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Findings

This study evaluates concurrent validity, test-retest reliability, and usability of the
Strava smartphone app for measuring bicycling locations in urban and rural field
tests. Strava Jocation data were inside an 11-meter buffer on average 64% of the
time compared to Qstarz’ 52%, over 100 evaluations (n participants=73). Most
participants agreed or strongly agreed that the Strava app was useful (83%) and
that they would prefer to use a smartphone app to track their bicycling (42%).
Results indicate that the Strava app is reliable and valid for measuring%)icycling
locations in these field tests.

1. QUESTIONS

Global positioning systems (GPS) devices have been explored to measure
bicycling, but substantial participant buy-in has historically been required -
participants must remember to carry the device with them at all times, keep the
battery charged, and may have to turn it on to record location. Smartphone
apps like Strava offer a user-friendly alternative. Researchers and practitioners
use crowdsourced bicycle trip data from Strava and other organizations to
evaluate transportation outcomes (¢.g., Brum-Bastos et al. 2019; Ferster et al.
2021), so it is critical to ensure the validity and reliability of these measurement
tools for bicycling. Strava processes the GPS data collected by the smartphone
hardware to output trip information and makes de-identified data available as
Strava Metro, with at least 125 transportation organizations using the service
(Schneider 2017). Most studies aggregate Strava bicycle volumes at the block-
or neighborhood-level geographies (Dadashova and Griffin 2020; Fischer,
Nelson, and Winters 2020) but lack evaluation of spatial and usability
qualities. We seek to answer the following question: what is the concurrent
validity and test-retest reliability of the Strava smartphone app for measuring
bicycling location in urban and rural environments, and what is the perceived
usability of smartphone apps for measuring bicycling?

2. METHODS

Two field courses were created for bicycling—one in a small metropolitan
setting (Ingram and Franco 2014) (termed “urban”, 3.3 km in length) with
buildings and other sources of possible GPS interference shown in Figure 1,
and one in a “rural” setting (3.6 km) with little GPS interference. Towards the
end of the data collection period in 2020, construction began on a portion of
the urban route, necessitating an alternative course for the remaining rides (3.7
km). Individuals were recruited via university communications, social media,
and word of mouth. Participants were required to be 18 years of age or older,
have access to a bicycle they could ride safely, ride a bicycle at least once a
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month, have a bicycle helmet that they were willing to wear, have a
smartphone, and be willing to use the Strava app during the study visit.
Individuals were invited to participate twice, either once per location or twice

in the same location. This study was approved by the University Institutional
Review Board (IRB-19-193).

The Qstarz BT-Q100XT data logger was used to assess the validity of the GPS
data reported from the Strava app. The Qstarz has previously been shown to
be valid in static (Duncan et al. 2013) and real-world settings (Schipperijn et
al. 2014) and is frequently used for health research (Schipperijn et al. 2014).
Research personnel bicycled with participants and facilitated participants’
recording both Qstarz and Strava data logs trips, starting and ending at the red
star mapped in Figure 1.

The two study routes were created from shapefiles provided by the university
(urban route) and the Rails to Trails conservancy TrailLink resource (rural
route, data from www.traillink.com). These files were used to represent the
true route. An 11 m buffer was created around the road network for each
course to account for two standard 3.6 m road lanes (FHWA 2014) and an
additional 3.6 m of error to accommodate a previously reported median error
of the Qstarz GPS of 2.9 m (Schipperijn et al. 2014).

To assess the reliability of the Strava app and the Qstarz GPS, the proportion of
location data within the buffer from experimental rides 1 and 2 were compared
for each device using Spearman rank correlation and paired samples t-tests. To
assess the difference in reliability between each device, the mean difference in
the proportion of location points within the bufter between rides 1 and 2 was
calculated for each device. Multivariable linear regression models were used to
assess whether cloud cover, urbanicity, or phone make were associated with the
Qstarz and Strava proportion in the buffer. Study rides with missing data due
to user or device error were excluded. Researchers emailed participants a link to
a short survey asking about their use of the Strava app approximately two weeks
after the first data collection.

3. FINDINGS

A total of 73 unique participants were screened for participation in the study,
of which 61 (84%) completed at least one study ride. There were 100 unique
study visits, 41 of them taking place in the urban location and 59 taking place
in the rural location. Sixty-nine visits were recorded via iPhone, and 31 on
Android. Just over half took place in cloudy weather (54%). Strava location
data were inside the buffer on average 64% of the time, as compared to Qstarz
52% of the time, as shown in Table 1.

