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Abstract

Background: The need to attend a medically supervised hospital- or clinic-based appointment is a well-recognized barrier to
exercise participation. The development of reliable and accurate home-based functional tests has the potential to decrease the
burden on the health care system while enabling support, information, and assessment.

Objective: Thisstudy aimsto explore the usability (ie, acceptability, satisfaction, accuracy, and practicality) of the EasyMeasure
app to self-administer the 6-minute walk test (6MWT) in young, healthy adults and determine parallel form reliability and construct
validity of conducting a self-administered BMWT using technol ogy.

Methods: We used a usability study design. English-speaking, undergraduate university students who had access to an iPhone
or iPad device running iOS 10 or later and self-reported ability to walk for 6 minutes were recruited for this study. Consenting
participants were randomized to either astandard BMWT group (ie, supervised without the use of the app) or atechnology 6MWT
group (ie, unsupervised with the app to mimic independent implementation of the test). All participants performed a maximal
treadmill test. Participants in the BMWT group completed the Unified Theory of Acceptance and Use of Technology (UTAUT)
guestionnaire and a satisfaction questionnaire after completing the assessment. Parallel form reliability of the BMWT using
technology was analyzed by comparing participant self-administered scores and assessor scores using Pearson correlation
coefficients across and between trials. Construct validity was assessed by comparing participant BMWT scores (both standard
and using technology) with maximum treadmill test variables (peak oxygen uptake and ventilatory threshold [V T]).

Results: Intotal, 20 university students consented to participate in the study. All but 2 participants (8/10, 80%) in the technology
6MWT group had deviationsthat prevented them from accurately conducting the BMWT using the app, and none of the participants
were ableto successfully scorethe BMWT. However, asignificantly strong correl ation was found (r=.834; P=.003) when comparing
participants’ scores for the BMWT using technology with the assessors' scores. No significant correlations were found between
maximal treadmill test peak oxygen uptake scores and 6BMWT prediction equations using standard 6MWT scores (equation 1:
r=0.119; P=.78; equation 2: r=0.095; P=.82; equation 3: r=0.119; P=.78); however, standard BMWT scores were significantly
correlated with VT values (r=0.810; P=.02). The calculated submaximal treadmill scores and assessor 6MWT scores using
technology also demonstrated a significant correlation (r=0.661; P=.04).

Conclusions: Thisstudy demonstrated significant usability concerns regarding the accuracy of a self-administered SMWT using
the EasyMeasure app. However, the strong and significant correlation between the BMWT and VT values demonstrates the
potential of the BMWT to measure functional capacity for community-based exercise screening and patient monitoring.

(IMIR Rehabil Assist Technol 2021;8(3):e22818) doi: 10.2196/22818
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Introduction

Background

Tests of mobility, physical functioning, and aerobic capacity
are commonly used in research and clinical practiceto evaluate
the impact of exercise programs [1] and for prognostic
prescreening and risk management purposes (eg, identifying
individuals at risk for complications related to certain medical
conditions and exercise participation) [2]. However, the need
to attend a medically supervised hospital- or clinic-based
screening assessment is a well-recognized barrier to exercise
participation [2,3]. This barrier is likely heightened for
individuals who are older, are living in rura and remote
communities, are living with chronic conditions that limit their
functional independence, and lack accessible health care
Services.

In Canada, thereisarapidly growing aging popul ation wherein
1in 4 adults live with 2 or more chronic conditions, and half
of older adultslive with three or more chronic conditions[4-6].
Furthermore, many individuals live in remote and rura
communities, limiting health care availability. Therefore, it is
becoming increasingly important to develop simple,
self-administered, and home-based functional tests for
community physicians and rehabilitation professionals to
facilitate distance-based risk screening and pre-exercise
clearances. The development of reliable and accurate
home-based functional tests has the potential to decrease the
burden on the hedlth care system while enabling support,
information, and assessments.

The 6-minute walk test (BMWT) is an easy to perform,
submaximal, and widely used test of functional exercise capacity
[7]. 1t is used clinically as an objective measure of functional
statusto determine appropriate exercise prescription and predict
morbidity and mortality [7]. It measures the distance covered
in 6 minutes, with the objective being to walk as far as possible
at a comfortable pace within those 6 minutes [7]. The BMWT
has been used in people across the lifespan (eg, aged 2-65+
years) and a range of health conditions (eg, stroke, pulmonary
diseases, osteoarthritis, and dementia) [ 7], with established age-
and condition-specific normative data available by sex [1]. The
6MWT has demonstrated responsiveness to assess change in
functional exercise capacity, and minimal clinically important
differences for various populations, ranging from 19 to 49 m,
have been established [8,9]. In addition, the ability to walk
approximately 288 to 300 m in 6 minutes has been suggested
as a threshold for functional independence and community
ambulation [10,11]. Asthe BMWT iswidely used clinicaly as
atest of functional exercise capacity, it isimportant to validate
its ability to estimate peak oxygen uptake (VO,pe) to ensure
its outcomes are being used safely and reliably. A
cardiopulmonary exercise test (CPET) is the gold standard for
assessing VOgpey. However, CPET requires specialized
equipment and personnel that are not widely available,
particularly in rura and remote communities. Currently,
correlation coefficients for the SMWT and VO, reported in
the literature range in value [12,13]. Given this evidence and
the common clinical use of the BMWT, it is important for
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researchers to continue to explore the accuracy of estimating
VOype from 6MWT data using a variety of predictive

equations.

The EasyMeasure app [14] shows the distance from the phone
to an object, as seen through the lens of the iPhone or iPad
camera. It is free to download on any Apple iPhone, iPad, or
iPod device that hasiOS 10.0 or later installed. This app can
be useful in conducting a self-administered BMWT by allowing
users to measure the distance to an object before beginning the
walking test. This could aid in calculating the total distance
walked at the end of 6 minutes. The EasyMeasure app does not
include a lap counter or timer as part of its functions. To date,
no study has assessed the use of the EasyMeasure app as a tool
to self-administer the BMWT in any population.

Objective

The primary objective of this study is to explore the usability
(ie, acceptability, satisfaction, accuracy, and practicality) of the
EasyMeasure app to self-administer the 6BMWT in young,
healthy adults. Our secondary objectives are to determine the
parallel form reliability and construct validity of conducting a
self-administered BMWT using technology. The results of this
trial in a healthy young adult population will help determine
the updates and changes necessary for successful implementation
before use with other populations.

