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Purpose: We aimed to analyze the reliability of the test for choice stepping reaction time (CSRT) under an unstable surface and determine whether there were differences in CSRT between support surface conditions (stable vs. unstable conditions) and between age
groups (young adults vs. community-dwelling older adults).
Methods: Twenty healthy community-dwelling older adults and twenty young adults performed the stepping task under an unstable
condition over two visits. The mean of the two trials measured for each visit was used for the analysis. The test-retest reliability was analyzed using intra-class correlation coefficient (ICC) with a 95% confidence interval, standard error of measurement (SEM), and minimal
detectable change (MDC). Differences in CSRT between support surface conditions and age groups were analyzed using the independent
t-test with Bonferroni correction.
Results: Excellent consistency was observed for ICC > 0.90 in both groups. Moreover, the SEM and MDC values of the CSRT in older and
young adults were 0.03 and 0.09 and 0.01 and 0.04, respectively. There was a significant difference in the CSRT between the age groups
under stable (p< 0.001) and unstable conditions (p< 0.001).
Conclusion: The findings demonstrated that the test for CSRT under an unstable condition had reliable results in both groups. Although
older adults demonstrated longer reaction times than younger adults in all surface conditions, increasing the balance control demand by
implementing a choice stepping task concomitant with a balance task had no influence on the reaction time in both age groups.
Keywords: Postural balance, Reaction time, Reproducibility of results
sponse when their balance is out of control than non-multiple fallers.14

INTRODUCTION

Therefore, the execution of correct, rapid, and well-stepping tasks has been
Falls are a major health burden in older adults. 30% older adults aged

incorporated as balance training for fall prevention.15 This balance train-

> 65 years have at least one fall injury per year.3 Two types of factors influ-

ing using a stepping task has been performed under both conditions—on

ence the occurrence of falls in older adults—external risk factors, such as

unstable and stable surfaces. Balance training under unstable conditions

unpredictable environment (e.g., obstacles and slippery surfaces), and in-

is especially superior for static and dynamic balance than that under stable

ternal factors, including physical and cognitive performance. Older adults

conditions.16-19 In addition, increasing the difficulty level of the balance

with a history of falls have a long reaction time owing to low concentra-

task and age has been demonstrated to be more demanding for balance

tion, low sensitivity to external stimuli, and decreased balance due to re-

control.20,21

1,2

4

5-7

duced strength in the lower extremities.8-11

In terms of the test for evaluating fall risk, choice stepping reaction time

The stepping strategy is an important movement that can prevent secondary injuries by avoiding falls.

(CSRT) was developed and CSRT test has verified as an important predic-

Older adults experienced multiple

tor of fall risks in older adults.4 The test procedure is as follows: when the

falls shows slower lower limb movements due to a slower protective re-

stepping target is illuminated in a random order, the subject steps onto the
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illuminated target as quickly as possible.4 The faster the reaction, the

location during recent 1 year, those who experienced a fall during recent 1

shorter the reaction time. CSRT has been widely used in the several popu-

year, and those who were diagnosed with neurological disease were ex-

lations to evaluate the risk the falls including geriatric groups as well as pa-

cluded.

tients with Parkinson’s disease, multiple sclerosis, and cancer survivors
with chemotherapy-induced peripheral neuropathy.

4,14,22-24

Task perfor-

Young adults aged 19-39 years without musculoskeletal disorders or exercise restrictions that could affect the study results were also selected.

mance has been primarily evaluated on a firm support surface in a relatively predictable and self-paced environment.25 However, limited studies

2. Procedures

have evaluated the potential of an unstable support surface in the evalua-

We collected data on demographic characteristics—age, weight, height,

tion of stepping task performance. Recently, only one study compared the

assistive tool for walking, for community-dwelling older adults and age,

performance time considering age-related differences, fall history (non-

weight, and height for young adults. To investigate the test-retest perfor-

faller and faller older adults), and support surface conditions (with foam

mance of the stepping task under an unstable condition in both groups,

and without foam) during the Four-square step test. This study demon-

the test was performed on the first day and again on the next day, and

strated that modified test with foam is more accurate than that without

CSRT was recorded each day. The CSRT test on the stable condition was

foam for identifying non-faller and faller older adults. It is known that

performed only on the first day.

