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Purpose: This study investigated the influence of attention-demanding tasks on gait and measured differences in the temporal, spatial and 
kinematic characteristics between young healthy adults and elderly healthy adults.
Methods: We recruited 16 healthy young adults and 15 healthy elderly adults in this study. All participants performed two cognitive tasks: 
a subtraction dual-task (SDT) and working memory dual-task (WMDT) during gait plus one normal gait. Using the LEGSys+ system, knee 
and hip-joint kinematic data during stance and swing phase and spatiotemporal parameter data were assessed in this study. 
Results: In the elderly adult group, attention-demanding tasks with gait showed a significant decrease in hip-joint motion during the 
stance phase, compared to the normal gait. Step length, stride length and stride velocity of the elderly adult group were significantly de-
creased in WMDT gait compared to normal gait (p<0.05). In the young adult group, kinematic data did not show any significant differ-
ence. However, stride velocity and cadence during SDT and WMDT gaits were significantly decreased compared to those of normal gait 
(p<0.05). 
Conclusion: We determined that attention-demanding tasks during gait in elderly adults can induce decreased hip-joint motion during 
stance phase and decreased gait speed and stride length to maintain balance and prevent risk of falling. We believe that understanding the 
changes during gait in older ages, particularly during attention-demanding tasks, would be helpful for intervention strategies and improved 
risk assessment.
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INTRODUCTION

Human gait is a well-recognized biometric feature and refers to sys-

tematic, rhythmic and coordinated movements of limb and trunk 

during locomotion.1,2 Gait control requires complex interactions be-

tween the nervous system and musculoskeletal system to maintain 

balance and stability during bipedal forward propulsion of the human 

body.1-3 Many regions of the brain are concerned with gait function, 

such as the premotor cortex, basal ganglia, and cerebellum.4-7 In addi-

tion, there are several brainstem locomotor centers, including the sub-

thalamic nuclei, the mesencephalic, and pontine locomotor regions, 

which produce autorhythmic lower limb patterns during gait.4-8 The 

basic gait pattern is generated by an automatic process of the central 

pattern generator.5,9 However, various gait conditions also need atten-

tional performance and cognitive processing.10-12 

Neuromuscular system changes resulting from advanced age 

commonly cause decreased mobility and daily activity.2,13 In partic-

ular, age-related changes in gait have been reported by many previ-

ous studies.2,13-17 It is well known that decreased muscle activation 

and lower limb range of motion (ROM) during gait are commonly 

induced by decreased muscle strength, stability and flexibility of 

joint motion as a result of aging.2,14-17 On the other hand, there is as-

sociation between the decline in cognitive function and the changes 

in gait pattern in elderly adults.10,18,19 Abbott et al.19 suggested that 

limited gait function was significantly associated with preclinical 

dementia in older adults. Consequently, decline of gait function in 
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older adults can occur from difficulty associated with attention-de-

manding tasks due to cognitive limitations of aging. 

Gait analysis during dual-task conditions is commonly used to 

assess capabilities during attention-demanding task.20 It is known 

that the capability to complete attention-demanding tasks is influ-

enced by changes in cognitive capacities associated with aging.11,12 

Therefore, dual-task conditions during motor task performance can 

determine the interaction between cognitive processing and motor 

behavior.20 Numerous studies have reported on the influence of at-

tention-demanding tasks on temporal and spatial gait parameters 

in various patient populations and healthy adults.11,12,20-22 In particu-

lar, when performing the gait under dual-task conditions, elderly 

adults with a history of falls showed decreased gait velocity and in-

creased gait variability, compared to non-fallers.23-25 Consequently, 

dual task walking conditions could be a useful method to measure 

the relationship between cognitive ability and gait.10,23

Therefore, the purpose of this study was to investigate the impact 

on gait and the strategy of gait to maintain balance and prevent risk 

of falling according to an attention-demanding task on gait by as-

sessing the difference in temporal, spatial and kinematic character-

istics and gait variability between healthy young adults and healthy 

elderly adults.

