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Abstract. Global positioning system (GPS) technology offers a methodological
advance over existing methods of assessing exposure to social and built
environments in health studies. The usefulness of GPS-enabled cell phones with
open-source software to track users in real-life situations was assessed by
carrying phones through three standardized loops in Portland, Oregon. Overall,
the cell phones recorded position in 62.8% of tests. Position acquisition varied
by the environment in which the cell phone was carried, highest in open areas
(83.5%) and lowest under cover (37.5%). The ability of the cell phones to track
varied by mode of transportation. Tracking performance was adequate when
moving by car (46.6%) or on foot (29.9%), but low on public transportation
(3.8%). The GPS-enabled cell phone system showed adequate reliability under
typical study conditions to track outdoor activity. Systems built on consumer
electronics offer inexpensive and reliable  technology for
clinical/epidemiological location-based studies.
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1 Background

Rural residents are more likely than urban and suburban residents to have
characteristics associated with poor health;' in particular, rural older adults have
greater functional disability than urban elders.”

Social networks are supportive of mental and physical well-being.’ Neighborhoods
function as an important social network for older adults,* particularly for older adults
living in rural communities, who have a greater sense of neighborhood than those
living in urban communities.® However, a neighborhood’s ability to provide social
connections necessary for social networks may be influenced by its physical
qualities.” Neighborhoods qualities can also influence physical activity.” While
physical activity is important for maintaining health, rural older adults are more
sedentary than urban elders and increasingly sedentary with age.®
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Therefore, neighborhood — and the interaction between older adults and their
community — may be a key to understanding healthy aging. However, research of
neighborhood contexts and health is limited by existing methods of assessing
behavior,”'* which rely on recall of past behavior and are prone to biases related to
memory, cognition, and social desirability,'™'" or occur in laboratory settings rather
than normal context.'? Additionally, neighborhood is often defined based on arbitrary
boundaries rather than the lived experience, Thus existing research ignore the highly
individualized and complex relationship between people and place, underestimating
the total effect of neighborhood on health.”">*

Global positioning system (GPS) technology provides a tool to better understand
individual exposure to social and physical environments.”'>'® But while GPS
technology offers a methodological advance over existing methods, off-the-shelf
systems are limited by cost, proprietary software, and poor user compliance.
Therefore, we propose tapping into GPS-enabled consumer devices, such as cell
phones, which may offer researchers falling costs, rapidly improving features,
reliability, and in some cases, software open to outside developers. We developed a
system using a standard cell phone, the Motorola 1760, which uses assisted GPS (A-
GPS) and provides a JSR-179 compliant location API. The current price of the 1760 is
$120 with a $39 monthly plan from Nextel. At study initiation, similar units cost
$375. The 1760 weighs 133 g and fits comfortably in a pocket. Unlike currently
marketed GPS-integrated cell phones, its software is open to outside (non-proprietary)
extensions, allowing for this study to customize data collection and cleaning. All of
our software was developed in Java.

As part of an on-going research project, we evaluated the reliability and validity of
GPS-enabled cell phones to track outdoor activity under typical study conditions.

2  Methods

Six Motorola i760 cell phones were tested. Using open-source software developed for
the study (http://www.cs.uoregon.edu/research/wearables/gypsy.php), the phone’s
GPS coordinates were (a) dynamically obtained using the manufacturer's
recommendations on sampling intervals based on current error calculations, and (b)
transferred to a secured central server using ssl-enabled http tunneling, when the local
buffer reached capacity (every 5 seconds on average). Location was recorded in
latitude and longitude using the Motorola proprietary application program interface
(API), which uses WG584 datum.

2.1 Static Assessments

The battery life of the cell phones was assessed by measuring the time to run down a
fully-charged phone. Phones were tested simultaneously; they were turned on at the
same time and were carried together. The time until the onset of the phone’s low
battery level warning and until the phone turned off due to low battery power were
recorded.



Inter-phone reliability and position validity were assessed by comparing cell phone
GPS recordings and a known GPS reference point. The phones were simultaneously
placed at a geodetic point in Beaverton, Oregon for 25 minutes. For comparison, an
off-the-shelf unit (GPSmap76CS, Garmin LTD, Olathe, KS) was also placed at the
geodetic point. Recorded positions were mapped using ArcGIS v9 (ESRI, Redlands,
CA, USA).

2.2 Free-Living Assessments