26

26

balance testing on a compliant support surface improves the accuracy of

CSRT was defined as the stepping task performance in an unstable

the test for identifying fall history. Considering the principles of the clini-

condition. The FITLIGHTⓇ SYSTEM (FLB10004DC, FITLIGHT Corp.,

cal test of sensory interaction and balance,23 this condition may be more

Canada) was used to measure the CSRT in an unstable condition. In this

demanding in terms of using the visual and vestibular systems for balance,

performance test, a foam (Airex Balance Pad, Airex AG, Switzerland) was

but less demanding in terms of using the somatosensory system.

used as an unstable support surface with dimensions of 20.5 (width)×16.6

27

This study was designed to analyze the test-retest reliability of the evalu-

(depth)× 3 (height) inches. All targets were placed inside a 0.3 m square

ation of CSRT under an unstable condition and determine whether there

mat to resolve the height difference due to the thickness of foam. In addi-

are differences in CSRT between support surface conditions (stable vs.

tion to measure measuring CSRT on stable support surface, the partici-

unstable conditions) and between healthy age groups (young adults vs.

pants were asked to perform the stepping task on a firm surface of the

community-dwelling older adults).

same height as the square mat. The experimental settings for the test are
presented in Figure 1.

METHODS
1. Subjects

This cross-sectional study included community-dwelling older adults
who visited senior citizen centers and young adults who attending university. Informed consent was obtained from participants after they were
provided an explanation of the study aims and procedures. Inclusion and
exclusion criteria were applied to participants who agreed to voluntarily
participate. The study protocol was approved by the institutional review
board of Konyang University (approval no. KYU-2018-136).
All participants were healthy and > 65 years of age. Participants with a
Mini-Mental State Examination-Korean version score of >24 and those
who could walk >10 m regardless of the use of an assistive tool were selected. Participants with serious damage to visual or auditory sensation,
those who could not understand the instructions provided by the researcher, those who had musculoskeletal diseases such as fracture or dis-
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Figure 1. Experimental setting of choice stepping reaction time test
under an unstable condition.
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An evaluation protocol consisting of four choice stepping targets was

calculated using an equation reported in a previous study.31 We also calcu-

produced using the software of FITLIGHT system. The order in which

lated the minimal detectable change (MDC) at the 95% level, which indi-

the stepping target was turned on was randomized for all participants,

cates the smallest change in an individual using the following equation:

and the target stimulus was presented in a sequential mode. The number

SEM ×1.96× √2. Bland-Altman plots with 95% CIs were used to examine

of times each target was turned on was unified five times. Considering the

the relationship between the differences and the magnitude of the two re-

return time, the interval of the next target stimulus was set at 2 seconds.

peated measurements.32

28

Before initiating the test, a practice trial was performed to aid the par-

Differences in CSRT between support surface conditions within each

ticipants’ understanding. Participants were given approximately 5 seconds

group were analyzed using an independent t-test. Differences in CSRT be-

to stand on an unstable support surface. The program was run for ap-

tween age groups in same support surface condition were analyzed using

proximately 2-5 seconds after the start signal. They were also instructed to

the nonparametric analysis of covariance, including covariates (height

use only the left front and side sensors for the left leg and only the right

and body mass index). The significance level was set at 0.0125 using Bon-

front and lateral sensors for the right leg. Each target was provided with a

ferroni correction (0.05/4). The dependent variable had a normal distribu-

visual stimulus, which was completely turned off by touching the target

tion but did not meet homoscedasticity. Therefore, a univariate analysis

with the foot, and auditory feedback was provided. Subsequently, partici-

was not performed.

pants returned to their place. Cases where the light was not turned off due
to inaccurate stepping were defined as errors. These errors were computed

RESULTS

using the FITLIGHT software.
All participants performed two sets of 20 stepping targets per set. A

1. Participant characteristics

break time of 1 min was provided between the sets. The reaction time was

Forty participants (20 community-dwelling older adults and 20 young

recorded in 1/1,000-seconds units. The examiner was positioned within a

adults) were recruited in this study. The demographic characteristics of

distance of 1 m from the participant to prepare for falls during the mea-

community-dwelling older adults and young adults are presented in Table 1.

