes 7
55 F R 17 52 yes yes 3
62 M R 14 30 no no 31

M: male; F: female; R: right-handed, A: ambidextrous, L: left-handed.
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Fig. 2. HemiGait device worn by a participant.

each foot, and 2 UWB rangefinders fixed to the inside of the heel cap-
ture the relative foot distance (Fig. 2). The control unit synchronizes the
wireless network of sensors, and records data on a Secure Digital card at
a sampling frequency of 110 Hz. A data fusion algorithm was developed
in MATLAB to estimate off-line gait parameters using acceleration,
angular velocity and relative foot distance provided by the IMUs.

2.2.3. Simple reaction time task

The simple reaction time task was programmed using OpenSesame
software (version 0.27.4; [21]). The presentation of stimuli and the
recording of responses were performed on a Samsung Galaxy Tab 2 7.0
GT-P3110 tablet computer with the OpenSesame runtime for Android
(version 2.9.7). The tablet computer was held by the experimenter and
connected to a high-frequency transmitter. A high-frequency receiver
connected to an earphone was worn by participants, and another was
connected to the JVC camera. A wireless ring mouse placed on the
index finger of the non-dominant hand of participants was used to re-
cord their responses.

In this task, the number “1” stimulus was auditory and presented
several times with random inter-stimuli intervals of 2500, 3000 or 3500
milliseconds (ms). The participants had to press the wireless ring mouse
as quickly as possible with their thumb each time they heard the sti-
mulus. The stimuli were delivered until participants had finished
walking on the path under the dual task conditions and for 90 s under
the simple reaction time task only condition (SRTA).

2.2.4. Subjective assessment of cognitive load

A subjective assessment of cognitive load was carried out using a
version of the NASA-TLX that was better suited to this study. The NASA-
TLX has already been adapted for other fields (for example the Driving
Activity Load Index; DALI [22]). Like the NASA-TLX, the modified
version is composed of several dimensions. The mental demand of the
original version, which described perceptual and mental activities as

45

Gait & Posture 67 (2019) 43-49

“thinking, deciding, calculating, remembering, looking, searching”, has
been broken down into auditory demand, tactual demand and attentional
demand. The physical demand, performance, and temporal demand di-
mensions of the NASA-TLX have been retained. Finally, the frustration
dimension, which groups together the notions of insecurity, dis-
couragement, irritation, stress and annoyance, has been replaced by the
stress level dimension, which is more specific (for each dimension, the
question participants are asked is presented in a supplementary mate-
rial file). The weighting process was removed, since the NASA-TLX
version without this process (the Raw-TLX) is as sensitive as the NASA-
TLX [23].

2.3. Procedure

After a practice trial, participants performed three walking trials in
counterbalanced order: simple walking task condition (SWT), dual task
condition (DT) and dual task with obstacles condition (DTO). All
walking conditions consisted of walking at a self-selected speed on a
linear path of 40 m with the white cane in the dominant hand. A sound,
the one used for pedestrian crossing traffic signals in France, was
broadcast from the end of the path to allow participants to walk in a
straight line. Participants were informed of the end of the path by a
tactile warning strip placed 3m in front of the loudspeaker that
broadcast the sound.

Prior to all walking conditions except the practice trial, participants
were informed that obstacles might be present on the path, even when
there were no obstacles. They were asked to walk at their usual speed
and avoid bumping into obstacles.

Participants performed the SRTA by standing on the spot, in the
middle of the path and with the sound being broadcast. The task was
performed twice, once before the walking conditions (after a training
session and sound level adjustment), and once afterwards.

For the DT and the DTO, participants were given no instructions
regarding prioritization between the walking task and the simple re-
action time task. However, at the end of the experiment, the partici-
pants had to estimate the percentage of priority they gave to walking
when the two tasks were performed simultaneously.

2.4. Data analyses

For trial duration and response times, performance that were more
than 2.5 standard deviations (SD) from the means of all participants
were replaced by the value corresponding to the mean plus 2.5 SD.

