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ORIGINAL ARTICLE

Construct validity and reliability of the modified gait efficacy scale for
older adults

R. H. A. Weijer , M. J. M. Hoozemans , J. H. van Die€en and M. Pijnappels

Department of Human Movement Sciences, Amsterdam Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands

ABSTRACT
Purpose: To perform a cross-cultural adaptation of the mGES into Dutch and investigate its construct val-
idity, internal consistency, test-retest reliability and floor and ceiling effects in a large cohort of commu-
nity-dwelling older adults.
Materials and methods: We translated the British version of the mGES into Dutch, back into English,
and had a native English speaker review the final version. Next, we included 223 community-dwelling
older adults from the ‘Veilig in Beweging Blijven’ (VIBE) cohort (69.8 [67.6–74.3] years old, 155 (69.5%)
female), who filled out both the mGES and the Falls Efficacy Scale-International (FES-I) twice, with a
month in between. Construct validity was assessed by Spearman’s correlation between the scores on the
mGES and the FES-I. Internal consistency was assessed with Cronbach’s alpha and test-retest reliability
was assessed with the intra class correlation coefficient (ICC(2,1)).
Results: Construct validity (rho ¼ �0.81, p< 0.001), internal consistency (a¼ 0.95), and test-retest reliabil-
ity (ICC(2,1)¼0.90, 95%CI¼ [0.87–0.92]) were all excellent. Ceiling effect was observed in 44 (19.7%) partic-
ipants which suggest caution when evaluating the mGES for fit and confident older adults.
Conclusion: The Dutch mGES is a valid and reliable tool to assess confidence in walking and is suggested
as a tool for evaluating self-efficacy after interventions aimed at improving gait.

� IMPLICATIONS FOR REHABILITATION
� Assessment and rehabilitation of gait may be affected by self-efficacy of walking performance.
� We show that the Dutch translation of the modified gait efficacy scale is a valid and reliable tool for

assessing self-efficacy of walking.
� A ceiling effect was observed that was associated with muscle strength and symptoms of depression.
� The results of the present study underline the use of the modified gait efficacy scale in the assess-

ment and evaluation of self-efficacy of walking in rehabilitation.
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Introduction

Older adults may become less physically active and be at risk of
falling when they lose confidence in their ability to walk safely
[1]. Interventions that improve confidence in walking may help to
reduce these risks [2,3]. To identify older adults that could benefit
from such an intervention, or to evaluate intervention effects, a
valid and reliable tool that assesses confidence in walking is
required. Questionnaires such as the Falls Efficacy Scale
International (FES-I), the Activities Specific Balance scale (ABC) and
the Survey of Activities and Fear of Falling in the Elderly (SAFFE)
aim to assess self-efficacy or fear of falling regarding several phys-
ical abilities related to balance and falling in older adults [4–6].
However, they are not specifically aimed at walking abilities, while
most falls in older adults occur during walking [7,8].

Self-efficacy and fear of falling can be considered as two differ-
ent, but related, concepts. Self-efficacy is the believe a person has
in being able to perform a certain task successfully [9]. Hence it is
a task specific evaluation of personal belief in one’s (physical)

ability. For simplicity, we consider confidence to be identical to
self-efficacy. Fear of falling is a response triggered by both feeling
insecure about personal ability to perform a certain task and the
consequence of failing at a certain task [10]. Hence, fear of falling
also involves a consideration of the consequence of failure,
whereas this is not necessarily implied in self-efficacy. However,
the two concepts are related as high fear of falling is present
more often in individuals with low self-efficacy than in individuals
with high self-efficacy [11].

In recent studies, quantity and quality of walking have been
assessed in lab situations and daily life using inertial measurement
units, and were found directly linked to falling [12–15]. Yet, causal
pathways between quantity and quality of walking and falling are
not sufficiently clear and additional information is necessary to
arrive at effective interventions or to improve existing ones. Self-
efficacy can limit the effectiveness of such interventions. To
develop and improve such interventions it is important to evalu-
ate self-efficacy in the physical attribute that the intervention
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aims to improve. Thus, an intervention that aims to improve gait
can best be evaluated with an instrument that assesses self-per-
ceived gait efficacy. Given that detailed gait assessments become
more easy to implement in research as well as clinical practice,
we believe there is a need for a self-efficacy instrument that
focusses specifically on gait.