surement.
2. Reliability of CSRT of stepping task under unstable condition
3. Data analysis

The reliability results of CSRT on an unstable support surface for both age

All materials were analyzed using SPSS ver. 18.0 (IBM SPSS Statistics,

groups are shown in Table 2. The ICC (3,1) value obtained from the first

IBM, USA). Frequency and descriptive analyses were used to assess the

and second tests of the visuomotor stepping task under the unstable condi-

general characteristics of all participants and data regarding the perfor-

tion in community-dwelling older adults was 0.935 (95% CI, 0.837-0.974)

mance of stepping task (e.g., CSRT, mean total performance time, and

and that in young adults was .920 (95% CI, 0.799-0.968). In both age groups,

number of total target errors over two visits). The number of errors for

the relative reliability was excellent. The SEM values of CSRT in older and

each participant collected through the software was summed and the total

young adults were low (range: 0.03-0.01 seconds) and MDC values were

number of errors in each group over two visits was presented as the result.

0.09 and 0.04, respectively. Bland-Altman plots are shown in Figure 2.

Demographic characteristics were compared using the independent t-test
and chi-squared test or Fisher’s exact test.

3. Comparison of reaction time according to age and support

The test-retest reliability of visuomotor stepping task performance in

surface condition

both groups was evaluated based on the relative reliability of intra-class

Figure 3 presents the mean (standard deviation) CSRT for each age group

correlation coefficient (ICC) with a 95% confidence interval (CI). The ICC

and support surface condition. There were significant differences in the

(3,1) model was selected based on a flowchart showing the selection pro-

CSRT between age groups under the stable (p< 0.001, t= 5.432) and unsta-

cess used in a previous study that proposed an ICC guideline. The ICC

ble conditions (p< 0.001, t= 4.730). However, there were no significant dif-

was interpreted as excellent (> 0.75), moderate to good (0.4-0.75), and poor

ferences in the CSRT between support surface conditions in either age

(< 0.4).

group (young adults: p = 0.756, t= -0.313 and older adults: p = 0.086, t=

29

30,31

For absolute reliability, the standard error of measurement (SEM) was
https://doi.org/10.18857/jkpt.2021.33.6.265

-1.760).
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Table 1. Demographic characteristics of older and young adults
Variable

Older adults (n= 20)

Young adults (n= 20)

p value

Sex (m/f)

12/8

10/10

Age (yr)

80.2± 4.4

24.3± 2.9

< 0.001***

Height (cm)

159.6± 9.4

166.9± 8.4

0.014*

Weight (kg)

60.9± 8.6

59.7± 12.8

0.717

BMI (kg/m2)

24.0± 3.5

21.2± 2.7

0.007**

3/17

NA

Aids (none/cane)

0.751

NA

BMI: body mass index, NA: not applicable.
*p< 0.05, **p< 0.01, ***p< 0.001.

Table 2. Reliability for choice stepping reaction time under an unstable condition in the age groups
Age groups

Variable

Older adults (n= 20)

Young adults (n= 20)

63.32± 4.39

53.49± 1.87

3

0

Total performance time (s)
Total target error (n)
Choice stepping reaction time (s)
Mean trials at visit 1

1.151± 0.230

Mean trials at visit 2

1.095± 0.182

ICC3,1 (95% CI)

0.663± 0.084
0.637± 0.098

0.935 (0.837-0.974)

0.920 (0.799-0.968)

SEM

0.03

0.01

MDC95

0.09

0.04

0.2

0.08

0.15

0.06

Difference between two tests

Difference between two tests

ICC: intra-class coefficient, CI: confidence interval, SEM: standard error of measurement, MDC: minimal detectable change.

0.1
0.05
0
-0.05
-0.1
Average of two tests

0.04
0.02
0
-0.02
-0.04
-0.06

Average of two tests

Figure 2. Bland–Altman plots in older adults (left side) and young adults (right side).
1,600

DISCUSSION

Reaction time (sec)

1,400
1,200
1,000

To evaluate the complexity of tasks and age-related changes, we compared

0.800

the task performance of young adults with that of healthy community-

0.600
0.400

dwelling older adults in terms of the attentional load of motor tasks, such

0.200

as postural balance with additional balance demands. Also, in this study,

0
Stable condition

Unstable condition

Support surface condition
Figure 3. Comparison of mean (standard deviation) choice stepping
reaction time according to age and support surface condition.