All statistical analyses were conducted using SPSS Statistics 24. The
data from each dependent variable (Table 2) were statistically analyzed
with one-way analyses of variance (ANOVAs) to compare the perfor-
mance of the participants under the different conditions. When the
sphericity hypothesis was not verified (Mauchly test), Pillai's trace
correction was used. Based on significant F values, the Bonferroni test
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Table 2
Outcome variables.

Variables Concerned conditions

Waking performances

Trial duration

Step speed

Simple reaction time task performances
Percentage of correct responses
Response times

Subjective assessment of cognitive load
Scores of each dimension?

Total score of the scale®

SWT, DT, DTO

SRTA!, DT, DTO

SWT, SRTA, DT, DTO

! average of correct responses and response times obtained in the two trials; 2

data presented in a supplementary file; * mean of the dimensions; SWT: simple
walking task condition, DT: dual task condition, DTO: dual task with obstacles
condition, SRTA: simple reaction time alone condition.

was used for the post hoc analyses.

For the DTO, the synchronization of videos, walking parameter re-
cordings, and data from the simple reaction time task allowed for
comparison of step speed and responses in the simple reaction time task
to stimuli presented when an obstacle was negotiated (obstacle situa-
tion: the moment a participant came into physical contact with an
obstacle to when the obstacle was passed) and the remaining time
(between obstacles situation). In addition, the performance of partici-
pants in the first trial and in the third trial (regardless of the conditions
considered) were compared. For these comparisons, Student’s t-tests
were used when data normality was met, and non-parametric Wilcoxon
tests were used if not. For each dependent variable, performance of
participants aged less than 60 was compared to those of participants
aged over 60 years with non-parametric Mann-Whitney U tests.

Differences at a level of 0.05 were considered significant. Effect
sizes, Cohen’s d, for Student’s t-tests and partial eta squared (n,*) for
ANOVAs were calculated [24]. Due to occasional dysfunctions of the
devices used, some data could not be recorded (in these cases, the
number of participants analyzed is specified in the tables).

3. Results
3.1. Walking performance
An ANOVA on trial duration revealed a significant effect of con-

dition (F(2,44) = 22.254, p < .001, n,> = .61; Table 3). Post-hoc
analyses showed that trial duration did not differ significantly between
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the simple walking task condition (SWT) and the dual task condition
(DT; p = .146). However, significant differences were found between
the SWT and the dual task with obstacles condition (DTO; p < .001)
and between the DT and the DTO (p < .001).

An ANOVA on step speed showed a significant effect of condition (F
(2,34) = 16.715, p < .001, npz = .50). Post-hoc analyses revealed
significant differences between the SWT and the DT (p = .016), the
SWT and the DTO (p = .022) and the DT and the DTO (p = .021).

No significant difference was found between the first trial duration
(M = 52.2s; SD = 16.4) and the second trial duration (M = 48.8s;
SD = 13.3; ¢(23) = 1.287, p = .211, Cohen’s d, = 0.26); or between the
step speed in the first trial (M = 0.82m/s; SD = 0,21) and the step
speed in the second trial (M = 0.85m/s; SD = 0,20; t(17) = 0.899,
p = .381, Cohen’s d, =0.18).

3.2. Simple reaction time task performance

An ANOVA on correct responses revealed a significant effect of
condition (F(2,48) = 5.132, p = .010, npz = .18; Table 3). Post-hoc
analyses did not show a significant difference between the simple re-
action time task alone condition (SRTA) and the DT (p = .360), or be-
tween the DT and the DTO (p = .375). However, a significant difference
was found between the SRTA and the DTO (p = .011).

An ANOVA on response times revealed a significant effect of
condition (F(2,48) = 42.999, p < .001, n,> = .64). Post-hoc analyses
revealed significant differences between the SRTA and the DT
(p < .001), the SRTA and DTO (p < .001), and between the DT and
DTO (p = .018).

Concerning the prioritization between the walking task and the
simple reaction time task during the DT and the DTO, participants
stated they had prioritized the walking task at 56.2% (SD = 15,6).

