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Objectives: To investigate: (i) the intra-rater, inter-
rater and test-retest reliabilities of completion times 
and step counts on the Standardized Walking Obsta-
cle Course test (SWOC); (ii) correlations between 
SWOC scores and stroke-specific impairments; (iii) 
the cut-off SWOC completion times and step counts 
for distinguishing differences in obstacle negotiation 
ability in people with chronic stroke and healthy ol-
der adults.
Design: Cross-sectional study.
Setting: University-based rehabilitation centre.
Subjects: Twenty-nine people with stroke and 30 
healthy older adults.
Methods: SWOC completion times and step counts 
were measured under 3 conditions: (i) normal 
walking; (ii) walking with a tray; and (iii) walking 
with dark-glasses. The Fugl-Meyer Assessment of lo-
wer extremity, the Five-Times-Sit-to-Stand Test, the 
Berg Balance Scale, the Timed Up and Go Test (TUG), 
and the Community Integration Measure questionn-
aire, were also administered. 
Results: SWOC completion times and step counts 
showed very satisfactory to excellent reliabilities (in-
traclass correlation coefficient; ICC = 0.851–0.993). 
TUG times correlated significantly with SWOC com-
pletion times and step counts under the 3 conditions 
(r = 0.586–0.815, p < 0.001). SWOC completion times 
of 14.73–16.00 s and step counts of 23.06–24.13, 
depending on different walking conditions, were 
able to discriminate between stroke survivors and 
healthy older adults.
Conclusion: The SWOC is a reliable clinical tool for 
assessing obstacle negotiation ability in people with 
stroke. 
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Stroke was the third leading cause of global disa-
bility-adjusted life-years in 2010, a measure of 

the number of life-years lost due to disability or early 
death (1). Walking adaptability, defined as the ability to 
modify walking to meet task goals and environmental 
demands, is often severely compromised after stroke, 

yet it is rarely assessed (2). Walking adaptability com-
prises 9 aspects: temporal demands, ambient demands, 
terrain demands, physical load, cognitive dual-tasking, 
motor dual-tasking, postural transitions, obstacle nego-
tiation and manoeuvring in traffic, and is crucial to safe 
ambulation in different environments (2). A previous 
study found that people with stroke had delayed onset 
and reduced amplitude of muscle activation during 
obstacle crossing (3). Obstacle negotiation is espe-
cially important for people with stroke, as fall rates 
were found to be 6 times higher in those who failed 
an obstacle crossing task than those who passed (4).

Existing instruments for measuring obstacle nego-
tiation have some limitations. A previous study used 
a laboratory-based obstacle avoidance test, in which 
obstacles were dropped by an electromagnet while 
patients walked on a treadmill (3). The spatial and 
temporal characteristics of the avoidance strategy were 
captured by a 3-dimensional motion analysis system. 
However, the clinical administration of this instrument 
is limited by the need for specialized equipment. 
In addition, performance on the treadmill could not 
reflect overground walking in real life. Another test, 
the Obstacle-negotiating Gait, consisting of 6 obstacle 
blocks placed 2 m apart on a 10-m course, was used to 
test obstacle negotiation (5). However, evenly placed 
regular-shaped obstacles cannot adequately simulate 
normal community circumstances.

The Standardized Walking Obstacle Course (SWOC) 
is a safe, efficient, easy-to-administer and convenient 
test of obstacle negotiation (6). The SWOC consists 
of a 12.2-m long, 0.92-m wide curved pathway, with 
obstacles commonly encountered in daily life. Com-
pletion times, step counts, step offs and number of 
stumbles are measured. High reliabilities (intraclass 
correlation coefficient; ICC = 0.84–0.99) have been 
demonstrated in previous studies of community-
dwelling older adults with arthritis (6) and children 
with developmental disability (7).

Although the SWOC can be used to assess obstacle 
negotiation, the psychometric properties of the SWOC 
have not been investigated in people with stroke. The 
objectives of this study were to: (i) establish the intra-
rater, inter-rater and test-retest reliabilities of SWOC 
completion times and step counts; (ii) investigate the 
correlation between SWOC completion times and 
step counts and measures of impairments, activity 

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-2265&domain=pdf
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and participation limitations; (iii) identify the minimal 
detectable change (MDC) of SWOC completion times 
and step counts; (iv) determine the cut-off SWOC 
completion times and step counts that best differentiate 
people with stroke from healthy older adults.

MATERIAL AND METHODS

Study design

This was a cross-sectional study. Clear explanations were given 
to all participants. Written consent was obtained before the data 
collection process. The ethics committee of the local institution 
approved the protocol of this study and all procedures were per-
formed according to the principles of the Declaration of Helsinki.

Participants

A previous study of 23 children with developmental disabilities 
yielded excellent reliabilities (ICC = 0.83–0.99) for SWOC com-
pletion times and step counts (7). Power analysis (using version 
3.1.7 of the G-power software package) showed that a sample 
size of 27 participants per group was required in order to achieve 
80% power to detect an ICC of 0.90 at a significance level of 0.05.