268

www.kptjournal.org

we examined the test-retest reliability of CSRT under an unstable condition. Between-group comparisons revealed that the CSRT was significantly longer under both support surface conditions in older adults than
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cantly different between the support surface conditions, but it was longer

creasing age and complexity of the balance task, more attention was paid

under the unstable condition than under the stable condition in both age

to balance control in previous studies.20,21 Based on the above findings, it

groups. In our findings of reliability, excellent consistency was demon-

was acknowledged that young adults performed better than community-

strated in community-dwelling older adults (ICC = 0.935, 95% CI, 0.837-

dwelling older adults, showing a shorter CSRT and total performance

0.974) and young adults (ICC = 0.920, 95% CI, 0.799-0.968). Moreover, the

times with excellent accuracy for stepping targets in both support surface

SEM and MDC values of the CSRT under the unstable condition in older

conditions. Moreover, despite the increasing complexity of the balancing

and young adults were 0.03 and 0.09 and 0.01 and 0.04, respectively. SEM

task, community-dwelling older adults was not statistically significant

and MDC values provide a clinical reference for clinicians to evaluate the

compared to that of stable condition (inter-condition difference = -0.104

smallest performance change of an individual and not measurement error

seconds).

or bias.

This study has some limitations. Since only older adults without a his-

Some results were consistent with those a previous study that examined

tory of falls within 1 year were targeted, our findings could not be general-

the effects of a low-obstacle task on the CSRT. The authors found a sig-

ized to other populations such as patients with disease or older adults with

nificantly greater increase in step transfer time under the CSRT test cou-

a recent fall history. In addition, it could not determine whether the CSRT

pled with a stepping obstacle task than that under the CSRT test as a sin-

test under an unstable condition can distinguish fallers from non-fallers.

gle-task condition in young adults, healthy older adults, and non-fallers.

Further studies should include more specific populations, such as older

In our study, the CSRT under an unstable condition in both young and

adults with dementia and sarcopenia, and compare visuomotor stepping

older adults showed no significant increase compared to that under a sta-

task performance according to the frequency of fall in individuals. The

ble condition. No previous study has implemented the CSRT test on foam;

number of participants in our study was smaller than that in previous

therefore, comparison is limited for our findings. A previous study com-

studies. Therefore, it is necessary to evaluate a greater number of older

pared the performance time of the Four step square test between young

people to generalize the results. Backward stepping and step length adop-

adults, non-faller older adults, and faller older adults, without foam (stable

tion according to lower extremity length of each participant were not con-

condition) and with foam (unstable condition). The total performance

sidered. However, the FITLIGHT SYSTEM used to measure CSRT can be

time of non-faller older adults (mean 68.5 years) was significantly longer

freely arranged, and it has the advantage of being positioned at various an-

than that of young adults (mean 27.4 years) in both support surface condi-

gles.

33

26

tions (with and without foam). Furthermore, the total performance time

In conclusion, our findings proved that the test for CSRT on an unsta-

with foam was significantly longer than that without foam in non-faller

ble surface was very reliable in community-dwelling older and young

older adults. A possible explanation could be that disturbance of pro-

adults. In addition, the SEM and MDC values of this test provide an es-

prioceptive information by an unstable surface like foam increases the at-

sential guide for clinical decision making in community-dwelling older

tentional demands for improved postural control.34 A recent study found

adults. This study examined that although both younger and older adults

that when applying vibrations to the achilles tendon during inhibitory

exhibited longer CSRTs under the unstable surface compared to the stable

stepping tasks, active older adults demonstrated the same stepping time

surface, implementing a choice stepping task concomitant with a balance

with or without vibrations.35 Similarly,35 our findings indicated that the

task (standing on a foam) has no significant influence on reaction time in

older adults who participated in our study were active and had cortical-

both older and young adults. We found the significant differences of

proprioceptive processing as effective as that of young adults, regardless of

CSRTs between age groups in both support surface conditions. Overall,

the additional balance control task.

our study found that although increasing the complexity of motor re-

26

26

Our findings of test-retest reliability of CSRT under an unstable condi-

sponses by implementing a CSRT test concomitant to a balance task, un-

tion showed similar reliability to that of the CSRT under an non-slippery

stable support surface had not an influence on reaction time of both older

condition (ICC = 0.84, 95% CI, 0.69-.93) reported in a previous study eval-

and young adults.

uating the CSRT in 27 older people and verifying its high consistency.