The modified Gait Efficacy Scale (mGES) records answers to
statements of expectancy about one’s ability to safely perform
walking tasks in different scenarios. This questionnaire has been
used to assess self-perceived gait efficacy and to associate its
scores with physical activity and gait performance [16–18]. The
validity and reliability of the mGES were found to be excellent in
a population of British older adults, though a ceiling effect indi-
cated that some people might not find the depicted scenarios
challenging [17]. In the present study, we performed a cross-cul-
tural adaptation of the mGES into Dutch and investigated its con-
struct validity, internal consistency, test-retest reliability and floor
and ceiling effects in a large cohort of community-dwelling
older adults.

Methods

Study population

We analysed data of 284 community-dwelling adults of over
65 years old, who were recruited in Amsterdam (The Netherlands)
and the surrounding area as part of the longitudinal observational
study ‘Veilig in beweging blijven’ (VIBE study). Participants were
excluded if they were unable to walk 20 meters with or without
walking-aids, or if they were able to walk 20 meters but while
doing so experienced shortness of breath, became dizzy, or per-
ceived pain in or pressure on the chest. Furthermore, they were
excluded if they were unable to speak, read, and write Dutch and
when their Mini Mental State Examination (MMSE) [19] score was
equal to or lower than 18. The protocol was approved by the eth-
ics committee of the Faculty of Behavioural and Movement
Sciences of the Vrije Universiteit Amsterdam (VCWE-2016-129) and
all participants signed an informed-consent form.

Protocol

At baseline and again one month later, participants independently
filled out, at home, a set of questionnaires, including the mGES
and the FES-I. At baseline, they also filled out the Geriatric
Depression Scale (GDS-15), an instrument to measure depression
symptoms on a scale from 0 to 15 [20]. The baseline question-
naires were filled out on paper, while at one-month follow-up
participants had the option to fill out the questionnaires on paper
or electronically.

The mGES questionnaire

The mGES is a self-report questionnaire measuring a person’s con-
fidence to safely perform walking related tasks (see
Supplementary Material A) [17]. It contains 10 questions, which
are answered on a scale from 1, no confidence, to 10, complete
confidence. Construct validity and excellent reliability (ICC(2,1) ¼
0.93) and internal consistency (a¼ 0.94) were shown in a British
population, although there was a ceiling effect of 7.8% [17].

Translation of the British mGES to Dutch

We translated the British version of the mGES [17] to Dutch
according to the methods described by Beaton, Bombardier [21],

with the exception of stages four and five. During stage one, two
native Dutch translators translated the questionnaire from English
to Dutch. In stages two and three, the two translations were com-
bined and then translated back to English. Beaton and colleagues’
stage four requires an expert committee to review the product of
stage three [21]. This expert committee should consist of a meth-
odologist, health professionals,language professionals, and the
translators [21]. As an alternative to stage four, we had a panel,
consisting of two of the authors, one who was also a translator,
and an independent reviewer who was a medical doctor, review-
ing the combined version of stages one to three. Stage five of
Beaton’s guidelines suggests to submit the questionnaire to a
small group of subjects and interview them afterwards to confirm
that the interpretation of the individual questions remained con-
sistent with the original questionnaire. We did not perform stage
five. Finally, a native English speaker did the final review after we
applied the changes suggested by the panel and we applied his
comments to create the final version.

The FES-I questionnaire

The FES-I is a self-report questionnaire measuring the amount of
concern for falling during everyday activities [4]. It contains 16
questions, which can be answered on a scale from 1, not con-
cerned, to 4, very concerned. The Dutch translation is a valid
instrument with excellent internal consistency (a¼ 0.96) and test-
retest reliability (icc ¼ 0.96) [4,22]. Similar as for the mGES, we
instructed participants to fill out the FES-I at home.

Statistical analysis

Statistical analyses were performed in R (R Core Team (2015),
Vienna, Austria). Participants were excluded if they had one or
more missing values for the mGES, more than four missing values
for the FES-I, or had fallen in between baseline and one-month
follow-up. We also excluded participants whose mGES score dif-
fered between baseline and follow-up by more than 40 points
(arbitrarily chosen), as some participants appeared to have inter-
preted the scales the wrong way around, answering 1 to nearly
all questions where they had answered 10 a month earlier.
Results including these participants can be found in
Supplementary Material A. Missing values in the FES-I were substi-
tuted with averages when at least 12 of the 16 questions were
filled out [23].