METHODS

1. Subjects
Thirty-one normal healthy subjects were recruited in the current 

study: fifteen elderly adults (> 60 years of age) and sixteen young adults 

(20-29 years of age) at Dankook University. This study set the inclusion 

criteria as follows: 1) no history of musculoskeletal and neurologic 

problems, 2) independently performing activities of daily living (ADL) 

and gait, 3) no cognitive problems like dementia (mini mental state ex-

amination, MMSE >23 score)(Table 1). Exclusion criteria for this study 

were as follows: 1) participants had MMSE ≤ 23 score, 2) participants 

who have previously been diagnosed with the musculoskeletal and 

neurologic problems. There were no participants who were excluded 

by exclusion criteria in two groups. This study provided informed con-

sent to all participants and the study was approved by the institutional 

review board in Dankook University.

2. Measurements
(1) Cognitive function evaluation 

This study evaluated the cognitive function using MMSE for recruit-

ing participants. MMSE was composed to eleven items under the 5 

main titles and assessed as the total score of 30. The current study con-

ducted evaluation using MMSE that translated into Korean. We set 

that the threshold value was 24 score. 

(2) Gait measurement 

This study measured the kinematic and spatiotemporal parameters of 

gait using a LEGSys+wearable device (BioSensics, Cambridge, Massa-

chusetts, USA). Five wearable sensors (5.0cm × 4.2cm ×1.2cm) contain-

ing tri-axial gyroscopes, accelerometers, and magnetometers were 

connected to a computer by Bluetooth.26-28 Each sensor was attached 

by Velcro straps as follows: 1) the anterior surface of 3cm above the an-

kle in both shin, 2) anterior surface of 3cm above the knee in both 

thigh, 3) the low rear center of the posterior superior iliac spine (PSIS). 

This study set that sampling frequency was 100Hz. Participants were 

instructed to walk a 7m walkway, which contained five or more strides. 

Each stride’s characteristics were measured when they performed the 

gait. This study obtained kinematic data and spatiotemporal data from 

the mid-three strides and excluded the first and last strides. We mea-

sured ROM of knee and hip joints during stance and swing phases re-

spectively, and stride length, stride velocity, step length and cadence 

during the walking task. These parameters were defined as follows: 

stance, the entire period while the foot is on the ground, swing, the 

time which the foot is in the air for advancement, stride length, the dis-

tance between one heel contact (starting position) and next same-side 

heel contact (starting position), stride velocity, the velocity during one 

heel contact to the next same-side heel contact, step length, the dis-

tance from one heel contact to opposite-side heel contact, cadence, the 

total number of full cycles taken within a given period of time.

Table 1. Demographic data of elderly and young adult group

Old (n=15) Young (n=16)

Age (yr) 65.9 (4.4) 21.6 (1.7)

Gender (Male/Female) 8/7 8/8

Weight (kg) 64.1 (9.3) 62.6 (12.9)

Height (cm) 161.2 (6.2) 167.8 (10.3)

MMSE (score) 27.1 (0.7) 27.6 (0.9)

Values show mean (±standard deviation).
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3) Dual-task

This study measured the gait while performing two different dual-task 

conditions for the attention-demanding task. The two dual-task condi-

tions were as follows. First, in a subtraction dual task (SDT), participants 

performed arithmetic (such as serial subtraction) based on the one of 

the items in MMSE during the gait.23 This study instructed to serially 

subtract by seven or nine from a given number and randomly provided 

the number 100 and 200 to prevent learning effects. Second, in a work-

ing memory dual task (WMDT), participants were instructed to speak 

the reverse of a date randomly provided by the experimenter while they 

were walking (e.g., 17 January 2018 → 2018 January 17).21 All participants 

were instructed to perform two different dual-task conditions during 

gait and one normal gait condition at a self-selected comfortable speed. 

Participants repeated each walking task condition three times.29 

3. Experimental procedure

Participants were instructed to begin in a standing position at the 

starting line and then perform gait at a given signal like “start”. They 

were instructed to continually perform the dual-cognitive task until 

they arrived at the finish line. This study randomly presented numbers 

and dates for SDT and WMDT to participants during the experiment. 