36

This study, all SEMs of the CSRT in both age groups were within 10% of
the average reaction time, indicating reliable results.37 In addition, with inhttps://doi.org/10.18857/jkpt.2021.33.6.265



www.kptjournal.org

269

JKPT

The Journal of

Korean Physical Therapy

Ji Young Lim, et al.

ACKNOWLEDGEMENT

balance in older adults: a controlled clinical trial. J Strength Cond Res.
2013;27(8):2180-8.
17. Ogaya S, Ikezoe T, Soda N et al. Effects of balance training using wobble
boards in the elderly. J Strength Cond Res. 2011;25(9):2616-22.
18. Van Criekinge T, Saeys W, Vereeck L et al. Are unstable support surfaces
superior to stable support surfaces during trunk rehabilitation after
stroke? a systematic review. Disabil Rehabil. 2018;40(17):1981-8.
19. Morat M, Bakker J, Hammes V et al. Effects of stepping exergames under
stable versus unstable conditions on balance and strength in healthy
community-dwelling older adults: A three-armed randomized controlled trial. Exp Gerontol. 2019;127:110719.
20. Melzer I, Oddsson LI. The effect of a cognitive task on voluntary step execution in healthy elderly and young individuals. J Am Geriatr Soc.
2004;52(8):1255-62.
21. Woollacott M, Shumway-Cook A. Attention and the control of posture
and gait: a review of an emerging area of research. Gait Posture. 2002;16
(1):1-14.
22. Tijsma M, Vister E, Hoang P et al. A simple test of choice stepping reaction time for assessing fall risk in people with multiple sclerosis. Disabil
Rehabil. 2017;39(6):601-7.
23. Caetano MJD, Lord SR, Allen NE et al. Stepping reaction time and gait
adaptability are significantly impaired in people with Parkinson’s disease: implications for fall risk. Parkinsonism Relat Disord. 2018;47:32-8.
24. Menant J, Goldstein D, Au K et al. Evidence of slow and variable choicestepping reaction time in cancer survivors with chemotherapy-induced
peripheral neuropathy. Gait Posture. 2021;89:178-85.
25. Desai A, Goodman V, Kapadia N et al. Relationship between dynamic
balance measures and functional performance in community-dwelling
elderly people. Phys Ther. 2010;90(5):748-60.
26. Mathurapongsakul P, Siriphorn A. Four square step test with foam is
more accurate than those without foam for discriminating between older adults with and without fall history. J Aging Phys Act. 2018;26(4):6248.
27. Ricci NA, de Faria Figueiredo Gonçalves D, Coimbra AMV et al. Sensory interaction on static balance: a comparison concerning the history of
falls of community-dwelling elderly. Geriatr Gerontol Int. 2009;9(2):
165-71.
28. Ejupi A, Brodie M, Gschwind YJ et al. Kinect-based five-times-sit-tostand test for clinical and in-home assessment of fall risk in older people.
Gerontology. 2015;62(1):118-24.
29. Koo TK, Li MY. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J Chiropr Med. 2016;15(2):15563.
30. Fleiss JL. Design and analysis of clinical experiments. New York, John
Wiley & Sons, 2011.
31. Weir JP. Quantifying test-retest reliability using the intraclass correlation
coefficient and the SEM. J Strength Cond Res. 2005;19(1):231-40.
32. Bland JM, Altman D. Statistical methods for assessing agreement between two methods of clinical measurement. Lancet. 1986;327(8476):
307-10.
33. St George RJ, Fitzpatrick RC, Rogers MW et al. Choice stepping response and transfer times: effects of age, fall risk, and secondary tasks. J
Gerontol A Biol Sci Med Sci. 2007;62(5):537-42.
34. Haggerty S, Jiang LT, Galecki A et al. Effects of biofeedback on second-

This research was supported by an R&D grant (No. P0003035) on the fusion and convergence of promoting regional industries by the Korea Institute for Advancement of Technology, Ministry of SMEs and Startups.

