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tests in the community-dwelling 
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ABSTRACT
Purpose. To explore (1) test-retest reliability, (2) measurement error 
at one point in time (standard error of measurement, SEM), and (3) 
measurement error between two measurements (smallest real difference, 
SRD) of 6 mobility tests in the community-dwelling elderly. The SRD 
can be used to determine whether a real change has occurred.

Methods. A physiotherapist administered the 6 mobility tests (functional 
reach [FR]; usual and fastest gait speed [UGS & FGS]; timed chair stands 
[TCS]; timed up & go [TUG]; and 6-minute walk distance [6MW]) for 
77 community-dwelling elderly in 2 sessions, 1 week apart.

Results. Test-retest reliability was excellent (intra-class correlation 
coefficient2,1=0.80-0.95) for all measurements. The Pearson’s correlation 
coefficient (r) among the 6 mobility tests varied from 0.2 to 0.9; UGS & 
FGS, 6MW, and TUG were highly correlated (r≥0.8). The standard error 
of the measurement and smallest real difference of all measurements 
were within 10% and 26%, respectively. The FGS showed the highest 
test-retest reliability (ICC2,1=0.95) and was most responsive for 
detecting a real change (SRD%=10.3%). The FGS was highly correlated 
with 6MW (r=0.87-0.88) and UGS (r=0.79-0.80).

Conclusion. The 6 mobility tests provided reliable measurements of 
mobility functions for the community-dwelling elderly.
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(TCS), timed up & go (TUG), and 6-minute walk 
distance (6MW).1,2 They are useful in monitoring 
functional change if measurements are stable over 
time (reliable) and measurement errors are small. 
There are several studies on the test-retest reliability 
of these mobility tests in the community-dwelling 
elderly.3-7 None reported the measurement errors 
for determining real change (i.e. whether the change 
is beyond measurement error). In addition, as 
different mobility tests were used in different studies, 
comparisons are difficult.

	 Descriptions of mobility status (i.e. healthier, 
normal, or less healthy) and its change (i.e. improving, 

INTRODUCTION

Mobility functions such as balance, gait speed, 
general endurance, and overall mobility are essential 
for independent living of the community-dwelling 
elderly. An assessment tool sensitive to real change 
enables identification of mobility function declines 
and facilitates implementation of mobility disability 
prevention programmes for the community-dwelling 
elderly.

	 Performance tests to assess mobility functions of 
the elderly include functional reach (FR), usual and 
fastest gait speed (UGS & FGS), timed chair stands 
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no change, or deteriorating) are clinically useful. To 
provide meaningful information to the health care 
providers (i.e. whether a status/score truly changes), 
the standard error of the measurement (SEM) and 
variability between test and retest at 95% confidence 
interval (CI)—smallest real difference (SRD)—
should be provided.8-11 The measurement error is 
also important for calculating statistical power and 
estimating sample sizes.11

	 This study aimed to assess (1) test-retest 
reliability, (2) measurement error at one point in 
time (SEM), and (3) measurement error between 2 
measurements (SRD) at 95% CI of 6 mobility tests in 
the community-dwelling elderly.

METHODS

Participants

Mobility functions of 47 men and 30 women (mean 
age, 73±6 years) with a mean body mass index of 
24±3 kg/m2 were assessed. Inclusion criteria were (1) 
age 65 years or older, (2) living in the community, and 
(3) able to perform all 6 tests independently without 
using any assistive device. Those who had unstable 
high blood pressure or a history of a serious health 
problem, fell ill, were in pain, or had participated in 
any activity or training programme in the past week 
that might affect their performance were excluded.

Procedure

All subjects gave informed consent prior to testing. 
They were asked if they had eye sight problems, 
hearing problems, dental problems, hypertension, 
diabetes, heart disease, arthritis, or other health 
problems. Participants self-rated their health status 
as ‘healthier’, ‘the same’, or ‘less healthy’ compared 
to others of their age. They also self-reported their 
mobility (ability to walk several blocks, to walk up 
and down stairs, and to perform heavy housework),12 
instrumented activities of daily living (IADL) 
[preparing meals, shopping, doing light housework, 
taking medication, using transportation, using the 
telephone, handling finances],13 and activities of 
daily living (ADL) [eating, dressing, bathing, walking 
across a small room, transferring from bed to chair, 
grooming, and using toilet].14 A domain was rated 
as ‘disabled’ when the participant reported ‘needing 
help’ or ‘unable to perform’ on any single item in 

that domain. Their mental status was assessed 
with the Chinese version of Mini-Mental Status 
Examination.15