At this time, participants were instructed to keep walking while per-

forming the given dual tasks. They were also asked to stop when they 

arrived at the finish line regardless of signal and remain in a standing 

position like the starting position. This study measured three trials for 

every condition. If they gave up the task or stopped the gait during the 

experiment, the trial of experiment was excluded. Participants went 

back to starting line and were retested. 

4. Statistical analysis
SPSS software (ver. 20.0, SPSS, Inc., Chicago, IL, USA) was used to ana-

lyze the data. A Shapiro-Wilk test was used to normality test. This study 

used one-way analysis of variance (ANOVA) with LSD post-hoc to 

compare the changes between each of the three conditions per group. 

Independent t-test was used to compare the difference of kinematic, 

spatiotemporal parameters and gait variability between the elderly adult 

and young adult groups. Statistical significance was set at 0.05.

RESULTS

1. Kinematic parameters
Kinematic analysis of knee and hip joints during gait were shown in 

Table 2 (Figure 1). In the elderly adult group, SDT gait and WMDT 

gait showed a significant ROM decrease in the hip joint during stance 

phase, compared to the normal gait (p < 0.05). In contrast, the young 

adult group did not show any significant difference in knee and hip 

ROM between attention-demanding tasks (SDT and WMDT) with 

gait and normal gait (p> 0.05). In the normal gait condition, there were 

significant differences in knee and hip-joint ROM between the young 

adult and elderly adult groups during stance phase, the elderly adult 

group showed significant decrement in hip-joint ROM and a signifi-

cant increment in knee-joint ROM compared to those of the young 

adult group (p < 0.05). However, there were no significant differences 

in ROM between young and elderly adult groups during swing phase 

(p> 0.05). 

Table 2. Comparison of kinematic between elderly and young adult groups

Old Young

Swing knee
(deg)

Swing hip
(deg)

Stance knee
(deg)

Stance hip
(deg)

Swing knee
(deg)

Swing hip
(deg)

Stance knee
(deg)

Stance hip
(deg)

Normal 41.15 (7.93) 17.78 (6.21) 14.88 (6.31) 16.55 (2.90) 38.81 (6.04) 20.41 (7.78) 9.82* (3.22) 18.70* (5.01)

SDT 37.86 (11.81) 17.70 (6.40) 13.73 (7.11) 14.67 (3.40) 37.09 (6.74) 18.36 (7.81) 9.06 (3.50) 18.19 (4.98)

WMDT 36.69 (12.42) 17.10 (6.58) 13.65 (7.29) 14.20 (4.05) 37.35 (6.26) 18.22 (7.74) 9.08 (3.51) 17.70 (5.23)

F 1.248 0.146 0.231 3.453 0.685 0.800 0.513 0.310

p 0.292 0.865 0.794 0.036 0.507 0.453 0.601 0.734

N vs.C1 0.245 0.960 0.520 0.040 0.267 0.296 0.380 0.684

N vs.C2 0.117 0.682 0.493 0.011 0.345 0.266 0.396 0.430

C1 vs.C2 0.679 0.719 0.966 0.602 0.866 0.944 0.977 0.701

Values show mean (±standard deviation), Post-hoc values show p-value (p<0.05), N: normal gait, C1: subtraction dual task (SDT), C2: working memory dual task 
(WMDT), *significant difference between elderly adult group and young adult group.
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2. Spatiotemporal parameters 
In the elderly adult group, stride length, stride velocity and step length 

were significantly decreased in WMDT gait compared to normal gait 

(p < 0.05)(Table 3). However, SDT gait did not show any significant dif-

ference in spatiotemporal parameters compared to normal gait 

(p> 0.05). In the young adult group, stride velocity and cadence during 

SDT and WMDT gaits were significantly decreased compared to nor-

mal gait (p < 0.05). Comparisons between the young adult and elderly 

adult groups showed significant differences in stride length, stride veloc-

ity and step length (p < 0.05), however, there was no difference in ca-

dence between young and elderly adult groups (p> 0.05). 