Methods

Study Design

A usability study design was used to test the app characteristics,
parallel form reliability, and construct validity of conducting a
self-administered 6BMWT using technology in a controlled
setting. Participants were asked to perform either a
self-administered 6BMWT using the EasyMeasure app or a
traditional investigator-supervised BMWT in thelaboratory. All
participants were also asked to perform a maximal treadmill
test for aerobic capacity. The University of Toronto Research
Ethics Board approved this study (#37108).

Participants and Recruitment

We recruited 20 undergraduate university students via email
within the Faculty of Kinesiology and Physical Education and
among varsity athletes from the University of Toronto. Eligible
participants included (1) English-speaking (2) undergraduate
university students (3) younger than 30 years (4) who had access
to an iPhone or iPad device running iOS 10 or later, (5) were
willing to download the EasyM easure app on their device, and
(7) self-reported being able to walk for 6 minutes. Potential
participants were excluded from the study if they (1)
self-reported having any physical injury or condition that
precluded them from walking safely for 6 minutes or (2)
self-reported a cognitive condition that precluded them from
understanding instructions or the consent form provided.
Interested respondents contacted the study investigators to
schedule an assessment session date and time. All participants
were required to complete written informed consent before
beginning the project.
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Procedure

Preparation

Eligible consenting participants were randomized to either the
standard 6BMWT group (ie, supervised without the app) or the
technology 6MWT group (ie, unsupervised with the
EasyM easure app to mimic independent implementation of the
test). Before the testing session, all participants were asked to
download the EasyM easure app onto their devices. Upon arrival
at the testing sessions, participants were informed of which
version of the BMWT they would complete. Participants’ heart
rate, blood pressure, rate of perceived exertion (RPE), and
oxygen saturation levels were assessed before and after the
testing sessions to ensure participant safety.

Standard 6MWT

Participants in the standard group were given the 6MWT
instructions by an assessor (physiotherapist [JST] or exercise
physiologist [SCA]). Participants were asked to walk as quickly
as possible in a comfortable manner for 6 minutes along a
previously measured straight pathway. During the test,
participants were timed by the assessor and given standard
encouragement at each minute interval. The assessor counted
the number of laps performed by each participant. At 6 minutes,
participants stopped at their location along the path, and the
assessor measured the total distance walked for the final lap.
The assessor calculated the total distance walked in 6 minutes
and interpreted the participants' test scores.

6MWT Using Technology

Compared with the standard BMWT group, participants in the
technology group had to measure the distance between
objectives (measure the test path), time the test, and count laps
independently. To accomplish this, participantsin the technology
group were given instructions by the assessor on how to usethe
EasyMeasure app (including instructions for proper calibration
of the app as well as how to measure the distance to an object
and how to take a photo of the distance recorded), how to
perform the BMWT, and how to interpret their GBMWT scores.
Participants used the app to measure the distance from the
starting point to a predefined object. They recorded the distance
between the starting point and the object by taking astill image
using the app. Participants then walked consistently for 6
minutes around the 2 objects. Independent of the EasyMeasure
app, they timed themselves using their cell phones and counted
laps (either within their head or with the counter function on
their phone). At the completion of the 6 minutes, they used the
EasyM eausre app to measure the distance walked a ong the path
during their final l1ap. They recorded this distance by taking a
still image using the app. After performing the test, participants
calculated the results of their test (ie, how many meters they
walked in 6 minutes) by multiplying the number of lapswalked
by the distance measured in the app. They then interpreted their
test scores by comparing their 6BMWT score with provided
normative values for age and sex (ie, determine if their scores
were within normal limits for their age range and state if they
were safe to exercise independently based on results).

This test was performed autonomously but in the laboratory.
An assessor was present but did not interfere with or provide
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encouragement. The assessor knew the distance from the starting
line to the object of measurement and counted the laps the
participants completed to track accuracy; however, participants
were not aware of the assessor’s count. The assessor also made
notes on the number of deviations to instructions made by
participants, the ability of participants to successfully report
and interpret their scores, and if any additional resources were
needed by participants.

After completing the test, participantsin this group completed
the Unified Theory of Acceptance and Use of Technology
(UTAUT) questionnaire and a satisfaction questionnaire. The
UTAUT is an 18-item self-report measure used to explain
individuals' intentionsto use aform of technology. It holdsfour
key constructs, including (1) performance expectancy (the extent
to which the individual believes that use of the technology will
lead to improved health), (2) effort expectancy (how easy was
the use of technology perceived to be), (3) social influence (the
extent to which an individual believes that others want them to
use this technology system), and (4) facilitating conditions (to
what extent did anindividual believe thereisthe organizational
and technical infrastructure to support the use of this process)
[15]. Each item was graded on a 5-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree) [15]. The
satisfaction questionnaire allowed individuals to describe the
positive and negative aspects of using this approach to conduct
a 6MWT and their thoughts on the practicality of performing
these tests in this manner alone at home. The survey had 8
guestions that were measured on a 7-point Likert scale from 1
(not at all) to 7 (extremely) and two open-ended questions at
the end where participants gave additional details as to what
they liked and did not like about using the app to perform the
B6MWT. This survey was pilot-tested by a study investigator in
aprevious project [16].

Maximal Treadmill Test

Following the BMWTS, VO, Was assessed viaa CPET on a
treadmill under the supervison of a certified exercise
physiologist (SCA) using an individualized protocol [17].
Briefly, participants began by performing a 5-minute warm-up
at a0% incline at abelt speed sufficient to elicit approximately
60% of their age-predicted maximal heart rate. The test
continued using the constant individualized belt speed
established during the warm-up, with the incline increasing by
2% every 2 minutes until exhaustion. Participants oxygen
uptake (TrueOne 2400, Parvo Medics) and heart rate (FT4 HR
monitor, Polar) were measured continuously. Blood pressure
and RPE wererecorded every 2-4 minutes. VO,pey Was defined
as the highest 15-second average value for oxygen uptake
recorded during the test. The maximal effort was defined as
participants achieving at least two of the following criteria: (1)
leveling off of oxygen uptake despite an increase in workload,
(2) respiratory exchange ratio >1.1, and (3) RPE =9/10 [18].
Theventilatory threshold (V T) was estimated using the V-slope
method [19].

Sample Size

The sample sizefor thisstudy was determined based oninformal
guidelinesfor usability (ie, acceptability, satisfaction, accuracy,
and practicality), suggesting a group size of 3-20 participants
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[20]. By the end of the trial, we ensured that no new problems
arose during subject performance (saturation of data) to ensure
we had included enough participants to address the main study
aim.