Descriptive statistics were used to describe the population.
Normality of data distribution was visually inspected. Mean and
standard deviation were used in normally distributed measures.
Median and interquartile ranges (IQR) were used in non-normally
distributed measures. Total number and percentage were used for
binomial and multinomial measures.

Ceiling and floor effects were defined as the number of partici-
pants that scored the maximum or minimum value on a scale,
respectively. We considered a percentage of 15% or more to be
an indication of poor questionnaire performance [24].
Furthermore, post hoc, we performed a stepwise backwards logis-
tic regression analysis to find out what participant characteristics
are associated with ceiling effects on the mGES. The outcome
value was having reached the maximum value on the mGES at
baseline, the predictors were age, gender, GDS score, body
height, body mass, fall history, HGF, education and having filled
out the questionnaire electronically during follow-up.

Construct validity of the mGES was assessed by determining
Spearman’s correlation coefficient between the mGES scores and
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the FES-I scores at baseline. The FES-I contains items relating to
self-efficacy in a domain closely related to walking safety but asks
subjects for their concern for falling, whereas the mGES asks for
confidence. Therefore, we classified a rho above �0.20 as very
weak, �0.20 to �0.39 as weak, �0.40 to �0.59 as moderate,
�0.60 to �0.79 as strong and �0.80 and below as excellent evi-
dence for the construct validity of the mGES [25].

Internal consistency was assessed by determining Cronbach’s
Alpha at baseline. Alpha values between 0.70 and 0.90 are consid-
ered excellent, whereas values < 0.70 indicate inconsistency and
values > 0.90 indicate redundancy of questionnaire items [26].

Test-retest reliability was assessed by estimating ICC and upper
and lower Limits of Agreement (LoA) using R package ‘irr’ version
0.84 [27] based on a single-rating (k¼ 1), absolute-agreement, 2-
way mixed-effects model between baseline and follow-up. An
absolute agreement model, instead of a consistency model, was
chosen because in an absolute agreement model a systematic dif-
ference between ratings is penalized, while in a consistency
model it is not. We considered ICC estimates below 0.4 as poor,
between 0.4 and 0.59 as moderate, between 0.6 and 0.79 as
strong and above 0.8 as excellent [28].

Measurement error was quantified by the Standard Error of
Measurement (SEM) which was determined from the square root
of the summation of the between day and residual variance com-
ponents from an ANOVA [26,29]. Furthermore, we determined the
smallest detectable change (SDC), also referred to as the minimal
difference needed to be considered real, by multiplying the SEM
by 1.96 and the square root of 2 [29].

Results

Of the 284 community-dwelling older adults, we included a total
of 223 participants. We excluded 27 participants for not filling out
sufficient numbers of items of either or both of the questionnaires
at baseline or follow-up. Another 24 participants were excluded,
because they had fallen between baseline and follow-up, which
may have affected their confidence. Finally, ten participants were
excluded because their baseline and follow-up mGES scores dif-
fered by more than 40 points, indicating that they had misinter-
preted the questionnaire either, but not both, at baseline or at
follow-up. Sensitivity analysis including these ten participants can
be found in Supplementary Material A. Table 1 shows the descrip-
tive statistics of the remaining 223 participants.

The mGES showed a ceiling effect (19.7% of participants at
ceiling) and the FES-I showed a similar floor effect (17.0% of par-
ticipants at floor). A stepwise backwards logistic regression model
revealed four participant characteristics to be associated with the
ceiling effect of the mGES: GDS score (OR ¼ 0.97, 95% CI
[0.95–1.00], p¼ 0.047), body mass (OR ¼ 0.99, 95% CI [0.99–1.00],
p¼ 0.005), HGF (OR ¼ 1.01, 95% CI [1.01–1.01], p< 0.001) and
having filled out the questionnaire electronically during follow-up
(OR ¼ 1.12, 95% CI [1.01–1.24], p¼ 0.040). The explained variance
of this model was poor (r-squared ¼ 0.16).