People with stroke were recruited through a local rehabilita-
tion network via poster advertisements. Participants were in-
cluded if they were: (i) aged 50 years or above; (ii) post-stroke 
duration > 1 year; (iii) able to finish the assessments indepen-
dently; (iv) able to give written consent; (v) mentally stable, 
with an Abbreviated Mental Test score ≥ 7; and (vi) in a stable 
general medical condition. People with neurological disorders 
other than stroke or with co-morbidities, such as uncontrolled 
diabetes, cardiovascular or musculoskeletal conditions that 
might hinder proper assessment, were excluded.

Healthy older adults aged over 50 years were recruited from a 
local community centre. Participants with neurological or muscu-
loskeletal conditions that affected their mobility were excluded.

Testing procedure

Tests were conducted on 2 separate days. On day 1, demograp-
hic data were collected and the SWOC was performed. The 
SWOC was conducted again with a test-retest interval of 7–10 
days. Measurements were taken simultaneously by 2 trained, 
fixed and independent raters. Raters were required to attend a 
2-h training on the procedures of the SWOC test. Each trial 
consisted of 2 routes: start-to-end (SE) and end-to-start (ES). 
For each condition, a practice trial and 2 test trials were taken 

with at least 2 min rest in between to avoid fatigue. Individuals 
completed other outcome measures on either testing day with a 
random sequence selected by drawing cards.

Outcome measures

Standardized Walking Obstacle Course (SWOC). The SWOC 
assesses obstacle negotiation (6) as the individual walks (with 
or without walking aids) along a pathway from chair A to B as 
start-to-end (SE) and back as end-to-start (ES) in 1 trial (Fig. 
1). Completion times are measured with a stopwatch and step 
counts are counted as the number of contacts between foot and 
ground. A stumble is counted if the individual’s leg hits an obsta-
cle and a step off is counted if a whole foot steps off the course.

There are 3 conditions: (i) normal walking, (ii) walking with 
a tray, and (iii) walking with dark-glasses (7). In condition (i), 
the individual walks as usual. In condition (ii), the individual 
walks while holding a tray, on which wooden chopsticks, a 
plastic knife and fork, a paper plate and cup are placed. No 
restrictions are given regarding how to carry the tray to mimic 
daily functioning. In condition (iii), the individual wears a pair 
of dark-glasses to simulate dim-light conditions, such as walking 
at night or entering a tunnel. The test begins with condition (i), 
then conditions (ii) and (iii). Standardized instructions are given: 
“When I say ‘start’, stand up and walk to the chair at the other 
end and sit down. Try to avoid stumbling or stepping off the 
track. Walk at normal speed.” For each condition, a practice trial 
and 2 test trials were taken. Completion times and step counts 
were taken from the mean of 2 timed trials.

Fugl-Meyer Assessment of lower extremity (FMA-LE). The 
FMA-LE was developed to quantify lower extremity motor 
function impairment in hemiplegic stroke patients (8). It was 
found to have excellent reliability (ICC = 0.89–0.96) in people 
with stroke (9).

Berg Balance Scale (BBS). The BBS was developed to as-
sess functional balance in older adults while carrying out by 
14 functional tasks (10). The scale has excellent reliabilities 
(ICC = 0.95–0.98) (11).

Five-Times-Sit-To-Stand Test (FTSTS). The FTSTS is used to 
assess lower limb muscle strength and balance in patients with 
stroke by measuring the time taken to complete 5 sit-to-stand 
cycles (12, 13). It showed excellent reliabilities (ICC = 0.970 
–0.999) (12). Each participant underwent 3 trials after a practice 
trial, and the mean of 3 trials was calculated.

Timed up and go test (TUG). The TUG assesses functional 
mobility by measuring the time taken to complete a series of 
movements, including transition in and out of a chair, walking 

Fig. 1. Side view of the Standardized Walking Obstacle Course (SWOC), from chair A to chair B (start-to-end) and chair B to chair A (end-to-start).

www.medicaljournals.se/jrm
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707Standardized Walking Obstacle Course test in people with stroke

(ICC3,2) (17). As the raters were fixed, model 3 was 
used for calculating intra-rater and test-retest reliabi-
lities. Model 2 was chosen for calculating inter-rater 
reliability as the rater is assumed to be a random 
effect for the generalization of results (17).

Normality was checked with the Shapiro-Wilk 
test. Correlations were established using Pearson’s 
r for parametric data and Spearman’s rho for non-
parametric data. Since 2 primary outcome measures 
were used (FMA-LE and BBS) in 3 conditions of 
SWOC test, the significance level was set to p ≤ 0.008 
(0.05/6) after Bonferroni correction. Correlations 
were classified as good to excellent (r > 0.75), mo-
derate to good (r = 0.5–0.75), fair (r = 0.25–0.49) or 
no correlation (r < 0.25) (17).