Data Analysis

Quantitative data were summarized using descriptive statistics
(ie, means and SDs reported for continuous data; frequencies
and percentages reported for categorical data). The open-ended
survey questions were analyzed using qualitative descriptive
analysis, and responseswere grouped into meaningful categories
that arose from the data. Parallel form reliability of the BMWT
using technology was analyzed by comparing participant
self-administered scores with assessor scores using Pearson
correlation coefficients across and between trias. A t test was
used to determine the statistical significance between the
assessor and participant scores. Construct validity was assessed
by comparing participant 6BMWT scores (both standard and
using technology) with CPET-derived variables (i€, VO,pey
and VT). As there is no standardized way to convert 6GMWT
values t0 VO,ey estimates, 3 commonly used predictive
equations were used to estimate VO, from 6MWT scores
for each participant. Using 3 different equations, as opposed to
choosing one, allowed consideration of alarger scope of possible
VOypea Values when comparing outcomes. The estimated

Table 1. Participant characteristics and BMWT? results.
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VO, Values for each equation were then plotted on a

scatterplot to identify the outliers. The remaining scores were
then correlated to actual VO, Values obtained from the
maximal treadmill test using Spearman correlation coefficients
across and between trials to determine the strength of the
relationship. The correlations between the BMWT and VT values
weresimilarly assessed using Spearman correlation coefficients
to examinethe ordinal relationship between the 2 variables. All
statistical analyses were conducted using STATA (version 15,
StataCorp) with the significance set at P<.05.

Results

Participant Characteristics

In total, 20 university students consented to participate in this
study; 10 participants were randomized to each group. Most
participants (16/20, 80%) were female with amean age of 20.1
(SD 2.2) years. Participants had a mean height of 165.8 (SD
7.8) cm and a mean weight of 65.0 (SD 10.9) kg. Participant
characteristics and VO, estimates for each group are shown
in Table 1. Overall, participants in the standard 6MWT group
walked significantly further during the test than those in the
self-administered BMWT group (mean difference 163.4, 95%
Cl 95.4-231.5; P=.001).

6MWT using technology (n=10)

Characteristic Standard BMWT group (n=10)
Age (years), mean (SD) 20.6 (2.91)
Sex (female), n (%) 8(80)
Height (cm), mean (SD) 168.22 (6.87)
Weight (kg), mean (SD) 65.55 (11.17)
6MWT distance (m), mean (SD) 658.74 (62.69)
VOope” estimate 19, mean (SD) 23.74(1.89)
VOypeak estimate 2°, mean (SD) 2445 (1.62)
20.10 (1.44)

VOypeak estimate 3, mean (SD)

19.5(1.18)
8 (80)

163.44 (8.22)
65.52 (11.36)
495.30 (80.95)°
19.56 (4.75)
21.41 (3.78)

16.90 (3.64)

BMWT: 6-minute walk test.

BA ssessor score.

VOppeak: Peak oxygen uptake.

peak oxygen uptake = 0.03 x distance (m) + 3.98 [21].

®Peak oxygen uptake = 0.02 x distance (m) — 0.191 x age (years) — 0.07 x weight (kg) + 0.09 x height (cm) + 0.26 x (rate pressure product x 10‘3) +

2.45[21].
"Peak oxygen uptake = 4.948 + 0.023 x distance (m) [22].

Usability Outcomes

A total of 10 participants completed the BMWT using this
technology. All but 2 participants (8/10, 80%) had deviations
that prevented them from accurately conducting the test using
the EasyMeasure app. Thisincluded 60% (6/10) of participants
who lost the count of laps, 40% (4/10) who did not walk at their
maximum pace, and 10% (1/10) who did not measure the
distance of their last lap.

https://rehab.jmir.org/2021/3/e22818

None of the participants were able to successfully score (ie,
calculate the actual distance covered in 6 minutes) the GMWT;
60% (6/10) of participants did not count the number of laps
correctly, and 60% (6/10) measured the distance of each lap
incorrectly by =0.5 m. In total, 30% (3/10) of participants
interpreted their scores incorrectly, reporting that they were
within normal limits for their age and sex when they were not;
40% (4/10) of participants identified that they required
additional resourcesto conduct the test successfully, with 20%
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(2/10) of participants suggesting the need for alap counter and
acalculator.

UTAUT Questionnaire

Table 2 summarizes the participants' responses to the UTAUT
guestionnaire. All effort expectancy question scores had a
median value of 4 (agree) or better, demonstrating that
participants found the process of conducting the BMWT using
the EasyMeasure app easy to perform. The median scores for

Table 2. Unified Theory of Acceptance and Use of Technology results.
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all facilitating condition questions were high (at 5, strongly
agree) and low for technology anxiety questions (2 or less,
disagree), indicating that participants felt they had appropriate
knowledge and skill to comfortably use the EasyMeasure app
to perform the BMWT. When asked if they would be willing to
use asystem such asthisin their health care, most participants
indicated that they would (demonstrated by a median score of
4, agree).

Question 1 (strongly disagree), 2 (disagree), 3(neither disagreeor agree), 4 (agree), 5 (strongly agree), Mean score (SD)
n (%) n (%) n (%) n (%) n (%)

PE? (out of 15) 10.3(1.25)
PE1 0(0) 1(10) 6 (60) 3(30) 0(0) 3.2(0.63)
PE2 0(0) 0(0) 2(20) 7(70) 1(10) 3.9(0.57)
PE3 0(0) 1(10) 6 (60) 3(30) 0(0) 3.2(0.63)

EEP (out of 15) 12.8 (1.75)
EE1 0(0) 0(0) 1(10) 6 (60) 3(30) 4.2 (0.63)
EE2 0(0) 0(0) 1(10) 4 (40) 5 (50) 4.4(0.70)
EES3 0(0) 0(0) 1(10) 6 (60) 3(30) 4.2 (0.63)

SI® (out of 15) 9.60 (2.01)
IS 1(10) 3(30) 5 (50) 1(10) 0(0) 2.6 (0.84)
SI2 0(0) 0(0) 4 (40) 5 (50) 1(10) 3.7(0.67)
SI3 1(10) 2(20) 2(20) 3(30) 2(20) 3.3(1.34)

Fcd (out of 20) 18.9 (2.60)
FC1 0(0) 0(0) 1(10) 1(10) 8(80) 4.7 (0.67)
FC2 0(0) 0(0) 1(10) 1(10) 8(80) 4.8(0.79)
FC3 0(0) 0(0) 1(10) 0(0) 9(90) 4.8(0.63)
FC4 0(0) 1(10) 0(0) 1(10) 8(80) 4.6 (0.97)

ANXE (out of 15)f 4.3(1.15)
ANX1 7 (70) 3(30) 0(0) 0(0) 0(0) 1.3(0.48)
ANX2 4(40) 5 (50) 1(10) 0(0) 0(0) 1.56 (0.70)
ANX3 5 (50) 4 (40) 1(10) 0(0) 0(0) 1.6 (0.70)

BY (out of 10) 5.9 (233)
B2 2(20) 3(30) 2(20) 2(20) 1(10) 2.7 (1.33)
B3 1(10) 2(20) 1(10) 6 (60) 0(0) 3.2(1.14)

3PE: performance expectancy.
bEE: effort expectancy.