Table 3. Comparison of spatiotemporal parameter between elderly and young adult groups

Old Young

Step length 
(m)

Stride 
length
(m)

Stride 
velocity
(m/s)

Cadence

Step length
(m)

Stride 
length
(m)

Stride 
velocity
(m/s)

Cadence

Left Right Left Right

Normal 0.62 (0.09) 0.64 (0.06) 1.26 (0.13) 1.17 (0.20) 111.09 (11.65) 0.72* (0.08) 0.71* (0.10) 1.43* (0.17) 1.39* (0.18) 117.06 (4.94)

SDT 0.55 (0.13) 0.59 (0.08) 1.14 (0.19) 1.00 (0.29) 102.89 (19.27) 0.68 (0.08) 0.67 (0.08) 1.34 (0.15) 1.23 (0.19) 109.41 (9.40)

WMDT 0.52 (0.12) 0.58 (0.09) 1.10 (0.19) 0.93 (0.28) 99.52 (18.85) 0.67 (0.06) 0.67 (0.07) 1.34 (0.12) 1.24 (0.14) 110.83 (6.86)

F 2.728 2.627 3.548 3.463 1.847 1.831 1.281 4.770 4.770 4.966

p 0.077 0.084 0.038 0.041 0.170 0.172 0.288 0.178 0.013 0.011

N vs.C1 0.117 0.113 0.068 0.075 0.192 0.119 0.151 0.096 0.006 0.008

N vs.C2 0.028 0.035 0.014 0.014 0.069 0.082 0.157 0.081 0.008 0.029

C1 vs.C2 0.504 0.578 0.487 0.473 0.590 0.849 0.983 0.931 0.897 0.612

Values show mean (±standard deviation), Post-hoc values show p-value (p<0.05), N: normal gait, C1: subtraction dual task (SDT), C2: working memory dual task 
(WMDT), *significant difference between elderly adult group and young adult group. 
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3. Gait variability

The results of gait variabilities during the normal gait and attention-de-

manding tasks with gait were shown in Table 4. In the elderly adult 

group, stride time and stride speed variabilities during WMDT with 

gait showed significant increment compared with those of the normal 

gait (p < 0.05). In addition, there was significant increment in the stride 

time during WMDT with gait than those of the SDT with gait (p <  

0.05). However, there were not any significant differences between SDT 

with gait and normal gait in all gait variabilities (p> 0.05). In the case of 

the stride length variability, there were no significant differences be-

tween the normal gait, SDT and WMDT with gait (p> 0.05). In addi-

tion, stride speed variability did not show the significant differences ex-

cept for the result between WMDT with gait and the normal gait 

(p> 0.05).

DISCUSSION

The purpose of this study was to demonstrate the difference in gait 

characteristics between healthy elderly and young adults when per-

forming attention-demanding tasks. The main findings of this study 

are as follows. In the elderly adult group, 1) Kinematic analysis showed 

that the angle of the hip joint during stance phase was significantly de-

creased in SDT and WMDT gaits compared to normal gait. 2) In 

terms of spatiotemporal parameters, significant decreases in stride 

length, stride velocity and step length were observed in WMDT gait 

compared to normal gait. 3) In contrast, there were no significant 

changes in spatiotemporal parameters during SDT gait compared to 

normal gait. In the young adult group, 1) Kinematic analysis showed 

no significant difference in SDT and WMDT gaits compared to nor-

mal gait. 2) In the analysis of spatiotemporal parameters, stride velocity 

and cadence were significantly decreased by SDT and WMDT during 

gait compared to normal gait. 3) There was no difference in stride 

length and step length between gait with attention-demanding tasks 

and normal gait.