Receiver operating characteristic (ROC) curves 
were generated to find the best cut-offs for the SWOC 
completion times and step counts to discriminate 

between people with stroke and healthy older adults, with a 
trade-off between sensitivity and 1 minus specificity, as deter-
mined by Youden’s Index (17). The area under the curve (AUC) 
quantitatively measures the accuracy of the discrimination (17).

The MDC represents the smallest amount of change in test 
result that reflects a real change in ability. It was computed with 
the test-retest reliability results (17). SEM = Sx√1-rxx , where 
Sx is the standard deviation of the SWOC scores and rxx is the 
reliability coefficient (17). 

RESULTS

Twenty-nine people with stroke and 30 healthy older 
adults were recruited. The participants’ demographics 
information and test results are shown in Tables I and 
II. Between-group differences were found for demo-

and turning (14). Excellent reliability (ICC = 0.95) has been 
demonstrated in people with stroke (15). Each participant un-
derwent 3 trials after a practice trial, and the mean of 3 trials 
was calculated.

Community Integration Measure – Cantonese version (CIM). 
The CIM measures the level of community integration (16). As 
ability to negotiate obstacles is expected to affect the level of 
community integration, the CIM was included as one of the out-
come measures. The CIM was conducted through an individual 
face-to-face interview. High test-retest reliability (ICC = 0.84), 
good internal consistency (Cronbach’s alpha = 0.84) and content 
validity were established in people with chronic stroke (16).

Statistical analysis

SPSS software (version 22) (IBM Corp.) was used for data 
analysis. ICCs were computed to establish intra-rater reliability 
(ICC3,1), inter-rater reliability (ICC2,2) and test-retest reliability 

Table I. Demographics of the people with stroke and the healthy older adults

Characteristics
Stroke 
(n = 29)

Healthy 
(n = 30) Significance level

Age, years, mean (SD) 57.9 (5.5) 63.6 (5.6) t = 3.932, p < 0.001*
Sex, M/F, n 18/11 10/20 χ2= 4.883, p = 0.027*
Height, cm, mean (SD) 162.7 (8.6) 158.5 (8.2) t = –1.895, p = 0.063
Weight, kg, mean (SD) 66.2 (11.4) 56.8 (9.7) t = –3.413, p = 0.001*
Body mass index, kg/m2, mean (SD) 24.9 (3.0) 22.5 (2.9) t = –3.110, p = 0.003*
Post-stroke duration, years, mean (SD) 7.9 (4.9) N/A N/A
Stroke-affected side, n
Left 8 N/A N/A
Right 21 N/A N/A

Mobility status, n (%)
Walks without gait aids 13 (44.8) N/A N/A
Stick 16 (55.2) N/A N/A

*Significant difference at the p ≤ 0.05 level of confidence.
SD: standard deviation; M: male; F: female; N/A: not applicable.

Table II. Mean Standardized Walking Obstacle Course (SWOC) completion times and step counts and stroke-specific impairment outcome 
measurements for people with stroke and healthy older adults

Stroke (n = 29) Healthy (n = 30)

Start to end
Mean (SD)

End to start
Mean (SD)

Start to end
Mean (SD)

End to start
Mean (SD)

Condition 1: Normal walking
Time (s)* 21.68 (4.78) 21.26 (5.00) 12.23 (2.48) 12.01 (2.34)
Step (counts)* 30.73 (5.80) 30.28 (5.83) 19.26 (3.15) 19.14 (2.98)
Step off (counts) 0.37 (0.76) 0.38 (0.76) 0 0.50 (0.02)
Stumble (counts) 0.21 (0.25) 0.14 (0.17) 0.25 (0.01) 0

Condition 2: Walking with a tray
Time (s) 23.80 (5.37) 23.48 (5.20) 12.29 (2.39) 12.38 (2.31)
Step (counts) 32.86 (6.34) 32.66 (6.22) 19.45 (3.04) 19.51 (3.09)
Step off (counts) 0.29 (0.64) 0.392 (0.54) 0.25 (0.02) 0.75 (0.05)
Stumble (counts) 0.24 (034) 0.25 (0.29) 0 0.25 (0.01)

Condition 3: Walking with dark-glasses
Time (s)* 21.86 (4.76) 21.59 (4.90) 11.88 (2.39) 11.84 (2.17)
Step (counts) 30.69 (5.81) 30.32 (5.92) 19.01 (3.12) 19.02 (2.98)
Step off (counts) 0.64 (1.12) 0.47 (0.60) 0 0
Stumble (counts) 0.20 (0.20) 0.14 (0.18) 0 0
FMA-LE 22.14 (5.05) /
BBS 50.41 (4.01) /
FTSTS (s) 15.19 (4.27) /
TUG (s) 14.92 (3.32) /
CIM 44.31 (5.40) /

*Significant difference between SE and ES for people with stroke at the p ≤ 0.05 level of confidence. FMA-LE: Fugl-Meyer motor assessment for the lower 
extremities; BBS: Berg Balance Scale; FTSTS: Five-Times-Sit to Stand Test; TUG: Timed Up and Go Test; CIM: Community Integration Measure – Chinese version; 
SD: standard deviation.