	 All subjects were tested at a local community 
centre on 2 occasions in the same way and at the same 
time of a day approximately 1 week apart (mean, 
8.1±2.5 days). A single physiotherapist blinded to 
the purpose of this study administered all tests. In 
each session, the 6MW was performed once and at 
the end to avoid fatigue on other tests. The other 5 
mobility tests were performed twice. To make it safer 
and more comfortable for the participants, the UGS 
always preceded the FGS, whereas the testing order 
for the FR, TUG, and TCS was randomised. Prior to 
each test, the physiotherapist demonstrated the test 
to the participant. Subjects were allowed to rest as 
long as they wanted before proceeding to the next 
test.

Mobility tests

The FR measured the distance a subject could reach 
forward without taking a step when standing beside 
a wall with the shoulder adjacent to a yardstick, the 
arm in 90º of flexion, and the hand in a fist.16 The 
distance (cm) between the starting position and the 
farthest reaching position was recorded.

	 UGS and FGS were calculated as m/s for the 
distance of 15.24 m.17 The subjects stood at the start 
line and walked past the end point at their usual/
fastest speed. Timing began when one foot passed 
the start point and stopped when one foot passed 
the end point. Subjects were allowed a short rest in 
between tests.

	 TUG measured the time (in seconds) required 
to stand up from a chair (45 cm in height), walk 3 
meters, turn, walk back to the chair, turn, and sit 
down.18 The subjects first sat on the chair and were 
cued to start using “one, two, go” and performed the 
manoeuvre at their fastest but safest speed. Shorter 
times indicated better mobility.

	 TCS measured the time (in seconds) for completing 
5 consecutive chair stands as quickly as possible.19 
Subjects sat on the chair with their feet flat on the 
floor and stood up without using their arms. Timing 
began when the tester said “go” and ended when the 
subjects sat down on the chair for the fifth time.



10 Asian Journal of Gerontology & Geriatrics Vol 4 No 1 June 2009

Wang et al

	 6MW measured the maximum distance the 
subjects could walk in 6 minutes in a 12-meter long 
square course, free of obstacles, in the community 
centre. Subjects were allowed to slow down, stop, 
and rest. Standardised verbal encouragement was 
given every minute, such as “you are doing well; you 
have x minute(s) to go”.

Data analysis

The means and standard deviations of the mobility 
tests for each session were reported. The associations 
among the 6 mobility tests during each session were 
analysed by the Pearson’s correlation coefficients at a 
0.05 significance level.

	 The relative retest reliability of the mobility 
tests was determined by the intra-class correlation 
coefficient (ICC2,1) using a 2-way random-effects 
ANOVA model (subject by session) and the absolute 
agreement definition.11,20,21 The 95% CIs for the 
ICCs were calculated. Values of retest reliability of a 
measurement above 0.8 indicated good reliability.22,23 
The systematic error (the mean of difference scores 
of retest and test) was checked by a paired t-test with 
the significance level set at 0.05.

	 The absolute retest reliability was assessed by the 
SEM and SRD.11,24 The SEM represented the variability 
between measurements obtained from the 2 sessions 
and was calculated as the square root of the within 
subjects error variance (SEM=√WMS).17,25,26 The SRD 
demonstrated the 95% CI of the difference in score 
between paired observations and was calculated as 
1.96×√2×SEM.8,25,27

	 The SEM% (SEM/mean of all measurements from 
both sessions x100) and the SRD% (SRD/mean of all 

test-retest measurements x100) were also reported 
for comparison among the 6 tests using different 
units of measurement.25

RESULTS

Of the 77 participants, 48 (62%) reported no disability, 
23 (30%) reported mobility disability only, and 6 
(8%) reported both mobility and IADL limitations. 
None had restrictions in all 3 domains. 46% of the 
participants perceived their health as healthier, 35% 
as the same, and 20% as less healthy than others of 
a similar age. 51% reported at least 2 comorbidities, 
the most common being eyesight problems (60%), 
high blood pressure (46%), and arthritis (21%). The 
mean Mini-Mental Status Examination score was 
26.4±2.5.