3.3. Comparisons of during obstacle situation and between obstacles
situation

For the DTO, step speed, correct responses and response times at the
simple reaction time task in the obstacle situation were compared to
those in the between obstacles situation. A t-test performed on step
speed revealed a significant difference between the obstacle situation
and the between obstacles situation (t(17) = 9.765, p < .001, Cohen’s
d, = 2.28; Table 4). A Wilcoxon test performed on correct response did
not reveal a significant difference between the obstacle situation and
the between obstacles situation (Z = 1.780, p = .075). A t-test per-
formed on response times revealed a significant difference between the

Table 3
Performances according to condition.
Means (SD, 95% CI) F values p values
SWT SRTA DT DTO
Walking performance
Trial duration (s)’ 43.7 (10.5, [39.1; 48.2]) 45.9 (13.7, [40.0; 51.8]) 54.8 (16.0, [47.9; 61.8]) 22.254 .000
Step Speed2 (m/s) 0.89 (0.20, [0.8; 1.0]) 0.88 (0.22, [0.8; 1.0]) 0.79 (0.19, [0.7; 0.9]) 16.715 .000
Simple reaction time task performance
Correct responses (%) 98.9 (2.3, [98.0; 99.9]) 96.8 (6.6, [94.1; 99.5]) 94.7 (7.5, [91.6; 97.8]) 5.132 .010
Response times (ms) 443.4 (67.9, [415.4; 471.5]) 603.7 (155.1, [539.7; 667.71) 674.6 (163.4, [607.2; 742.1]) 42.999 .000
Subjective assessments of the cognitive load
Total score 1.2 (0.9, [0.8; 1.5]) 1.2 (0.9, [0.8; 1.6]) 1.5 (0.9, [1.1; 1.9]) 1.9 (1.0, [1.5; 2.3]) 19.990 .000
Auditory demand 1.0 (1.2, [0.5; 1.5]) 1.1 (1.1, [0.6; 1.5]) 1.6 (1.3, [1.0; 2.1]) 1.6 (1.3, [1.1; 2.1]) 5.585 .002
Tactual demand 1.0 (1.1, [0.6; 1.5]) 0.78 (0.9, [0.4; 1.2]) 1.2 (1.1, [0.7; 1.6]) 1.8 (1.3, [1.3; 2.4]) 6.185 .003
Physical demand 1.0 (1.1, [0.5; 1.5]) 0.76 (1.0, [0.4; 1.2]) 1.0 (1.1, [0.6; 1.4]) 1.3 (1.3, [0.8; 1.9]) 2.729 .068
Temporal demand 0.96 (1.2, [0.5; 1.4]) 1.4 (1.3, [0.8; 1.9]) 1.5 (1.3, [0.9; 2.0]) 1.8 (1.1, [1.4; 2.2]) 6.747 .000
Performance 4.2 (0.8, [3.9; 4.51) 4.3 (0.7, [4.0; 4.6]) 3.9 (0.8, [3.5; 4.2]) 3.3 (0.9, [2.9; 3.7]) 14.788 .000
Attentional demand 1.9 (1.6, [1.3; 2.6]) 2.2 (1.3, [1.7; 2.8D) 2.6 (1.2, [2.1; 3.1]) 3.0 (1.2, [2.5; 3.5]) 11.383 .000
Stress level 1.3 (1.5, [0.7; 1.9]) 1.3 (1.5, [0.7; 1.9]) 1.6 (1.5, [1.0; 2.2]) 1.6 (1.4, [1.1; 2.2]) 2.597 .059

1

task condition, DTO: dual task with obstacles condition.
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n = 23, ?n = 18, SD: standard deviation, CI: confidence interval, SWT: simple walking task condition, SRTA: simple reaction time task alone condition, DT: dual
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Table 4
Step speed and simple reaction time task performance during the dual task with
obstacles according to obstacle management.

Gait & Posture 67 (2019) 43-49

Table 5
Performances of participants aged less than 60 years and of participants aged
over 60 years.