J Rehabil Med 49, 2017
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graphics. SE and ES values were analysed separately, 
as significant differences were found under some 
conditions using the paired t-test (t = 1.000–2.320, 
p = 0.028–0.326) but not the Wilcoxon signed-rank test 
(Z=–1.926, p = 0.054). In general, the completion times 
and step counts of people with stroke were 84% and 

63% higher than those of healthy older adults across the 
3 conditions. Significant differences in SWOC results 
were found between normal walking and walking with 
tray conditions (t = –10.269–7.281, p < 0.01), as well 
as between walking with dark-glasses and walking 
with tray conditions (t = 6.696–8.964, p < 0.01). No 

Table III. Intra-rater reliability of Standardized Walking Obstacle Course (SWOC) completion times and step counts of people with stroke

Day 1 Day 2

Start to end
ICC3,1 (95% CI)

End to start 
ICC3,1 (95% CI)

Start to end
ICC3,1 (95% CI)

End to start 
ICC3,1 (95% CI)

Condition 1: Normal walking
Rater 1
Time 0.937 (0.871–0.970) 0.923 (0.843–0.963) 0.935 (.0866–0.969) 0.959 (0.915–0.981)
Step 0.856 (0.716–0.930) 0.898 (0.794–0.951) 0.948 (0.893–0.975) 0.947 (0.891–0.975)
Rater 2
Time 0.924 (0.844–0.963) 0.933 (0.863–0.968) 0.956 (0.909–0.979) 0.941 (0.878–0.972)
Step 0.897 (0.794–0.951) 0.871 (0.744–0.937) 0.902 (0.802–0.953) 0.942 (0.881–0.972)

Condition 2: Walking with a tray
Rater 1
Time 0.948 (0.893–0.975) 0.966 (0.929–0.984) 0.892 (0.783–0.948) 0.891 (0.782–0.947)
Step 0.962 (0.920–0.982) 0.960 (0.971–0.981) 0.928 (0.853–0.966) 0.941 (0.879–0.972)
Rater 2
Time 0.977 (0.951–0.989) 0.966 (0.930–0.984) 0.883 (0.767–0.943) 0.930 (0.856–0.966)
Step 0.959 (0.914–0.980) 0.970 (0.937–0.986) 0.929 (0.855–0.966) 0.935 (0.866–0.969)

Condition 3: Walking with dark-glasses
Rater 1
Time 0.946 (0.867–0.976) 0.977 (0.950–0.989) 0.964 (0.887–0.985) 0.960 (0.918–0.981)
Step 0.949 (0.895–0.976) 0.945 (0.887–0.974) 0.966 (0.905–0.986) 0.851 (0.703–0.927)
Rater 2
Time 0.940 (0.841–0.975) 0.972 (0.942–0.987) 0.966 (0.924–0.984) 0.963 (0.923–0.982)
Step 0.919 (0.837–0.961) 0.955 (0.907–0.979) 0.963 (0.922–0.983) 0.969 (0.936–0.985)

95% CI: 95% confidence interval.

Table IV. Inter-rater reliability of Standardized Walking Obstacle Course (SWOC) completion times and step counts of people with stroke

Day 1 Day 2

Start to end
ICC2,2 (95% CI)

End to start 
ICC2,2 (95% CI)

Start to end
ICC2,2 (95% CI)

End to start 
ICC2,2 (95% CI)

Condition 1: Normal walking
Time 0.991 (0.980–0.996) 0.993 (0.984–0.997) 0.992 (0.984–0.996) 0.991 (0.981–0.996)
Step 0.976 (0.950–0.989) 0.986 (0.969–0.993) 0.989 (0.976–0.995) 0.989 (0.977–0.995)

Condition 2: Walking with a tray
Time 0.979 (0.955–0.990) 0.989 (0.976–0.995) 0.986 (0.970–0.993) 0.981 (0.961–0.991)
Step 0.975 (0.947–0.988) 0.983 (0.965–0.992) 0.981 (0.960–0.991) 0.978 (0.954–0.990)

Condition 3: Walking with dark-glasses
Time 0.984 (0.967–0.893) 0.993 (0.985–0.997) 0.991 (0.980–0.996) 0.982 (0.963–0.992)
Step 0.982 (0.963–0.992) 0.979 (0.955–0.990) 0.982 (0.961–0.992) 0.979 (0.956–0.990)

ICC: intraclass correlation coefficient; 95% CI: 95% confidence interval.