These findings suggest that the attention-demanding task in 

healthy young adults did not affect the kinematic parameters (such 

as hip and knee-joint angle) during gait, however, the attention-de-

manding task may have reduced gait speed without causing a 

change in step and stride length. In contrast, healthy elderly adults 

were affected in both kinematic and spatiotemporal gait parameters 

by the attention-demanding task. In particular, decreased hip-joint 

motion was observed during the stance phase. Previous study sug-

gested that the temporo-spatial parameters of older adults were af-

fected in the gait that require high cognitive demand compared to 

normal gait.17 Therefore, the result of previous study was consistent 

with the results of this study and these results could be useful in the 

development of strategies for maintaining balance while walking 

and performing an attention-demanding task.2,17 In addition, we re-

gard that the speed and length of gait in elderly adults can be influ-

enced by attention-demanding tasks. The task concerned with cal-

culation (SDT) did not affect gait speed and length. However, the 

task related to working memory (WMDT), caused decreased gait 

speed and length. These results are different from those of the 

young adults group where in both SDT and WMDT during gait in-

fluenced gait speed. This is probably due to the fact that the elderly 

adult group had already reduced gait and stride speed due to ag-

ing.2,17 The capacity of working memory in the human brain is gen-

erally considered to have limitations. In addition, it is well known 

Table 4. Comparison of gait variability between elderly and young adult groups

Gait Variability (%)
Old Young

Stride time Stride length Stride speed Stride time Stride length Stride speed

Normal 2.30 (1.29) 3.17 (2.68) 4.86 (3.39) 2.58 (1.53) 3.05 (2.10) 4.56(2.61)

SDT 3.34 (2.12) 5.08 (4.72) 7.43 (5.28) 3.98 (3.80) 3.71 (1.62) 6.65 (4.00)

WMDT 5.42 (3.82) 5.13 (2.43) 9.06 (5.11) 3.54 (1.37) 4.07 (2.22) 5.63 (2.62)

F 5.483 1.594 3.094 1.312 1.074 1.761

p 0.008 0.215 0.056 0.279 0.350 0.183

N vs. C1 0.288 0.134 0.138 0.120 0.353 0.067

N vs. C2 0.002 0.125 0.018 0.282 0.156 0.344

C1 vs. C2 0.035 0.973 0.345 0.624 0.616 0.363

Values show mean (±standard deviation), Post-hoc values show p-value (p<0.05), N: normal gait, C1: subtraction dual task (SDT), C2: working memory dual task 
(WMDT), *significant difference between elderly adult group and young adult group.
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that decline of working memory in older adults is most sensitive 

and faster compared to the loss of other cognitive functions.30-32 

Qu30 therefore suggested that cognitive tasks involving working 

memory can be a severe obstacle in maintaining walking balance. 

Especially, gait variability was increased in older adults during the 

gait with cognitive tasks compared to young adult and normal gait. 

Consequently, we suggested that the attention-demanding task as-

sociated with working memory would have more influence on the 

walking than the simple calculation task.

The result of many previous studies was consistent with the re-

sults of this study, which showed significant effects of the dual-task 

condition on gait parameters such as increased number of stops, lat-

eral deviations, stride length, and walking time.18,20,23,30,33 In this re-

gard, the deficits in the dual-task performance of elderly adults 

showed faster decline compared to the basic functional perfor-

mance deficits.33 Furthermore, several studies have reported that at-

tention-demanding dual-task training has significant effects on the 

improvement of gait function.13 In 2016, Azadian et al.13 reported on 

the effectiveness of dual-task and executive training in older adults 

with a balance impairment. They suggested that spatiotemporal pa-

rameters during gait were improved after both dual-task training 

and executive training. 

Consequently, as far as we are aware, this is the first study to iden-

tify changes in kinematic and spatiotemporal parameters of gait due 

to attention-demanding tasks in elderly and young adults. However, 

several limitations of this study should be considered. First, the edu-

cational level of every participants was different, which might affect 

the ability to perform dual tasks such as arithmetic operation. Sec-

ond, cognitive dual-tasks used for this study only showed results of 

particular types of dual-tasks during gait. Third, we could not ac-

quire ankle-joint angles that affected the gait. In future research, an-

kle-joint measurements should be included.  

In conclusion, our results indicate that attention-demanding 

tasks during gait in elderly adults can induce decreased hip-joint 

motion during stance phase and reduced gait speed and stride 

length to maintain balance and prevent risk of falling. Conversely, 

attention-demanding tasks during gait did not affect kinematic pa-

rameters in young adults. We believe that the changes in kinematic 

and spatiotemporal parameters during gait in advanced ages, par-

ticularly under attention-demanding task conditions, would be 

provided as the standard data to intervention strategies and fall risk 

assessment for improving the gait function in elderly adults. Fur-

thermore, the results of this study can provide fundamental data for 

the application of interventions to improve the gait function of pa-

tients with neurological injury and better strategies for patients to 

return to society.
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