Means (SD, CI) test values p values Means (SD) U values p values
Between Obstacle 60- participants 60+
obstacles situation (N =16) participants
situation (N=9)
Step speed’ (m/s) 0.84 (0.21, [0.7;  0.63 (0.15, [0.6; t=9.765 .000 Walking performance
0.9]) 0.7]) SWT duration (s) 44.9 (11.7) 42.8 (7.8)! 68.0 423
Correct responses2 96.9 (6.1, [94,4; 93.5(8.8,[89,4;, Z=1.780 .075 DT duration (s) 47.6 (15.6) 41.9 (6.9)! 55.0 .305
(%) 99,4]) 97,61) DTO duration (s) 56.9 (18.2) 52.6 (10.7)! 60.0 417
Response times> 605.7 (137.4, 834.2 (330.0, t=3.937 .001 SWT step speed? 0.85 (0.22)? 0.95 (0.16) 27.0 137
(ms) [546.3; 665.2]) [691.4; 976.9]) (m/s)
DT step speed® (m/  0.85 (0.24)? 0.93 (0.20)* 34.0 .316
! n =18, 2n = 23, SD: standard deviation, CI: confidence interval. s)
DTO step speed? 0.74 (0.21)? 0.85 (0.15)" 26.0 119
obstacle situation and the between obstacles situation (t(22) = 3.937, . @/s) L
, Simple reaction time task performance
p = .001, Cohen’s d, = 0.82). SRTA correct 98.7 (2.7) 99.4 (1.3) 64.0 349
responses (%)
3.4. Subjective assessment of cognitive load DT correct 97.3 (4.3) 95.9 (9:8) 64.0 -349
responses (%)
o DTO correct 94.6 (7.9) 94.7 (7.2) 71.0 .489
An ANOVA on the total score revealed a significant effect of con- responses (%)
dition (F(3,72) = 19.990, p < .001, n,”> = .45; Table 3). Post hoc SRTA response 430.2 (74.8) 467.0 (48.5) 34.0 015
analyses demonstrated significant differences between the total scores times (ms)
obtained in the SRTA and in the dual task (p = .026), and in the DTO DT r(‘*SP;’“Se times  565.4 (142.5) 671.7 (161.0) ~ 41.0 -042
. . g . ms
@ < .001): Slgr.uﬁcant differences were also shown bereen the total DTO response times 6561 (164.4) 7075 (166.1)  53.0 151
scores obtained in the SWT and the DT (p = .001), and in the dual task (ms)
with obstacles (p < .001), and between the total score in the DT and Subjective assessments of the cognitive load
the score in the DTO (p = .010). No significant difference was found STW total score 1.3 (0.8) 0.9 (1.1) 45.5 -068
between the total scores obtained in the SRTA or in the SWT SDI}FT&;‘T:S::W 1'2 Eg'zg (1)'3 823 gg'g '223
(p = 1.000). The results for the different dimensions are presented in a DTO total score 1.9 (0.9) 1.7 (1.2) 62.5 299

supplementary material file.
3.5. Age effects

3.5.1. Walking performance

Mann-Whitney U tests did not reveal significant differences between
the younger participants (aged less than 60) and the older ones (aged
over 60 years) for the SWT duration (U = 68.0, p = .423; Table 5), for
the DT duration (U = 55.0, p = .305), for the DTO duration (U = 60.0,
p = .417), for the SWT step speed (U = 27.0, p = .137), for the DT step
speed (U = 34.0, p =.316), or for the DTO step speed (U = 26.0,
p = .119).

3.5.2. Simple reaction time task performance

Mann-Whitney U tests revealed significant differences between the
younger participants and the older ones for the SRTA response times
(U =34.0, p=.015) and for the DT response times (U = 41.0,
p = .042). However, no significant difference was found for the SRTA
correct responses (U = 64.0, p = .349), for the DT correct responses
(U = 64.0, p = .349), for the DTO correct responses (U = 71.0, p =
.489), or for the DTO response times (U = 53.0, p = .151).

3.5.3. Subjective assessment of cognitive load

Concerning the subjective assessement of cognitive load, Mann-
Whitney U tests did not reveal significant differences between the
younger participants and the older ones for the STW total score
(U = 45.5, p = .068), for the SRTA total score (U = 43.0, p = .054), for
the DT total score (U = 60.5, p = .262) or for the DTO total score
(U = 62.5, p = .299).