Table V. Test-retest reliability and minimal detectable change (MDC) of Standardized Walking Obstacle Course (SWOC) completion 
times and step counts of people with stroke 

Start to end
ICC3,2 (95% CI)

End to start 
ICC3,2 (95% CI)

Start to end
MDC

End to start 
MDC

Condition 1: Normal walking
Time 0.968 (0.932–0.985) 0.965 (0.927–0.984) 2.37 s 2.59 s
Step 0.968 (0.932–0.985) 0.962 (0.920–0.982) 2.87 counts 3.15 counts

Condition 2: Walking with a tray
Time 0.965 (0.926–0.984) 0.927 (0.845–0.966) 2.78 s 3.89 s
Step 0.957 (0.909–0.980) 0.951 (0.896–0.977) 3.64 counts 3.81 counts

Condition 3: Walking with dark-glasses
Time 0.956 (0.906–0.979) 0.937 (0.866–0.971) 2.76 s 3.40 s
Step 0.950 (0.892–0.976) 0.940 (0.873–0.972) 3.60 counts 4.01 counts

ICC: intraclass correlation coefficient; 95% CI: 95% confidence interval.

www.medicaljournals.se/jrm
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709Standardized Walking Obstacle Course test in people with stroke

significant differences were found between normal 
walking and walking with dark-glasses conditions 
(t = –1.868–0.168, p = 0.072–0.892). The reliabilities 
and correlations for the number of stumbles and step 
offs were not investigated because only 4–8 people 
with stroke stumbled or stepped off. No adverse events 
were reported.

Reliability and minimal detectable change
The SWOC completion times and step counts 
demonstrated very satisfactory to excellent intra-
rater, inter-rater and test-retest reliabilities for normal 
walking (ICC = 0.856–0.993), walking with a tray 
(ICC = 0.883–0.989) and walking with dark-glasses 
(ICC = 0.851–0.993) (Tables III–V). The MDC of 
SWOC completion times ranged from 2.37 to 3.89 s 
under different conditions (Table V) and the MDC of 
step counts ranged from 2.89 to 4.01 (Table V). 

Correlation of Standardized Walking Obstacle 
Course with other outcome measures
Moderate to excellent positive correlations were shown 
between the SWOC completion times (r = 0.657–0.815, 
p < 0.001) and step counts (r = 0.586–0.754, p < 0.001) 
with TUG completion times. SWOC completion times 
and step counts showed no significant correlations with 
other outcome measures. The details are presented in 
Table VI.

Sensitivity and specificity
The cut-offs for completion times and step counts in 
normal walking condition were 15.43 s and 23.19 for 
SE and 14.73 s and 23.06 for ES, respectively (sensi-
tivity = 97–100%; specificity = 90–97%; AUC = 0.975–
0.987; p < 0.001) (Fig. 2). The cut-offs for completion 
times and step counts in the walking with tray condition 
were 15.27 s and 24.13 for SE and 16.00 s and 23.19 

Table VI. Correlations between Standardized Walking Obstacle Course (SWOC) and other instruments (all correlations are Pearson 
coefficients unless otherwise indicated)

SWOC completion time SWOC step count

Start to end End to start Start to end End to start 

Condition 1: Normal walking
FMA-LE –0.473, p = 0.010 –0.424, p = 0.022 –0.342, p = 0.069 –0.313, p = 0.099
BBS –0.40, p = 0.032** –0.395, p = 0.034** –0.291, p = 0.126** –0.278, p = 0.144**
FTSTS 0.222, p = 0.248** 0.256, p = 0.181** 0.033, p = 0.865** 0.062, p = 0.748**
TUG 0.748, p < 0.0001* 0.766, p < 0.0001* 0.592, p < 0.0001* 0.629, p < 0.0001*
CIM –0.162, p = 0.402** –0.166, p = 0.389** –0.163, p = 0.397** –0.165, p = 0.392**

Condition 2: Walking with a tray
FMA-LE –0.426, p = 0.021 –0.447, p = 0.015 –0.351, p = 0.062 –0.349, p = 0.064
BBS –0.255, p = 0.183** –0.343, p = 0.068** –0.266, p = 0.163** –0.265, p = 0.165**
FTSTS 0.133, p = 0.493** 0.218, p = 0.257** 0.009, p = 0.962** 0.047, p = 0.808**
TUG 0.657, p < 0.0001* 0.751, p < 0.0001* 0.586, p < 0.0001* 0.625, p < 0.0001*
CIM –0.220, p = 0.252** –0.213, p = 0.266** –0.197, p = 0.305** –0.211, p = 0.271**

Condition 3: Walking with dark-glasses
FMA-LE –0.474, p = 0.009 –0.456, p = 0.013 –0.372, p = 0.047** –0.356, p = 0.058**
BBS –0.398, p = 0.032** –0.430, p = 0.020** –0.366, p = 0.051** –0.429, p = 0.020**
FTSTS 0.241, p = 0.207** 0.245, p = 0.201** 0.060, p = 0.756** 0.143, p = 0.460**
TUG 0.800, p < 0.0001* 0.815, p < 0.0001* 0.686, p < 0.0001*,** 0.754, p < 0.0001*,**
CIM –0.28, p = 0.235** –0.182, p = 0.365** –0.231, p = 0.228** –0.181, p = 0.348**

*Significant correlation after Bonferroni adjustment at a p-value of 05/60 (p ≤ 0.0008); **Spearman’s rho correlation coefficient; FMA-LE: Fugl-Meyer motor 
assessment for the lower extremities; BBS: Berg Balance Scale; FTSTS: Five-Times-Sit-to-Stand Test; TUG: Timed Up and Go Test; CIM: Community Integration 
Measure – Chinese version.