In the urban context, the difference between Qstarz and Strava data accuracy
was insignificant. However, in the rural location, Strava location data was
inside the buffer 56% of the time, as compared to 40% of the time for Qstarz.
Trip time was also examined for concurrent validity, comparing the time
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Figure 1. Example of data collected from a study ride on the urban route. The star indicates the start and end of the route.
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Table 1. Concurrent validity results comparing location data accuracy of Strava and Qstarz GPS Device

n Mean? (SD) 95% Cl p-value

Urban and Rural combined

Qstarz 194 0.52(0.30)

Strava 199 0.64 (0.26)

Difference -0.12 -0.17,-0.06 <0.001
Urban

Qstarz 78 0.69(0.23)

Strava 81 0.75(0.15)

Difference -0.06 -0.12,0.0003 0.051
Rural

Qstarz 116 0.40(0.28)

Strava 118 0.56 (0.29)

Difference -15 -0.22,-0.08 <0.001

2 Mean proportion of points within the buffer.

recorded by Strava (A4=12.4 min., SD=2.1 min.) to the time recorded by the
research assistant (M=12.7 min., SD=2.3 min.), and the difference was not
statistically significant for the total sample, or when stratified by urbanicity.

Test-retest reliability results are reported in Table 2, showing a moderate to
strong correlation across study rides for both Qstarz and Strava’s proportion of
location data within the buffer. For the total sample, both Qstarz and Strava
did not produce significantly different results in the proportion of location
data that fell within the buffer when comparing the first and second rides.
Reliability results were similar for the rural location, but Strava produced
significantly different results when comparing the two rides for the urban
location, with the first ride having more location data within buffer as
compared to the second.

A limited sample (n=36, 59%) completed the post-ride user survey. Most
participants (83%) agreed or strongly agreed that the Strava app was useful for
measuring bicycling. In a research study scenario, 64% preferred the method
allowed by Strava in which they start and stop the app to record their bicycling
activity rather than automatic tracking (Table S1).

As compared to the Qstarz BT-Q100XT data logger, the Strava app was a
reliable and valid tool for measuring bicycling location in our study. Location
data reported by the Strava app performed as well or better than the criterion
in validity tests, yet the location data collected fell within the designated buffer
on average only 64% of the time. This indicates that the location data is not
within our set margin of error 37% of the time, which could be considered
a substantial error based on the size of the buffer, 11 meters (36 feet). Larger
buffer sizes were not tested in this study. Participants considered Strava a useful
tool and acceptable for use in a research study. The spatial accuracy of Strava
datasets is useful for research and practice on specific transportation and
recreation corridors but not sufficient to evaluate rider placement within the
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Table 2. Test re-test reliability results comparing location data accuracy of Strava and Qstarz GPS Device

Measurement Tool n Mean? Mean Spearman’s Mean 95% p-
(SD) Ride (SD) Ride rho Difference Cl value
1 2
Urban and Rural combined
Qstarz 97 0.52 0.52 0.68 -0.004 -0.052, 0.86
(0.03) (0.03) 0.043
Strava 99 0.63 0.64 0.69 -0.006 -0.046, 0.79
(0.03) (0.03) 0.035
Difference in reliability 196 0.06 -0.001 -0.026, 0.97
of Qstarz vs. Strava 0.036
Urban
Qstarz 39 0.72 0.67 0.80 0.046 -0.012, 0.12
(0.22) (0.24) 0.104
Strava 40 0.77 0.74 0.74 0.036 0.005, 0.03
(0.15) (0.15) 0.066
Difference in reliability 79 0.06 -0.01 -0.075, 0.75
of Qstarz vs. Strava 0.054
Rural
Qstarz 58 0.38 0.42 0.56 -0.038 -0.107, 0.26
(0.28) (0.28) 0.031
Strava 59 0.54 0.57 0.64 -0.033 -0.098, 0.31
(0.29) (0.29) 0.031
Difference in reliability 117 0.13 0.005 -0.089, 0.92
of Qstarz vs. Strava 0.098

2 Mean proportion of points within the buffer.

roadway or adjacent bikeway. Based on technology circa 2020, evaluations of
rider placement on a facility should consider survey-grade GPS, telemetry, or

videography.
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