%3l: social influence.

drc: facilitating conditions.
EANX: technology anxiety.

fPerformance expectancy, effort expectancy, social influence, facilitating conditions, behavioral intention to use scales: a higher score is better (eg,
higher performance expectancy); for the technology anxiety scale, alower scoreis better (lower anxiety).

9B: behavioral intention to use.
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Satisfaction Questionnaire

Table 3 summarizesthe participant responses for each question
of the satisfaction questionnaire. When asked about the positive
aspects of the 6MWT using technology, 60% (6/10) of
participants appreciated that it was easy to use and set up, 50%
(5/10) liked that it was accessible and free for everyone, 30%
(3/10) appreciated the accuracy of measurement, 10% (1/10)
liked that it could be used at home, and 10% (1/10) liked that
it was quick to perform. Negative aspects reported by

Table 3. Satisfaction questionnaire results.

Smith-Turchyn et al

participants included that the app did not provide information
directly related to the 6MWT (reported by 5/10, 50% of
participants). Specifically, the app did not count the number of
laps completed, and they had to calculate the total distance
walked on their own. Moreover, 20% (2/10) of participants did
not like that the distance between the 2 objects was small. Other
negative aspects included that the app had distracting
advertisements (1/10, 10%) and required a smartphone (1/10,
10%). Only 10% (1/10) of participants questioned the accuracy
of the app’s ability to measure distance.

Question Median score®
1. How logical does the use of the EasyMeasure app to conduct a self-administered BMWTP seem to you? 55
2. How scientific does this way of testing the BMWT seem to you? 5

3. How complete does this way of testing the BMWT seem to you? In other words, do you think thismethod 5
covers al of the necessary steps of performing this test to get an accurate value? Would you need any other

resources?

4. To what extent would this form of self-evaluation help an individual assess their performance capacity? 5

5. How likely would you be to use this method to assess your GBMWT scoreif it was available to you?

45

6. How likely would you beto assess your BMWT scorein this capacity at home, compared to having acertified 5.5

health care professional perform thistest for you at another location?

7. How effective do you think this method to assessa6MWT score would be for most people? 4

8. If aclosefriend or relative wanted to assess their walking capacity, would you recommend they use this 5

method to test?

85cored from 1 (not at all) to 7 (extremely).
BEMWT: 6-minute walk test.

Reliability

A significantly strong correlation wasfound (r=0.834; P=.003)
when comparing participants scores (self-determined total
distance walked) for the BMWT using technology with the
assessors scores (actual distance walked). No statistically
significant difference was found between the participant and
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assessor scores (t5=0.4319; P=.67). However, when comparing
differences between participant and assessor scores, al vaues
were greater than the 6MWT mean clinically important
difference (MCID) values, demonstrating inaccuracy between
the 2 measures. Figure 1 shows a comparison of the assessor
and participant scores.
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Figure 1. Participant versus assessor scores using 6-minute walk test technol ogy.
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After reviewing the outcomes on a scatterplot, two participant
scores were removed as outliers. The remaining scores
demonstrated no significant correlation between maximal
treadmill test VO, scores and any of the SMWT prediction
equations using the standard 6MWT scores (equation 1: r=0.119;
P=.78; equation 2: r=0.095; P=.82; equation 3: r=0.119; P=.78).
However, the BMWT scores were significantly correlated with
VT values (r=0.810; P=.01).

6MWT Using Technology

Owing to inaccuracy in participant scores when performing the
self-administered BMWT using technology, comparisons were
only made between assessor scores and maximal treadmill test
V Oy SCOTeEs. After reviewing the scores on a scatterplot, no
outliers were removed. A significant correlation was found
between equation 2 and the BMWT scores (equation 2: r=0.721;
P=.02). No significant correlations were demonstrated for the
2 other equations (equation 1: r=0.576; P=.08; equation 3:
r=0.576; P=.08), although it is acknowledged that the correlation
coefficients are at least moderate in strength and may suggest
meaningful associations. The calculated submaximal treadmill
scores and assessor  6MWT scores using technology
demonstrated a significant correlation (r=0.661; P=.04).

Assessor Feedback and Learnings

After observing the participants in the 6MWT group, the
assessor noted commonalities in participant behavior. First,
many young adults in this group were not perceived to be
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walking at their maximum speed, asinstructed by the assessor.
It appeared to be difficult for this group to multitask (walk,
count laps, and time themselves) and correctly interpret their
6MWT scores. For example, even when scores obtained were
below normal age-matched values (most often due to not
walking at maximum walking speed), they often said they were
safe to exercise based on their perception of their overall health.
Together, these observations may help to explain theinaccurate
findings of participants in the technology 6MWT group when
compared with those in the standard 6GMWT group.