Table VII. Values of area under the receiver operating characteristic curve, sensitivity and specificity for the optimal cut-offs of 
Standardized Walking Obstacle Course (SWOC) completion times and steps

Area under the curve Sensitivity (%) Specificity (%) Optimal cut-offs

Start to end End to start Start to end End to start Start to end End to start Start to end End to start

Condition 1: Normal walking
Time 0.975, p < 0.001 0.980, p < 0.001 96.6 100 90.0 90.0 15.43 s 14.73 s
Step 0.981, p < 0.001 0.987, p < 0.001 96.6 96.6 93.3 96.6 23.19 counts 23.06 counts

Condition 2: Walking with a tray
Time 0.990, p < 0.001 0.990, p < 0.001 100 100 90.0 90.0 15.27 s 16.00 s
Step 0.989, p < 0.001 0.992, p < 0.001 96.6 100 93.3 90.0 24.13 counts 23.19 counts

Condition 3: Walking with dark-glasses
Time 0.986, p < 0.001 0.987, p < 0.001 100 100 90.0 90.0 15.30 s 14.89 s
Step 0.984, p < 0.001 0.986, p < 0.001 96.6 93.1 96.6 96.6 24.00 counts 23.56 counts

J Rehabil Med 49, 2017
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710 S. S. M. Ng et al.

Fig. 2. Receiver operating characteristic curves for Standardized Walking Obstacle Course (SWOC) for discriminating between people with stroke 
and healthy older adults in condition 1 (normal walking): (a) completion times of start-to-end (SE) (area under the curve (AUC) = 0.975); (b) 
completion times of end-to-start (ES) (AUC = 0.980); (c) step counts of SE (AUC = 0.981); (d) step counts of ES (AUC = 0.987).

 

 

(a) (b) 

(c) (d) 

Fig. 3. Receiver operating characteristic curves for Standardized Walking Obstacle Course (SWOC) for discriminating between people with stroke 
and healthy older adults in condition 2 (walking with a tray): (a) completion times of start-to-end (SE) (area under the curve (AUC) = 0.990); (b) 
completion times of end-to-start (ES) (AUC = 0.990); (c) step counts of SE (AUC = 0.989); (d) step counts of ES (AUC = 0.992).

 

 

(a) (b) 

(c) (d) 
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711Standardized Walking Obstacle Course test in people with stroke

for ES, respectively (sensitivity = 97–100%; specifi-
city = 90–93%; AUC = 0.989–0.992; p < 0.001) (Fig. 
3). The cut-offs for completion times and step counts 
in walking with dark-glasses condition were 15.30 s 
and 24.00 for SE and 14.89 s and 23.56 for ES, respec-
tively (sensitivity = 93–100%; specificity = 90–97%; 
AUC = 0.984–0.987; p < 0.001) (Fig. 4). The values 
of area under ROC curve, sensitivity and specificity 
for the optimal cut-off are summarized in Table VII 
and Fig. 2–4.

DISCUSSION

Reliability of the Standardized Walking Obstacle 
Course in assessing people with stroke
This was the first study to investigate the reliability 
of the SWOC on people with stroke. Consistent with 
previous studies on older adults with arthritis (6) 
and on children with developmental disabilities (7), 
very satisfactory to excellent intra-rater, inter-rater 
and test-retest reliabilities (ICC = 0.856–0.993) were 
demonstrated. The use of standardized testing proto-
cols, clear instructions and consistent measurements 
by well-trained raters may have contributed to the 
excellent reliabilities. The 2-min rest time between 
trials helped to avoid muscle fatigue and may have 
contributed to the excellent intra-rater reliability. The 

excellent test-retest stability illustrates that 7–10 days 
is a suitable interval to minimize practice effects while 
preventing changes of participants’ condition.

Standardized Walking Obstacle Course performance
Unexpectedly, no significant difference was found 
between SWOC performances with and without dark-
glasses (t = –1.868–0.168, p = 0.072–0.892, Z = –0.357 
to –0.144,  p =0.721–0.885). Previously, people with 
stroke were found to be reliant on vision in sensory 
organization test of dynamic posturography (18). Our 
insignificant results may have been due to the low shade 
rating of the glasses, and sufficient time participants had 
to adapt to the dimmer environment. A previous study on 
older adults showed that only a sudden light reduction 
caused a 15% decrease in gait speed and a 9% increase 
in cadence, with normal walking resumed after 90 s (19).