4. Discussion
The simultaneous execution of the simple reaction time task sig-

nificantly decreased the step speed of participants and increased their
subjective assessment of the cognitive load; this outcome verified our
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n = 8, %n = 10, SD: standard deviation.

first hypothesis and extends previous findings with partially sighted and
small samples of blind participants [12] to a larger totally blind sample.
The activity of walking significantly increased the response times in the
simple reaction time task and the total score of the subjective assess-
ment of cognitive load, validating our second hypothesis. Taken to-
gether, these results indicate that walking without vision, even in a
straight line, is not an automatic activity, and is based on controlled
processes. When blind people had to process external stimuli while
walking (auditory stimuli or obstacles perceived tactually through the
white cane), they adapt their gait by slowing down in response to the
increase in their cognitive load. In addition, step speed recorded in the
simple walking task condition of the present study (M = 0.89m/s,
SD = 0.20) was comparable to step speed in Nakamura’s study ([18];
M = 0.86 m/s, SD = 0.09), but slower than the speed in the study by
Hallemans et al. ([25]; M = 1,09 m/s, SD = 0,25). However, in the
Hallemans study, participants carried out five practice trials. This could
have given them more confidence and may explain their faster speed.

The presence of obstacles significantly decreased the walking per-
formance, and increased response times in the simple reaction time task
and the subjective assessment of cognitive load. When the dual task
with obstacles condition was analyzed in greater detail, step speed
decreased significantly and response times increased when obstacles
were negotiated. Our third hypothesis was therefore verified, both on a
large scale (condition) and on a smaller scale (obstacles situation).
Hence, this study shows that increasing the complexity of the en-
vironment (with the presence of obstacles) increases the cognitive load
involved in the walking activity of blind people, as was already found
with partially sighted participants [10,11]. These results also suggest
that each one of the three measures used in the present study is re-
levant, and sensitive enough to assess the cognitive load involved in
walking in the absence of vision. More specifically, the subjective as-
sessment of cognitive load seems to be as sensitive as the objective
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measures used, but, in contrast to them, it does not require any material
and has no impact on mobility performance.

The parameters chosen for the simple reaction time task can be
discussed. The first issue concerns the sensory modality targeted by this
concurrent task, which is generally auditory ([10,12]) or tactile
([8,111). Auditory stimuli can interfere with the ambient sounds blind
people use to travel, and tactile stimuli can interfere with vibrations
from the white cane. The auditory modality seemed to be the more
ecological option, since most of the technological mobility aids used by
blind people deliver auditory information (tonal and/or verbal). The
level of difficulty of the concurrent task is also important — it needs to
be difficult enough so as not to be carried out automatically, but not so
difficult that it can result in failure or can interfere too strongly with
performing the mobility task [11]. In the present study, the level of
difficulty of this task seems to have been appropriate, since participants’
performance in the simple reaction time task indicates that this task was
not performed automatically, and since carrying it out while walking
had an impact on mobility without preventing participants from per-
forming the mobility task. Another parameter concerns the level of
prioritization that participants can be asked to provide for each of the
simultaneously performed tasks. In the present study, no instructions
regarding prioritization were given to participants. If participants were
asked to prioritize one of the tasks, it is likely that their performance in
this task would not have declined. This choice was made to ensure that
observations on adaptation for carrying out the simultaneous tasks were
as ecological as possible. The participants reported they had prioritized
the mobility task slightly, and this might explain why the performance
of both the tasks were affected by being carried out simultaneously.

Concerning the age effect, few differences were found between the
younger and the older participants. The younger participants did not
obtain higher performances for the variables related to the walking
task. However, they were significantly faster in the simple reaction time
task when it was performed alone and when it was performed while
walking without obstacles. With the presence of obstacles, the younger
participants were not faster than the older ones in this task. These re-
sults can be explained by the fact that age-related cognitive decline
observed in the simpler conditions might be compensated by experience
when the difficulty was increased. Indeed, the older participants were
blind for twelve years more than the younger ones, inducing a greater
experience in walking without vision. This hypothesis might be con-
firmed by comparing two groups of participants for which the duration
of blindness is controlled.