Discussion

Principal Findings

The usability, reliability, and validity of conducting a
self-administered 6MWT using a distance measurement app
was explored among healthy young adults. The results of this
study suggest that participants accepted the EasyMeasure app
to performthe 6BMWT. However, aprimary finding of this study
is that participants were unable to accurately self-administer
and interpret the results of the 6BMWT using this app. This
finding suggests that the autonomously implemented 6MWT
may not be feasible. Overall, these findings suggest a need to
update the app and develop a more accurate process for
measuring and interpreting the BMWT beforeit can be used for
clinical and research purposes. Our findings are particularly
concerning given that younger university students are adept at
using technology and applying simple standardsfor interpreting
their results compared with older individuals living with or
without chronic comorbidities [23].
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Interestingly, our findings of inaccuracy are not consistent with
those from arelated study that tested an investigator-devel oped
6MWT app in older patients with chronic heart failure and
hypertension [24]. The authorsfound that participants accurately
and reliably measured the distance covered during the 6BMWT
using an app both within the laboratory and at home [24].
Participants in both studies reported that the apps were simple
and easy to use independently [24]; however, the methods of
measurement and app characteristics differed between the two
studies and likely contributed to some of the inaccuracy
observed in our study. Specifically, in the study by Brooks et
al [24], participants were not required to count the number of
laps walked or the distance between the starting point and
endpoint of asinglelap; the app did thisfor them and minimized
the number of potential sources of measurement error. An
advantage of the EasyMeasure app isthat it is freely available
to the public for download. However, the observed inaccuracy
associated with our protocol using this technology solution
negates the benefits of its accessibility. Furthermore, the age of
the study participants was different. Older adults have less
experience using technology and higher levels of
technology-related anxiety than younger adults [23,25].
However, there is more research surrounding the needs of these
individual sto successfully usetechnology in research and health
care[23,25,26]. Theyounger participantsin this study appeared
to be quite comfortable using technology; however, this
increased comfort with technology may have led to adecreased
attention to the technol ogy-rel ated instructions provided and to
the use of the various app settingsin general [27].

The parallel form reliability findings revealed a significantly
strong correlation between participants self-administered
6MWT scores and assessor scores for the group using
technology. However, the differences between participant and
assessor scores all exceeded the MCID values for the GMWT
(ie, 19-49m[10,11]). MCID isdefined asthe smallest difference
in ascore on an outcome where patients perceive a benefit and
hence mandates a change in the patient’s management [28]. The
MCID was introduced to ensure that the outcomes of clinical
trials were meaningful for the patient. In many instances,
statistical significance is necessary but not sufficient [29]. As
6MWT MCID vaues were reached when comparing the
differences between participant and assessor scores in all
instances, concern arose asthese differences could beinterpreted
as a meaningful difference to patients and affect the treatment
they receive. Therefore, this result should be interpreted with
caution.

Finally, validity results from this project found that 6MWT
scores were significantly and strongly correlated with maximal
treadmill test VT scores. This finding demonstrates that the
6MWT may be a valid measure of functional capacity and a
marker of functional independence for clinicians to use when
screening and monitoring patients in community settings.
However, the results of this study showed that the BMWT scores
did not correlate with the maximal treadmill test VO,pe SCOTES.
In this study, the BMWT consistently underestimated VO ey
Thereisvariability intheliterature regarding this outcome, with
some studies demonstrating the validity of the 6MWT in
predicting VO,peq [30,31] and others demonstrating that the
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6MWT is not a valid test to predict VO,peak [32]. This
inconsistency is likely because the 2 tests measure different
functional capabilities, and although the BMWT may require
near-maximal effort in some frail or impaired populations, itis
not a valid measure of maxima oxygen uptake in many
populations. Owing to the variability in correlation outcomes,
it may be worthwhileto explore the use of other teststhat could
be self-administered to use as apredictor of functional capacity.
For example, the Siconolfi step test [33] is a test in which
participants are required to step up and down from a 10-inch
step for a maximum of three 3-minute stages with increasing
step rates [33]. It is atest that can be performed in any setting
and isvalidated to predict VO, in hedthy adults[34,35] and
those with a variety of chronic conditions [33,36,37]. Future
studies should look at the potentia of having this test be
self-administered and compare different formats of functional
capacity tests to determine which is most accurate and which
participants are most satisfied with. Furthermore, moreresearch
is needed to test the effects of autonomously implemented
functional capacity tests in older adults. A systematic review
examining the use of mobile phones for health in older adults
found 21 studies using distance-based interventions, and none
of the programs included functional capacity assessment [38].
The concern is that interventions are delivered without
appropriate baseline assessments or clearance.

Future Research

On the basis of the findings of this study, it is recommended
that the app used to self-administer the BMWT be redesigned.
Future apps should include functions that count laps, measure
total distance walked, and time the test for users. This would
help to overcome participant errors demonstrated in this study
because of difficulty counting test laps and miscalculation of
thetotal distance walked. In addition, several modifications to
our tested methods should be considered to help overcome the
usability issues identified in this study. The primary
recommendation is to provide more detailed information and
education to participants regarding the methods needed to
accurately perform the test. This should includetraining videos
or written instructionsin addition to verbal instructions on how
to calibrate the app to accurately measure the distance walked
and information on how to perform and score the test. This
would allow participantsto review instructions before beginning
the test, which may be most important if the test is being used
with older adults or individual swho report alack of competence
with new technologies[38,39]. Other recommendationsinclude
allowing participantsto have atraining run beforefully scoring
the test and obtaining verbal feedback on performance for the
first test, which could be completed virtually by a health care
professional trained in scoring thetest. The verbal feedback and
encouragement given to the participantsin the standard 6GMWT
group may have motivated them to walk faster and achieve a
higher 6MWT score compared with participants in the
technology group who did not have the same encouragement
[40Q]. A training run may also serve to provide motivation and
encouragement in the future.
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Limitations useful measurein older, deconditioned individualsthanin young

The results of this study should beviewed with an understanding °l€-bodied populations.
of their limitations. Testing of the self-administered 6MWT, Conclusions

which was designed to mimic a home-based test, took placein
alaboratory setting. Although these tests were implemented in
a room that was roughly the size of a large living room, we
recognize that this does not reflect the space available to many
people and suggest adding a third home-based arm in future
studies. Adding athird home-based arm would beideal because
it would allow researchers to differentiate between issues
resulting from measurement tools and measurement settings.
In addition, the small sample size was determined based on
usability study recommendations, and alarger samplewith more
diverse characteristics should be used for future testing and
power considerations. A limitation of the BMWT is evidence
of a ceiling effect [41]; therefore, it is thought to be a more

In conclusion, this study demonstrated significant usability
concerns regarding the accuracy of a self-administered GMWT
using the EasyM easure app. Despite the reported ease of use of
this technology, the inaccurate measurements and challenges
associated with interpreting the test scores suggest that the app
design and tested protocol are of limited use for research and
clinical purposes. However, the strong and significant correlation
between the BMWT and VT values demonstrates the potential
of the 6MWT to measure functional capacity for
community-based exercise screening and patient monitoring.
Further research is needed to develop a more accurate means
of implementing and interpreting a self-administered 6MWT
to facilitate pre-exercise screening and patient assessment for
distance-based health care and research purposes.