As expected, a significant difference was identified 
between SWOC results in normal walking and in walk-
ing with tray conditions (t = –10.269–7.281, p < 0.01). 
Walking with a tray is a motor dual task requiring a 
high level of divided attention, which is compromised 
in 44% of stroke survivors (20). Our results are con-
sistent with study of Yang and colleagues (21), which 
found that community ambulating stroke survivors 
completed a tray carrying task with a 16.62% reduction 
in gait speed and a 3.87% increase in cadence.

Fig. 4. Receiver operating characteristic curves for Standardized Walking Obstacle Course (SWOC) for discriminating between people with stroke 
and healthy older adults in condition 3 (walking with dark-glasses): (a) completion times of start-to-end (SE) (area under the curve (AUC) = 0.986); 
(b) completion times of end-to-start (ES) (AUC = 0.987); (c) step counts of SE (AUC = 0.984); (d) step counts of ES (AUC = 0.986).

 

 

(a) (b) 

(c) (d) 
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People with stroke performed better when walking 
with dark-glasses than with a tray (t = 6.696–8.964, 
p < 0.01, Z = –4.624– –4.586, p < 0.01). As visual input 
is used for anticipatory postural adjustment during 
walking (22), reducing visual input should also hinder 
walking ability. However, participants saw the obsta-
cles and turning angles during the practice trial, thus 
it seems reasonable that a lower level of anticipatory 
postural adjustment was required once they were fa-
miliarized with the SWOC test and the environment.

Significant differences (t = 2.320–2.314, p = 0.028–
0.047) were found between SE and ES in SWOC 
completion times and step counts in the normal 
walking condition and in SWOC completion times in 
walking with dark-glasses condition, but not in other 
conditions. The SWOC involves turning 30° to the 
right, then 90° to the left, followed by 70° to the right 
in SE, and the reverse in ES. A previous study dem-
onstrated that people with stroke turned significantly 
more quickly to the paretic side in TUG (23). As 72% 
of our participants had right-sided paresis, differences 
in SWOC completion times between SE and ES are 
expected. Insignificant differences between SE and ES 
in the walking with tray condition (t = 1.000–1.367, 
p = 0.183–0.326) and walking with dark-glasses condi-
tion (Z = –1.926, p = 0.054) may be attributed by the 
fact that the additional challenge of dual tasking and 
reduced visual input may have outweighed the effect 
of the turning direction.

Compared with the SWOC results of previous stu-
dies, people with stroke in this study were found to 
walk faster and with higher cadence (mean = 21.26–
21.68 s and 30.28–30.73 steps) than children with 
mental retardation (MR) and Down syndrome (DS) 
(mean = 24.46–26.90 s and 27.26–29.06 steps) (24). 
This difference was expected as children with MR 
and DS have difficulties in learning complicated mo-
tor tasks. Compared with children with MR and DS, 
people with stroke experience not only a decline in 
balance and coordination but also spasticity and poor 
motor control. Thus, they generally walk with a shorter 
step length. In fact, a significant 16.9% increase in 
stride length was found in hemiplegic patients after 
receiving Botulinum toxin-A injection to reduce lower 
limb spasticity (25).

Two other studies explored the SWOC performance 
of children with developmental disability (DD) (6) 
and cerebral palsy (CP) (26). Both groups of children 
outperformed the participants with stroke in our study 
(children with DD: 14.02 s and 27.94 steps; children 
with CP: 12.7–19.7 s and 20.9–27.0 steps). Whereas 
more than half of our participants required walking 
aids, the children with DD had better physical mobility 
and walked without aids, which could account for the 

difference. The children with CP were likely to have 
had high levels of physical functioning, as they were 
all participants from a camping programme organized 
by a specialized hospital (26).

As expected, the healthy older adults outperformed 
those with stroke on the SWOC (p < 0.001). A previous 
study showed that people with stroke had impaired 
ambulatory function with reduced walking speed, de-
creased stride length, longer turning time and deficits 
in obstacle avoidance (3, 27). Gait alteration is caused 
by a disruption of the descending pathways following 
an upper motor neurone lesion, which creates various 
stroke-specific impairments, such as disturbed balance, 
impaired motor control and spasticity (28). Reductions 
in motor unit firing rates were also found in the pa-
retic muscles of stroke survivors, resulting in muscle 
weakness (29).

The differences in SWOC completion times (ap-
proximately 10 s) and step counts (approximately 11) 
between people with stroke and healthy older adults 
markedly exceeded the calculated MDC (completion 
times: 2.37–3.89 s; step counts: 2.89–4.01), indicating 
that the between-group difference was probably due to 
a genuine difference, rather than measurement error.

The mean SWOC completion time of our healthy 
older adults was only a sixth of that of older adults in a 
previous study (mean 70.5 s) (30). Our healthy controls 
were all active older adults in the community and some 
of them were in the labour force. In contrast, the parti-
cipants in Gunther’s study were frail, institutionalized 
and of older age (mean = 87.5 years) (30).