	 Regarding the Pearson’s correlation coefficients 
among the 6 mobility tests, the strongest was between 
the 6MW and FGS (r=0.87-0.88, p<0.05), followed 
by the FGS and the UGS (r=0.79-0.80, p<0.05), and 
the 6MW and TUG (r=-0.76 to -0.79, p<0.05). The 
correlations between other pairs of mobility tests 
varied from 0.19 to 0.75 (Table 1).

	 The retest reliabilities (ICC2,1) of all measurements 
varied from 0.80 to 0.95 (Table 1). The FGS showed 
the highest retest reliability (ICC2,1=0.95), followed 
by the 6MW (ICC2,1=0.92) and the TUG (ICC2,1=0.90). 
The UGS was lowest (ICC2,1=0.80). The test-retest 
reliabilities of all 6 mobility tests exceeded 0.8. The 
paired t-tests showed non-significant differences 
between the means of the 2 sessions across all 
measurements.

	 The SEM% of the 6 mobility tests were all within 
10%, the lowest being for the FGS (3.7%) and the 

Mobility tests Mean±SD ICC2,1 (95% CI)

Session 1 Session 2

Timed chair stands (s) 9.9±2.6 9.9±2.7 0.89 (0.83-0.93)

Functional reach (cm) 29.4±4.1 29.9±4.3 0.84 (0.75-0.89)

Usual gait speed (m/s) 1.3±0.2 1.3±0.2 0.80 (0.70-0.87)

Fastest gait speed (m/s) 1.6±0.3 1.6±0.3 0.95 (0.92-0.97)

Timed up & go (s) 7.4±1.4 7.3±1.5 0.90 (0.85-0.94)

6-minute walk distance (m) 496.1±92.2 507.4±90.2 0.92 (0.87-0.95)

Table 1
Means, standard deviations, 95% CI of mean, and relative retest reliability 

(ICC2,1) of the 6 mobility tests on 2 sessions



11Asian Journal of Gerontology & Geriatrics Vol 4 No 1 June 2009

Test-retest reliability and measurement errors of six mobility tests in the community-dwelling elderly

highest for the TCS (9.1%). The FGS demonstrated 
the smallest SRD% (10.3%), followed by the 6MW 
(13.6%) and the TUG (15%) [Table 2].

DISCUSSION

Among the 6 mobility tests, FGS showed the 
highest test-retest reliability (ICC2,1=0.95) and 
was most responsive for detecting a real change 
(SRD%=10.3%). Test-retest reliability of these 
mobility tests in the community-dwelling elderly 
was good to excellent, which was consistent with 
previous studies.4,5,28,29 In a study on 10 healthy 
community-dwelling elderly, the 1-week test-retest 
reliability of the TUG was excellent (ICC3,1=0.97) 
and the 1-week retest reliability of the 6MW was 
ICC=0.91.29 In another study, the 2-week test-
retest reliabilities of the FR and TUG were excellent 
(ICC=0.93-0.99).4 The test-retest reliability of the 
6MW over 3 trials with an interval of 3 to 5 days 
was high between trials 1 and 2 (ICC=0.91) and 
between trials 2 and 3 (ICC=0.94).28 In a study using 
a 4-m distance to assess the gait speed, the test-
retest reliability of UGS was excellent (ICC=0.94).5 
In our study using a 15.2-m distance, the 1-week 
retest reliability was good for UGS (ICC2,1=0.80) and 
excellent for FGS (ICC2,1=0.95), which was consistent 
with findings on stroke patients.17 However, in the 
frail, heterogeneous community-dwelling elderly, 
the retest reliability of these mobility tests was 
moderate (ICC=0.64-0.79),3,6,7 indicating that the 
retest reliability of a measurement needs to be 
determined for the population of interest.

	 The SEM quantifies the measurement error of 
an observation at one point in time, in reference 
to the precision of individual scores on a test, and 

has been used to define the boundaries around 
which a subject’s true score lies.23 Thus, it can be 
used to calculate a range where the true score of a 
community-dwelling elderly is located at 95% CI 
(±1.96×SEM, 1.96 is the z score associated with a 
95% CI).