Table 2 summarizes the construct validity and reliability results
for the mGES, which are explained in more detail in the follow-
ing sections.

Construct validity

Construct validity was assessed by determining the correlation
between the mGES and the FES-I. Figure 1(A) shows that the two
questionnaires had an excellent correlation (rho ¼ �0.82,
p< 0.001), although there seems to be less consistency for low
mGES and high FES-I scores as can be observed from the wider
spread of scores in those ranges.

Table 1. Participant characteristics.

N¼ 223

General
Age (years), median [IQR] 69.8 [67.6–74.3]
Female, N (%) 155 (69.5)
GDS, median [IQR] 1 [0–2]
Body height (cm) 169.12 (8.44)
Body mass (kg) 74.03 (13.31)
Fall history, N (%) 53 (23.8)
Education level, N (%)
Higher forms of education 177 (79.4)
Lower and general intermediate vocational education 39 (17.5)
Elementary education 6 (2.7)
Did not answer 1 (0.4)

Baseline
mGES, median [IQR] 92 [83–98]
mGES at ceiling, N (%) 44 (19.7)

FES-I, median [IQR] 19 [17–22]
FES-I at floor, N (%) 38 (17.0)

Follow-up
mGES, median [IQR] 94 [84–99]
mGES at ceiling, N (%) 46 (20.6)

Electronic questionnaire, N (%) 89 (39.9)

All values are means and standard deviation (SD) unless otherwise noted. Fall history is the number of participants that reported
to have fallen at least twice in the 12months prior to the baseline assessment. Percentages at ceiling (mGES) and floor (FES-I) are
given, there were no participants at floor (mGES) or ceiling (FES-I).

Table 2. Construct validity and reliability of the mGES.

Construct validity
correlation between mGES and FES-I, rspearman (p-value) �0.81 (p< 0.001)

Reliability
Internal consistency, a 0.95
Test-retest reliability, ICC(2,1) [95% CI] 0.90 [0.87; 0.92]
SEM 4.7
Limits of agreement �13.7; 11.9
Smallest detectable change 13.0
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Internal consistency and test re-test reliability

Internal consistency for the ten items of the mGES was high
(a¼ 0.95), indicating that some questions may be redundant. We
also examined test re-test reliability, by determining the agree-
ment of mGES scores at baseline with scores at follow-up. We
found that the mGES questionnaire had excellent reliability when
measured twice, with a period of one month in between meas-
urements (ICC(2,1) ¼ 0.90, 95% CI ¼ [0.87–0.92]). The SEM was
4.7, the lower and upper LoA were �13.7 and 11.9, respectively,
and the SDC was 13.0. Figure 1(B) shows a Bland-Altman plot of
the mGES scores. Differences between assessments seem to be
equally present for people with high or low mGES scores.

Discussion

In this study, we assessed the construct validity, internal consist-
ency and test re-test reliability of the Dutch translation of the
mGES in a Dutch population of older adults and found these to
be excellent, although the high internal consistency indicated that
some items may be redundant. Furthermore, a relatively large
ceiling effect was found, indicating that care should be taken

when using the scale in physically fit older adults without symp-
toms of depression.

Compared to the original validation study of the mGES by
Newell and colleagues (2012), our translated version of the mGES
showed similar values for internal consistency, test-retest reliabil-
ity, SEM and limits of agreement and was similarly associated
with scores on a questionnaire for falls efficacy. An important dif-
ference between the two studies was reflected in the participant
characteristics, suggesting that our population was less heteroge-
neous than theirs. Furthermore, their results may have been less
influenced by ceiling effects, as only 7.8% of their participants
scored the maximum value on the mGES versus 19.7% in our
population whereas a cut-off of 15% is commonly used to deter-
mine if the ceiling effect has a negative impact on the question-
naire performance [24]. To identify characteristics of participants
who had scored the maximum value on the mGES, indicating
complete confidence in their ability to safely perform gait related
activities, we performed a stepwise backwards logistic regression
analysis. The explained variance of this model was poor (r-squared
¼ 0.16). Still, we advise not to use the mGES in a population of
physically fit older adults without symptoms of depression, to
avoid ceiling effects.