Correlations between the Standardized Walking 
Obstacle Course and other outcome measures
Contrary to our expectation, both SWOC completion 
times and step counts were not correlated with FMA-
LE scores. The FMA-LE has been found to correlate 
with various locomotor performances or functional 
assessments in people with chronic stroke, including 
the Figure of Eight Walk Test (r = –0.717), gait speed 
(r = 0.607–0.613) and Functional Independence Mea-
sure mobility scores (r = 0.74) (31–33). The small sam-
ple size in this study may account for the insignificant 
results. In fact, the correlations were significant or near 
significant before applying the Bonferroni correction 
(correlation = –0.313–0.474, p = 0.09–0.099).

Insignificant correlations were found between the 
SWOC results and BBS scores and FTSTS times, 
which was surprising as the BBS and FTSTS both eva-
luate balance and are moderately correlated (r= –0.630, 
p < 0.001) (13). Our result is inconsistent with a pre-
vious study, which found a significant correlation 
between SWOC times and BBS scores in frail elderly 

www.medicaljournals.se/jrm
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participants (r = –0.819, p < 0.001) (30). Differences in 
mobility between our participants (mean SWOC time 
21.26–23.80 s) and those in the previous study (mean 
SWOC time 70.5 s) may account for this inconsistency. 
In addition, the substantial differences in variability of 
SWOC performance in the previous study (coefficient 
of variation = 47.9/70.5 = 0.68) (30), compared with that 
of our study (coefficient of variation = ~5/21.5 = 0.23), 
may also account for the inconsistency. Considering 
that only a minimal change in the base of support is 
involved in the FTSTS and BBS tasks, insignificant 
correlations with the SWOC would be reasonable. With 
more than half of those with stroke scoring 50/56 or 
above, there was probably a significant ceiling effect.

Moderate to excellent positive correlations were 
shown between TUG times and both SWOC comple-
tion times and step counts, which is consistent with a 
previous study on children with developmental delay 
(7). Both the SWOC and the TUG consist of standing 
up from a chair and walking in a forward direction, 
which challenges participants’ balance and locomotor 
performance (14). The strong correlation was expec-
ted as the main difference between these 2 measures 
is that the SWOC further challenges the ability of 
participants to negotiate obstacles. Furthermore, TUG 
times were found to be correlated with gait speed (cor-
relation = 0.84–0.92) (34), which could greatly affect 
SWOC completion times.

The insignificant correlation between the SWOC 
results and CIM scores was due to the discrepancy in 
the measurement domains. The CIM is a subjective 
measure of community integration, while the SWOC is 
an objective measure of obstacle negotiation. Further-
more, physical functioning alone is not sufficient to 
determine a change in stroke survivors’ level of social 
integration, as demonstrated in a previous study that 
showed that depression and stroke recovery were also 
required to predict such a change (R2 = 0.624, p < 0.001) 
(35). The SWOC, which is conducted in an indoor set-
ting, may not reflect the ability of people with stroke 
to return to the community. 

Optimal cut-offs
Completion times and step counts differentiated 
well between participant groups with an AUC of 
0.975–0.992 for all conditions, meaning a 97.5–99.2% 
probability of correctly identifying the differences 
between people with stroke and healthy older adults. 
The SWOC is a sensitive tool to reflect stroke-specific 
impairment in a functional context.

Study limitations
Insignificant correlations between the SWOC and 
other outcome measures may have been due to the 

small sample size, as the sample size calculation was 
based on the reliability results of a previous study (7). 
Insufficient sample size may also result in indistinct, 
but statistically significant, SE and ES values. The 
SWOC is likely to predict falls in people with stroke, 
which was not investigated in our study.

The significant age and sex differences between 
people with stroke and healthy older adults may have 
affected the results as these factors are known to influ-
ence functional task performance (36). Apart from the 
above, there may have been selection bias, as people 
with stroke were recruited from the community and 
thus may have had better functional ability.

Real walking under 3 conditions was mimicked in 
our study. However, the effects of the sequence of 
obstacles and darkness of the dark-glasses have not 
been established. Learning effect may affect the result 
of study, as the order of 3 conditions in SWOC test 
remained unchanged. Participants might also become 
familiar with the walking course as a practice trial 
was given, yet obstacles are not always anticipated 
in real life.

Future studies with larger sample sizes that include 
people with stroke in different settings are needed to 
investigate both concurrent and predictive validity, 
and to provide better generalization of the results to 
all stroke survivors.

Conclusion
The SWOC is a safe and sensitive clinical test for 
evaluating obstacle negotiation in people with stroke. 
Good reliabilities had been demonstrated in all 3 condi-
tions of the SWOC test. A strong correlation was found 
between TUG completion times and all conditions of 
the SWOC test. The SWOC test can differentiate obsta-
cle negotiation ability between people with stroke and 
healthy older adults. The MDC of SWOC completion 
times and step counts could reflect changes in SWOC 
performance occurring over time, The SWOC test 
is thus highly recommended for evaluating obstacle 
negotiation in people with stroke.
The authors declare no conflicts of interest. 
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