	 A change in mobility status between test and retest 
results (i.e. improving, no change or deteriorating) is 
based on the change in score and its error size (SRD). 
When a change in score (retest-test) is greater than 
the SRD, a true change can be ascertained with a 
95% CI. For example, the SRD for the 6MW was 
68.4 meters. If a change in score between retest and 
test is greater than +68.4 (or -68.4) meters, then a 
true improvement (or deterioration) is deemed to 
have occurred with a 95% CI. It is easier to use SRD 
(random error of the change in score) as a criterion 
to determine whether a real change has occurred.11

	 Retest reliability, measurement errors, and 
sensitivity to real change of the TUG, UGS, FGS, 
and 6MW differ between the community-dwelling 
elderly and stroke patients with hemiparesis.17 The 
mobility of stroke patients is significantly lower than 
our community-dwelling elderly (their means were 
not within the 95% CI of our mean).17 The retest 
reliability of the 6MW (but not the TUG, UGS, and 
FGS) differed significantly in both populations (the 
95% CI of retest reliability of both populations did 
not overlap). Compared to post-stroke patients, 
our community-dwelling elderly showed larger 
SEM in UGS and 6MW scores, and smaller SEMs 
for the TUG and FGS. The tests with the smallest 
measurement errors and most sensitive to real 
change were 6MW (SEM%=4.8%, SRD%=13%) 
for post-stroke patients and FGS (SEM%=3.7%, 

Mobility tests Absolute reliability indices*

SEM SEM% SRD SRD%

Timed chair stands (s) 0.9 9.1 2.5 25.0

Functional reach (cm) 1.7 5.7 4.7 15.8

Usual gait speed (m/s) 0.09 7.0 0.25 19.3

Fast gait speed (m/s) 0.06 3.7 0.17 10.3

Timed up & go (s) 0.4 5.5 1.1 15.0

6-minute walk distance (m) 24.7 4.9 68.4 13.6

Table 2
Absolute reliability indices of the 6 mobility tests

*	 SEM denotes standard error of measurement, and SRD smallest real differences
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SRD%=10.3%) for the community-dwelling elderly. 
The tests with the largest measurement errors and 
least responsiveness to real change were TUG 
(SEM%=8.2%, SRD%=23%) for post-stroke patients 
and UGS (SEM%=7.0%, SRD%=19.3%) for the 
community-dwelling elderly. The SEM% and SRD% 
provided similar information that less measurement 
error indicated more sensitivity to real change.

	 The SRD differs from the ‘clinically important 
change’.9,30 A test responsive to a ‘real change’ does 
not imply that it is also responsive to a ‘clinically 
important change’. Nonetheless, the SRD is crucial in 
determining whether the magnitude of the effect is 
clinically important. A change must be larger than the 
size of measurement error before being considered 
important or meaningful.9,10 Yet in situations when 
the ‘clinically important change’ is smaller than the 
SRD, other measurements with an SRD smaller than 
the ‘clinically important change’ (responsiveness to 
important change) should be identified to quantify 
this important change.

Limitations

Our non-randomised sample was relatively 
medically stable. 30% of our participants reported 
an early stage of physical disability (needing help or 
inability to perform at least one task in the mobility 
domain) and 8% reported disability in both mobility 
and IADL domains. Thus, our results can be used 
for monitoring the changes of mobility status in 
the community-dwelling elderly. Generalisation of 
these results is limited to the population studied and 
may not be appropriate for frail or institutionalised 
persons. As the reliability of a test is dependent on 
the characteristics of the sample and the conditions 
under which the measurement is made, the 
measurement error for determining real change for 
individual or group comparisons must be reported 
for frail persons or those receiving interventions. 
This study was based on a 1-week retest interval. 
The retest measurement error may change if the 
test-retest interval is not 1 week. Thus, there may be 
incorrect interpretation of changes in performance 
if our results are applied to measurements taken at 
different intervals. The influence of the test-retest 
interval on the magnitude of measurement error 
should be determined in future researches. A study 
of serial retests over a longer period may yield more 
stable estimates of error. The 6 mobility tests have 

been widely used in assessing mobility functions 
of the elderly. Other mobility tests that can predict/
discriminate important health outcomes such as 
falls, disability, or death, should also be examined in 
future studies.

CONCLUSION

The 6 mobility tests provided reliable measurements 
of mobility functions for the community-dwelling 
elderly. The SRD could determine whether a real 
change occurred at 95% CI. Among the 6 mobility 
tests, FGS showed the highest test-retest reliability 
(ICC2,1=0.95) and was the most responsive for 
detecting a real change (SRD%=10.3%). FGS also 
showed strong correlation with 6MW (r=0.9, p<0.05) 
and UGS (r=0.8, p<0.05), but weak-to-moderate 
correlation with other tests.
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