Acknowledgments

The authors would like to thank all participants who agreed to participate in this study. JST was funded by a Canadian Institute
of Health Research Fellowship for the duration of this study. Both JST and SCA played arole in the conceptualization, planning,
and administering of the study assessments, analysis of data, and manuscript preparation. CM S had arolein the conceptualization
and planning of the study, overseeing the study assessments and analysis, and manuscript preparation. All authors have reviewed
and approved the final manuscript.

Conflictsof Interest
None declared.

References

1.  Camarri B, Eastwood PR, Cecins NM, Thompson PJ, Jenkins S. Six minute walk distance in healthy subjects aged 55-75
years. Respir Med 2006 Apr;100(4):658-665 [FREE Full text] [doi: 10.1016/j.rmed.2005.08.003] [Medline: 16229997]

2.  RiebeD, Franklin BA, Thompson PD, Garber CE, Whitfield GP, Magal M, et al. Updating ACSM's Recommendations for
exercise preparticipation health screening. Med Sci Sports Exerc 2015 Nov;47(11):2473-2479. [doi:

10.1249/M SS.0000000000000664] [Medline: 26473759]

3. Whitfield GP, Gabriel KK, Rahbar MH, Kohl HW. Application of the American Heart Association/American College of
Sports Medicine Adult Preparticipation Screening Checklist to a nationally representative sample of US adults aged >=40
yearsfrom the National Health and Nutrition Examination Survey 2001 to 2004. Circulation 2014 Mar 11;129(10):1113-1120
[FREE Full text] [doi: 10.1161/CIRCULATIONAHA.113.004160] [Medline: 24421370]

4.  Fortin M, Soubhi H, Hudon C, Bayliss EA, van den Akker M. Multimorbidity's many challenges. Br Med J 2007 May
19;334(7602):1016-1017 [FREE Full text] [doi: 10.1136/bmj.39201.463819.2C] [Medline: 17510108]

5. Fortin M, Hudon C, Haggerty J, Akker MV, Almirall J. Prevalence estimates of multimorbidity: a comparative study of
two sources. BMC Health Serv Res 2010 May 06;10:111 [FREE Full text] [doi: 10.1186/1472-6963-10-111] [Medline:
20459621]

6.  Fortin M, Bravo G, Hudon C, Vanasse A, Lapointe L. Prevalence of multimorbidity among adults seen in family practice.
Ann Fam Med 2005;3(3):223-228 [FREE Full text] [doi: 10.1370/afm.272] [Medline: 15928225]

7.  ATS Committee on Proficiency Standards for Clinical Pulmonary Function Laboratories. ATS statement: guidelines for
the six-minute walk test. Am J Respir Crit Care Med 2002 Jul 01;166(1):111-117. [doi: 10.1164/ajrccm.166.1.at1102]
[Medline: 12091180]

8.  Bohannon RW, Crouch R. Minimal clinically important difference for change in 6-minute walk test distance of adults with
pathology: a systematic review. JEval Clin Pract 2017 Apr;23(2):377-381. [doi: 10.1111/jep.12629] [Medline: 27592691]

9.  PereraS, Mody SH, Woodman RC, Studenski SA. Meaningful change and responsivenessin common physical performance
measures in older adults. JAm Geriatr Soc 2006 May;54(5):743-749. [doi: 10.1111/j.1532-5415.2006.00701.x] [Medline:
16696738]

10. Middleton A, Fritz SL, Lusardi M. Walking speed: the functional vital sign. JAging Phys Act 2015 Apr;23(2):314-322
[FREE Full text] [doi: 10.1123/japa.2013-0236] [Medline: 24812254]

11.  Perry J, Garrett M, Gronley JK, Mulroy SJ. Classification of walking handicap in the stroke population. Stroke 1995
Jun;26(6):982-989. [doi: 10.1161/01.str.26.6.982] [Medline: 7762050]

https://rehab.jmir.org/2021/3/e22818 JMIR Rehabil Assist Technol 2021 | vol. 8| iss. 3|€22818 | p. 9
(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(05)00326-4
http://dx.doi.org/10.1016/j.rmed.2005.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16229997&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26473759&dopt=Abstract
http://europepmc.org/abstract/MED/24421370
http://dx.doi.org/10.1161/CIRCULATIONAHA.113.004160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24421370&dopt=Abstract
http://europepmc.org/abstract/MED/17510108
http://dx.doi.org/10.1136/bmj.39201.463819.2C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17510108&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-10-111
http://dx.doi.org/10.1186/1472-6963-10-111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20459621&dopt=Abstract
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=15928225
http://dx.doi.org/10.1370/afm.272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15928225&dopt=Abstract
http://dx.doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12091180&dopt=Abstract
http://dx.doi.org/10.1111/jep.12629
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27592691&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2006.00701.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16696738&dopt=Abstract
http://europepmc.org/abstract/MED/24812254
http://dx.doi.org/10.1123/japa.2013-0236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24812254&dopt=Abstract
http://dx.doi.org/10.1161/01.str.26.6.982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7762050&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Smith-Turchyn et &

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Casillas J, Hannequin A, Besson D, Benaim S, Krawcow C, Laurent Y, et al. Walking tests during the exercise training:
specific use for the cardiac rehabilitation. Ann Phys Rehabil Med 2013 Oct;56(7-8):561-575 [FREE Full text] [doi:
10.1016/j.rehab.2013.09.003] [Medline: 24126080]

Hong SH, Yang HI, Kim D, Gonzales Tl, Brage S, Jeon JY. Validation of submaximal step tests and the 6-min walk test
for predicting maximal oxygen consumption in young and healthy participants. Int J Environ Res Public Health 2019 Dec
03;16(23):1-10 [FREE Full text] [doi: 10.3390/ijerph16234858] [Medline: 31816834]

EasyMeasure App. 2019. URL: https:/itunes.apple.com/calapp/easymeasure/id3495301052mt=8 [accessed 2020-03-01]
Venkatesh V, Thong J, Xu X. Unified theory of acceptance and use of technology: a synthesis and the road ahead. J Asso
Inf Sys 2016 May;17(5):328-376. [doi: 10.17705/1jais.00428]

Richardson J, Peter J, Parascandalo F, Dolovich L, Javadi D, Mangin D, et a. A healthy lifestyle app for older adults with
diabetes and hypertension: usability assessment. Int J Health Tech Manag 2017 Jan 01;16(3/4):250-270. [doi:
10.1504/ijhtm.2017.10009747]