Figure 1. (A) Scatter plot of the mGES and FES-I. The size of the dots represents the number of participants (n). (B) Bland-Altman plot showing the difference
between baseline and follow-up mGES scores (baseline minus follow-up scores) as a function of the mean of baseline and follow-up scores. The centre dotted line
represents the mean difference in mGES score between the two assessments. The outer dotted lines represent the upper and lower LoA.
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As stated above, some items of the mGES may have been
redundant as indicated by the high internal consistency. The ori-
ginal version of the mGES reported a similar Cronbach’s alpha
and tested whether exclusion of items would change the consist-
ency of the questionnaire, which it did not [17]. In order to keep
the British and Dutch versions as comparable as possible we do
not recommend excluding questions from the Dutch version of
the mGES.

Unlike the study of Newell and colleagues, we asked partici-
pants to fill out the questionnaire independently. We found that
this approach worked well with most participants, although ten
participants, who were excluded from the analyses (see
Supplementary Material A for results including these 10 partici-
pants), had large differences between their baseline mGES score
and their follow-up score. These participants did not show a simi-
lar change in FES-I score. As such, we belief that they had filled
out the mGES questionnaire incorrectly, indicating low scores (no
confidence) when they had meant to indicate high scores (com-
plete confidence). It is possible that participants did not read the
instructions properly, or it may be that the instructions were not
clear enough. Nine out of these ten participants filled out the
mGES electronically during follow-up. The major difference
between the paper and electronical version of the mGES was that
in the electronic version the labels “no confidence” and “complete
confidence” were only shown at the top of the questionnaire. The
scale on which the participant had to indicate their level of confi-
dence only showed the number from one to ten. When asking
older adults to fill-out this questionnaire independently, we advise
to provide clear and concise instructions and to always add the
labels “no confidence” and “complete confidence” to the scale for
each individual item. The visual appearance of the scale may also
benefit from a different format, for instance by adding pictograms
or by increasing the font size of the classifications ‘no confidence’
and ‘complete confidence’ that accompany the numbered scale
and placing them at the same height as the scale instead of plac-
ing them underneath it (Supplementary Material B). The majority
of participants, however, did not appear to have problems with
filling-out the questionnaire and very few left items unanswered.

We also observed that FES-I scores of participants with a low
mGES scores were less consistent than those of participants with
high mGES scores, although this was not statistically tested. It
may reflect the notion that efficacy is task specific and task-
related differences may be most apparent in people who are con-
cerned or not confident [9]. Compared to the items of the mGES,
the items in the FES-I have a wider range of proposed scenarios,
ranging from walking related activities to balancing related activ-
ities such as getting (un)dressed. It is therefore conceivable that
older adults who are not confident in their walking ability are still
confident in other, i.e., balancing, activities, or vice versa.

We believe that the one-month interval between the baseline
and follow-up measurement should prevent recall bias as much
as possible while at the same time ensuring that a person’s gait
efficacy remained stable, such that test-retest reliability could be
adequately tested. Considering that we found relatively high test-
retest reliability (ICC(2,1) ¼ 0.90) we do not believe that our con-
clusions would be altered by a shorter time interval between
assessments. However, the interval was arbitrarily chosen and it is
possible that recall bias may have inflated test-retest reliability.

The strengths of our study are its sample size and the thor-
ough translation process involving a committee consisting of indi-
viduals from multiple disciplines. Some limitations have already
been discussed; namely, that we did not submit the translated
questionnaire to a small group to confirm that the interpretation

by the participants was the same as the original British version,
that the length of the follow-up period was arbitrarily chosen and
that there was a strong ceiling effect in our population. Another
limitation may be that in neither our study nor in the study by
Newell and colleagues (2012) a factor analysis was performed and
hence structural validity has not been tested. Furthermore, we
deliberately did not relate the results of the mGES to actual gait
performance as a means of construct validity. Previous literature
has shown that self-perceived performance may not be a consist-
ent representation of older people’s actual performance [22].
Hence, we deem testing the construct validity of a self-efficacy
scale by its relation to actual performance not suitable.
Nevertheless, future research should focus on whether and how
this questionnaire can be used for goal-setting to meet one’s
actual gait ability during rehabilitation and how responsive the
questionnaire is in clinical populations.

Conclusion

We conclude that the Dutch translation of the mGES is a valid
and reliable tool for assessing self-perceived gait efficacy in com-
munity-dwelling older adults.
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