This experiment presents some limitations concerning the mobility
task. Firstly, the mobility of blind people is not limited to the activities
of walking and avoiding obstacles. Navigation without vision includes
cognitive subtasks such as wayfinding, route learning, storage and
processing of landmarks, and construction of cognitive maps [2,26]. In
addition, walking without vision in an ecological environment is ac-
companied by emotional components [1,27], and these may have been
mitigated in the present study conducted in a protected environment.
This was highlighted by the lack of significant differences between
conditions in the stress dimension of the subjective assessments of
cognitive load. Since stress and emotions increase the cognitive load of
a task [28], greater differences between the different conditions might
have been found in a less protected environment. In addition, as the
different walking trials were done along the same linear path, the
participants had the opportunity to learn it from one trial and use that
knowledge in another. However, the trials were counterbalanced to
control this learning effect, which otherwise seems to have been lim-
ited, as shown by the lack of significant differences of walking perfor-
mance between the first and the last trials. Finally, the distance tra-
velled per trial in the present study was shorter than the distance
travelled in a real pedestrian journey. However, this distance was
greater than those used in the majority of studies in which the step
speed of blind participants was recorded (5m [19]; 10 m [18], or 25m
[17] for example). Nevertheless, these measures needed to be validated
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in a simple and protected environment first, before being used in an
ecological environment.

Considering of the heterogeneity of the participants (especially in
terms of age, age of blindness onset, duration of cane use), and more
generally of the population studied in terms of mobility skills [29,30],
the study of several individual factors is an interesting perspective.
Analyses are required to evaluate whether the cognitive load involved
in walking without vision is different according to personal character-
istics such as blindness onset, mobility habits and cognitive abilities.
Replicating this study with other participants could also be interesting,
to assess whether using a guide dog as a mobility aid or having residual
vision (which concerns 90-95% of legally blind people [1]) impacts the
cognitive load involving in walking differently.

Finally, three measures used in the present study seem to be useful
in the context of rehabilitation and the design of technological mobility
aids. The subjective measurement of cognitive load, which is particu-
larly easy to use, could be used to adapt the difficulty and the duration
of an O&M session to the individual, to compare the effectiveness of
different kinds of O&M training or several technological mobility aids,
or to assess the evolution of the learning level for a technological mo-
bility aid. Secondly, the results obtained allow us to put forward re-
commendations for the design of technological mobility aids. The
comparison of the obstacle situation and the between obstacles situa-
tion revealed that negotiating obstacles decreased the processing of
information in the simple reaction time task and walking speed. This
suggests that when a significant decrease in speed is observed, pro-
cessing of information is less efficient. Moreover, the decrease in step
speed observed in the present study when participants performed the
simple reaction time task demonstrates that responding to simple ex-
ternal stimuli while blind people travel diverts their attention. A tech-
nological mobility aid designed to adapt the complexity, and/or the
frequency, of information provided based on variations in walking
speed would have the least negative impact on the mobility task of the
blind user. Such an aid would provide additional relevant information
(i.e., that cannot be obtained from the white cane or the guide dog [11),
and at the appropriate time (i.e., when the cognitive load of the blind
user is not overloaded). Such a device could also be multimodal and
adapt the delivery method for the information according to the cogni-
tive load of the user at any point. Indeed, spatial information delivered
verbally requires more cognitive load than spatialized audio or touch
for guidance and cognitive map development [1,8], and should pre-
ferably be used when the user is not involved in a complex cognitive
task (for example, negotiating an obstacle, remembering the route to
take or thinking about an alternative itinerary in case of a blocked
road). Thus, such an aid should not distract the attention of the blind
user away from important information coming from the environment
and crucial for his safety.

In conclusion, this study showed, via two objective and one sub-
jective measures, that walking without vision involves a cognitive load
that increases when the environment is made more complex by the
presence of obstacles. Few age effects on performance were found. The
results confirm the relevance of each of the three measures used to
assess the cognitive load involved when blind people are walking. Of
the three measures for the cognitive load, the subjective assessment we
proposed, which is an adapted version of the NASA-TLX. is innovative
in this context and can be easily used during the rehabilitation process
or for technological mobility aids.
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