Adams SC, Del orey DS, Davenport MH, Stickland MK, Fairey AS, North S, et al. Effects of high-intensity aerobic interval
training on cardiovascular disease risk in testicular cancer survivors: A phase 2 randomized controlled trial. Cancer 2017
Oct 15;123(20):4057-4065 [FREE Full text] [doi: 10.1002/cncr.30859] [Medline: 28708930]

Stickland MK, Butcher SJ, Marciniuk DD, Bhutani M. Assessing exercise limitation using cardiopulmonary exercisetesting.
Pulm Med 2012;2012:824091 [FREE Full text] [doi: 10.1155/2012/824091] [Medline: 23213518]

Mezzani A, Hamm LF, Jones AM, McBride PE, Moholdt T, Stone JA, European Association for Cardiovascular
PreventionRehabilitation, American Association of Cardiovascular Pulmonary Rehabilitation, Canadian Association of
Cardiac Rehabilitation. Aerobic exercise intensity assessment and prescription in cardiac rehabilitation: ajoint position
statement of the European Association for Cardiovascular Prevention and Rehabilitation, the American Association of
Cardiovascular and Pulmonary Rehabilitation and the Canadian Association of Cardiac Rehabilitation. Eur J Prev Cardiol
2013 Jun;20(3):442-467. [doi: 10.1177/2047487312460484] [Medline: 23104970]

Faulkner L. Beyond the five-user assumption: benefits of increased sample sizesin usability testing. Behav Res Methods
Instrum Comput 2003 Aug;35(3):379-383. [doi: 10.3758/bf03195514] [Medline: 14587545]

Cahalin LR, Mathier MA, Semigran MJ, Dec GW, DiSalvo TG. The six-minute walk test predicts peak oxygen uptake and
survival in patientswith advanced heart failure. Chest 1996 Aug;110(2):325-332. [doi: 10.1378/chest.110.2.325] [Medline:
8697828]

Ross RM, Murthy N, Wollak ID, Jackson AS. The six minute walk test accurately estimates mean peak oxygen uptake.
BMC Pulm Med 2010 May 26;10:1-9 [FREE Full text] [doi: 10.1186/1471-2466-10-31] [Medline: 20504351]
VaportzisE, Clausen MG, Gow AJ. Older adults perceptions of technology and barriersto interacting with tablet computers:
afocus group study. Front Psychol 2017 Oct 04;8:1687 [FREE Full text] [doi: 10.3389/fpsy.2017.01687] [Medline:
29071004]

Brooks GC, Vittinghoff E, lyer S, Tandon D, Kuhar P, Madsen KA, et al. Accuracy and usability of a self-administered
6-minute walk test smartphone application. Circ Heart Fail 2015 Sep;8(5):905-913 [FREE Full text] [doi:
10.1161/CIRCHEARTFAILURE.115.002062] [Medline: 26283292]

CzagjaSJ, Charness N, Fisk AD, Hertzog C, Nair SN, Rogers WA, et a. Factors predicting the use of technology: findings
from the Center for Research and Education on Aging and Technology Enhancement (CREATE). Psychol Aging 2006
Jun;21(2):333-352 [FREE Full text] [doi: 10.1037/0882-7974.21.2.333] [Medline: 16768579]

Heaggans R. The 60's are the new 20's: Teaching older adults technology. SRATE J 2012 Jul 01;21(2):1-8 [FREE Full
text]

Lodge JM, Harrison WJ. Therole of attention in learning in the digital age. Yale JBiol Med 2019 Mar;92(1):21-28 [FREE
Full text] [Medline: 30923470]

Cook CE. Clinimetrics Corner: The Minimal Clinically Important Change Score (MCID): A necessary pretense. J Man
Manip Ther 2008;16(4):82-83 [FREE Full text] [doi: 10.1179/jmt.2008.16.4.82E] [Medline: 19771185]

Arezzo J, Seto S, Schaumburg H. Chapter 16 - Sensory-motor assessment in clinical research trials. In: Said G, Krarup C,
editors. Handbook of Clinical Neurology. Amsterdam: Elsevier; 2013:265-278.

Burr JF, Bredin SS, Faktor MD, Warburton DE. The 6-minute walk test as a predictor of objectively measured aerobic
fitnessin healthy working-aged adults. Phys Sportsmed 2011 May;39(2):133-139. [doi: 10.3810/psm.2011.05.1904]
[Medline: 21673494]

Manttari A, Suni J, Sievdnen HT, Husu P, V&ha-Y pya H, Valkeinen H, et a. Six-minute walk test: atool for predicting
maximal aerobic power (VO max) in healthy adults. Clin Physiol Funct Imaging 2018 May 31:1038-1045. [doi:
10.1111/cpf.12525] [Medline: 29851229]

Schumacher AN, Shackelford DY, Brown JM, Hayward R. Validation of the 6-min walk test for predicting Peak V' O2 in
cancer survivors. Med Sci Sports Exerc 2019 Feb;51(2):271-277. [doi: 10.1249/M SS.0000000000001790] [Medline:
30239495]

Lemanska A, Poole K, Aning JJ, Griffin BA, Manders R, Saxton JM, et al. The Siconolfi step test: avalid and reliable
assessment of cardiopulmonary fitness in older men with prostate cancer. Eur Rev Aging Phys Act 2019;16:1 [FREE Full
text] [doi: 10.1186/s11556-018-0207-9] [Medline: 30651889]

https://rehab.jmir.org/2021/3/e22818 JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 3 | 22818 | p. 10