REFERENCES
1. Burns ER, Stevens JA, Lee R. The direct costs of fatal and non-fatal falls
among older adults—United States. J Saf Res. 2016;58:99-103.
2. Murphy J, Isaacs B. The post-fall syndrome. Gerontology. 1982;28(4):
265-70.
3. Gillespie LD, Gillespie WJ, Robertson MC et al. Interventions for preventing falls in elderly people. Cochrane Database Syst Rev. 2003(4):
CD000340.
4. Lord SR, Fitzpatrick RC. Choice stepping reaction time: a composite
measure of falls risk in older people. J Gerontol A Biol Sci Med Sci. 2001;
56(10):M627-32.
5. Carlson MC, Fried LP, Xue QL et al. Association between executive attention and physical functional performance in community-dwelling
older women. J Gerontol B Psychol Sci Soc Sci. 1999;54(5):S262-S70.
6. Tabbarah M, Crimmins EM, Seeman TE. The relationship between cognitive and physical performance: macarthur studies of successful aging. J
Gerontol A Biol Sci Med Sci. 2002;57(4):M228-35.
7. van Iersel MB, Ribbers H, Munneke M et al. The effect of cognitive dual
tasks on balance during walking in physically fit elderly people. Arch
Phys Med Rehabil. 2007;88(2):187-91.
8. de Boer MR, Pluijm SM, Lips P et al. Different aspects of visual impairment as risk factors for falls and fractures in older men and women. J
Bone Miner Res. 2004;19(9):1539-47.
9. De Rekeneire N, Visser M, Peila R et al. Is a fall just a fall: correlates of falling in healthy older persons. the health, aging and body composition
study. J Am Geriatr Soc. 2003;51(6):841-6.
10. Moreland JD, Richardson JA, Goldsmith CH et al. Muscle weakness and
falls in older adults: a systematic review and meta-analysis. J Am Geriatr
Soc. 2004;52(7):1121-9.
11. Morris R. Predicting falls in older women. Menopause Int. 2007;13(4):
170-7.
12. Condron JE, Hill KD. Reliability and validity of a dual-task force platform assessment of balance performance: effect of age, balance impairment, and cognitive task. J Am Geriatr Soc. 2002;50(1):157-62.
13. Hauer K, Pfisterer M, Weber C et al. Cognitive impairment decreases
postural control during dual tasks in geriatric patients with a history of
severe falls. J Am Geriatr Soc. 2003;51(11):1638-44.
14. Pijnappels M, Delbaere K, Sturnieks DL et al. The association between
choice stepping reaction time and falls in older adults—a path analysis
model. Age Ageing. 2010;39(1):99-104.
15. Okubo Y, Schoene D, Lord SR. Step training improves reaction time, gait
and balance and reduces falls in older people: a systematic review and
meta-analysis. Br J Sports Med. 2017;51(7):586-93.
16. Martínez-Amat A, Hita-Contreras F, Lomas-Vega R et al. Effects of 12week proprioception training program on postural stability, gait, and

270

www.kptjournal.org

https://doi.org/10.18857/jkpt.2021.33.6.265

JKPT

Stepping Reaction Time in Unstable Condition

ary-task response time and postural stability in older adults. Gait Posture. 2012;35(4):523-8.
35. Magnard J, Berrut G, Couturier C et al. Perceptual inhibition is not a
specific component of the sensory integration process necessary for a
rapid voluntary step initiation in healthy older adults. J Gerontol B Psychol Sci Soc Sci. 2020;75(9):1921-9.

https://doi.org/10.18857/jkpt.2021.33.6.265

36. Lord SR, Matters B, St George R et al. The effects of water exercise on
physical functioning in older people. Australas J Ageing. 2006;25(1):3641.
37. Beckerman H, Roebroeck M, Lankhorst G et al. Smallest real difference,
a link between reproducibility and responsiveness. Qual Life Res. 2001;
10(7):571-8.



www.kptjournal.org

271