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1877-0657(13)01288-8
http://dx.doi.org/10.1016/j.rehab.2013.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24126080&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph16234858
http://dx.doi.org/10.3390/ijerph16234858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31816834&dopt=Abstract
https://itunes.apple.com/ca/app/easymeasure/id349530105?mt=8
http://dx.doi.org/10.17705/1jais.00428
http://dx.doi.org/10.1504/ijhtm.2017.10009747
https://doi.org/10.1002/cncr.30859
http://dx.doi.org/10.1002/cncr.30859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28708930&dopt=Abstract
https://doi.org/10.1155/2012/824091
http://dx.doi.org/10.1155/2012/824091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23213518&dopt=Abstract
http://dx.doi.org/10.1177/2047487312460484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23104970&dopt=Abstract
http://dx.doi.org/10.3758/bf03195514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14587545&dopt=Abstract
http://dx.doi.org/10.1378/chest.110.2.325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8697828&dopt=Abstract
https://bmcpulmmed.biomedcentral.com/articles/10.1186/1471-2466-10-31
http://dx.doi.org/10.1186/1471-2466-10-31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20504351&dopt=Abstract
https://dx.doi.org/10.3389/fpsyg.2017.01687
http://dx.doi.org/10.3389/fpsyg.2017.01687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29071004&dopt=Abstract
http://circheartfailure.ahajournals.org/cgi/pmidlookup?view=long&pmid=26283292
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.115.002062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26283292&dopt=Abstract
http://europepmc.org/abstract/MED/16768579
http://dx.doi.org/10.1037/0882-7974.21.2.333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16768579&dopt=Abstract
https://files.eric.ed.gov/fulltext/EJ990630.pdf
https://files.eric.ed.gov/fulltext/EJ990630.pdf
http://europepmc.org/abstract/MED/30923470
http://europepmc.org/abstract/MED/30923470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30923470&dopt=Abstract
http://europepmc.org/abstract/MED/19771185
http://dx.doi.org/10.1179/jmt.2008.16.4.82E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19771185&dopt=Abstract
http://dx.doi.org/10.3810/psm.2011.05.1904
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21673494&dopt=Abstract
http://dx.doi.org/10.1111/cpf.12525
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29851229&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30239495&dopt=Abstract
https://eurapa.biomedcentral.com/articles/10.1186/s11556-018-0207-9
https://eurapa.biomedcentral.com/articles/10.1186/s11556-018-0207-9
http://dx.doi.org/10.1186/s11556-018-0207-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30651889&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Smith-Turchyn et &

34.

35.

36.

37.

38.

39.

40.

41.

Siconolfi SF, Cullinane EM, Carleton RA, Thompson PD. Assessing VO2max in epidemiologic studies: modification of
the Astrand-Rhyming test. Med Sci Sports Exerc 1982;14(5):335-338. [Medline: 7154887]

Siconolfi SF, Garber CE, Lasater TM, Carleton RA. A simple, valid step test for estimating maximal oxygen uptake in
epidemiologic studies. Am J Epidemiol 1985 Mar;121(3):382-390. [doi: 10.1093/oxfordjournals.aje.a114010] [Medline:
4014128]

Cooney JK, MooreJP, Ahmad YA, Jones JG, Lemmey AB, CasanovaF, et a. A simple step test to estimate cardio-respiratory
fitnesslevels of rheumatoid arthritis patientsin aclinical setting. Int JRheumatol 2013;2013:174541 [FREE Full text] [doi:
10.1155/2013/174541] [Medline: 24454385]

Marcora SM, Casanova F, Fortes MB, Maddison PJ. Validity and reliability of the Siconolfi Step Test for assessment of
physical fithessin patients with systemic lupus erythematosus. Arthritis Rheum 2007 Aug 15;57(6):1007-1011 [FREE Full
text] [doi: 10.1002/art.22886] [Medline: 17665489]

Joe J, Demiris G. Older adults and maobile phones for health: areview. J Biomed Inform 2013 Oct;46(5):947-954 [FREE
Full text] [doi: 10.1016/].jbi.2013.06.008] [Medline: 23810858]

Lim S, Kang SM, ShinH, Lee HJ, Won Y J, Yu SH, et a. Improved glycemic control without hypoglycemiain elderly
diabetic patients using the ubiquitous healthcare service, a new medical information system. Diabetes Care 2011
Feb;34(2):308-313 [FREE Full text] [doi: 10.2337/dc10-1447] [Medline: 21270188]

Scarapicchia TF, Sabiston CM, Andersen RE, Bengoechea EG. The motivational effects of social contagion on exercise
participation in young femal e adults. J Sport Exerc Psychol 2013 Dec;35(6):563-575. [doi: 10.1123/jsep.35.6.563] [Medline:
24334318]

Frost AE, Langleben D, Oudiz R, Hill N, Horn E, McLaughlin V, et a. The 6-min walk test (6MW) as an efficacy endpoint
in pulmonary arterial hypertension clinical trials: demonstration of aceiling effect. Vascul Pharmacol 2005 Jun;43(1):36-39.
[doi: 10.1016/j.vph.2005.03.003] [Medline: 15890561]

Abbreviations

6MWT: 6-minute walk test

CPET: cardiopulmonary exercise test

MCID: mean clinically important difference

RPE: rate of perceived exertion

UTAUT: Unified Theory of Acceptance and Use of Technology
VO2peak: peak oxygen uptake

VT: ventilatory threshold

Edited by G Eysenbach; submitted 23.07.20; peer-reviewed by P Thompson, L Grepo; comments to author 06.10.20; revised version
received 10.11.20; accepted 09.08.21; published 23.09.21

Please cite as:

Smith-Turchyn J, Adams SC, Sabiston CM

Testing of a Self-administered 6-Minute Walk Test Using Technology: Usability, Reliability and Validity Sudy
JMIR Rehabil Assist Technol 2021;8(3):€22818

URL: https://rehab.jmir.org/2021/3/e22818

doi: 10.2196/22818

PMID:

©Jenna Smith-Turchyn, Scott C Adams, Catherine M Sabiston. Originally published in IMIR Rehabilitation and Assistive
Technology (https://rehab.jmir.org), 23.09.2021. Thisisan open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Rehabilitation and Assistive Technology, is properly cited.
The complete bibliographic information, alink to the original publication on https://rehab.jmir.org/, aswell as this copyright and
license information must be included.

https://rehab.jmir.org/2021/3/e22818 JMIR Rehabil Assist Technol 2021 | vol. 8 | iss. 3 | e22818 | p. 11

RenderX

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7154887&dopt=Abstract
http://dx.doi.org/10.1093/oxfordjournals.aje.a114010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4014128&dopt=Abstract
https://doi.org/10.1155/2013/174541
http://dx.doi.org/10.1155/2013/174541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24454385&dopt=Abstract
https://doi.org/10.1002/art.22886
https://doi.org/10.1002/art.22886
http://dx.doi.org/10.1002/art.22886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17665489&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(13)00083-X
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(13)00083-X
http://dx.doi.org/10.1016/j.jbi.2013.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23810858&dopt=Abstract
http://europepmc.org/abstract/MED/21270188
http://dx.doi.org/10.2337/dc10-1447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21270188&dopt=Abstract
http://dx.doi.org/10.1123/jsep.35.6.563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24334318&dopt=Abstract
http://dx.doi.org/10.1016/j.vph.2005.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15890561&dopt=Abstract
https://rehab.jmir.org/2021/3/e22818
http://dx.doi.org/10.2196/22818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

