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Abstract

Background: Few tools exist to directly measure the microsocial and physical environments of
adolescents in circumstances where participatory observation is not practical or ethical. Yet
measuring these environments is important as they are significantly associated with adolescent
health-risk. For example, health-related behaviors such as cigarette smoking often occur in specific
places where smoking may be relatively surreptitious.

Results: We assessed the feasibility of using GPS-enabled cell phones to track adolescent travel
patterns and gather daily diary data. We enrolled |5 adolescent women from a clinic-based setting
and asked them to carry the phones for | week. We found that these phones can accurately and
reliably track participant locations, as well as record diary information on adolescent behaviors.
Participants had variable paths extending beyond their immediate neighborhoods, and denied that
GPS-tracking influenced their activity.

Conclusion: GPS-enabled cell phones offer a feasible and, in many ways, ideal modality of
monitoring the location and travel patterns of adolescents. In addition, cell phones allow space- and
time-specific interaction, probing, and intervention which significantly extends both research and
health promotion beyond a clinical setting. Future studies can employ GPS-enabled cell phones to
better understand adolescent environments, how they are associated with health-risk behaviors,
and perhaps intervene to change health behavior.

Background borhood context [5-12], yet these studies rely solely on
Risky health behaviors contribute significantly to adult  residential address to define context. This may mis-specify
mortality [1]. Many of these behaviors are developed in  contextual exposure as adolescents often spend more than
adolescence and are preventable [2-4]. Numerous studies  half their time away from home [13]. Few studies report
have shown that risk behaviors are associated with neigh- ~ where adolescents spend time outside of their homes and
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school [13]. In addition, a census tract, block group, or
other arbitrary geographic area surrounding a residential
address may not accurately characterize where an individ-
ual lives, travels, and interacts with others [14]. In order to
develop policies and interventions to promote a healthful
environment, we must understand where adolescents
spend time.

With the location tracking capabilities of global position-
ing system (GPS) devices, we may gather more detailed
information on adolescents' travel. In addition, GPS-ena-
bled devices such as cell phones allow a mode of contact
with the study participant in several ways - monitoring
study compliance, troubleshooting problems with the
device or data collection, and collecting additional infor-
mation pertaining to health-risk behaviors. This is a
unique application of GPS-enabled cell phones and
addresses several key limitations in research relating to
contextual determinants of health. In a population where
it is often difficult to assess accurate and reliable informa-
tion on behaviors, GPS offers a timely, objective, and
potentially more acceptable method of evaluating contex-
tual exposure.

GPS technology has been used in a variety of applications
to measure exposures or activities. GPS technology has
greatly expanded the scope of space-time analyses by
allowing the recording of not only trip origins and desti-
nations, but also the routes traveled. Traditionally, GPS
technology has been used for business and leisure appli-
cations: e.g. guiding agricultural machinery for planting
and pesticide application [15], coaching for high perform-
ance athletes [16], and deploying hunters for the U.S. For-
est Service [17]. More recently, GPS technology has shown
promise in studying human behavior: e.g. the Lexington
Area Travel Study [18] and Oklahoma Urban Air Toxics
study [19]. The Lexington Area Travel Study conducted in
the late 1990s collected information for more than 200
drivers whose movements were recorded over a 6-day
period. It demonstrated the reliability of GPS technology
and the feasibility for visualization and modeling in 3-D
GIS. This led to the discovery of significant differences in
travel patterns by gender and economic status of the par-
ticipants [20]. Data on individual space-time activity pat-
terns has been used to study and model differences in
accessibility to a range of facilities, such as parks and
stores, using realistic street network information in the
GIS [21]. With improved technology resulting in smaller
GPS devices, researchers are exploring diverse public
health applications including studying physical activity in
children[22] and pesticide exposure in migrant farm
workers [23].

The application of this approach to tracking the space-
time activity patterns of adolescents is a logical extension

http://www.ij-healthgeographics.com/content/7/1/22

to adolescent health behavior research. In addition to a
novel use of GPS technology, this approach overcomes
conceptual and logistical challenges faced by previous
studies of context and health, including relying on static
representations of context by a residential address or on
inaccurate self-reporting, prohibitively expensive data col-
lection strategies, and inability to measure level, volume,
and pattern of activity [24]. We often do not know the
specific places where health-related behaviors such as
healthy diet, cigarette smoking, drug use, and unprotected
sexual intercourse occur. Collecting data on these places
may be difficult as they are relatively surreptitious and not
conducive to detailed self-report. As such, devices such as
GPS-enabled cell phones may aid in locating where these
behaviors occur and better define the paths and events
preceding them. Little is known, however, about whether
it is feasible to use these devices for this purpose among
adolescents. For example, we do not know whether ado-
lescents will carry the phones with them if they know they
are being tracked, what the data accuracy and reliability
are given adolescent phone usage, charging habits, and
overall study compliance; and if the device could also be
used to collect information using a text-message-based
survey instrument.

Thus, our overall objective was to test the feasibility of
using GPS-enabled cell phones to track an adolescent's
travel patterns and gather daily diary data. Specific objec-
tives included (a) investigating how accurately and relia-
bly the device collected and transmitted GPS coordinates,
(b) determining whether the device could be used to
gather survey data remotely on a daily basis, (c) assessing
whether adolescents perceived being tracked for research
purposes as acceptable, and (d) gaining preliminary
insight into travel patterns among our study population.

Methods

Study population

The study enrolled 15 adolescent women from a clinic-
based setting with the following inclusion criteria: (1)
female, (2) age 14 to 17 years, (3) willing and able to
travel at least 3 blocks away from home at least once each
day, (4) capable of carrying a phone with her at all times
for a period of 7 days, and (5) understands and speaks
English. We did not collect sociodemographic data from
the young women that we recruited. According to the elec-
tronic medical records for the clinic from which we
recruited, there were 1004 outpatient visits in which
patients were young women 14 to 17 years old. The
patients' race/ethnicity reported in these records was 32%
white, 27% black, and 40% Latina. The majority (88%)
were on public insurance. We obtained assent from each
participant and consent from her parent/guardian. We
staggered enrollment such that one to four women had
phones in the field at a time so that we could modify the
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study protocol and cell phone programs in response to
problems that arose. The research received approval from
the Institutional Review Board of Indiana University -
Purdue University at Indianapolis.

Procedures and measures

Orientation meeting procedure

A research assistant (RA) met the adolescent at a location
of her choosing. The RA oriented the adolescent to the
phone - how to turn it on, charge it, and make calls. The
RA answered any questions that the adolescent had and
reviewed the study requests:

1. Carry the phone with you at all times while awake
2. Always keep the phone 'on'
3. Charge the phone overnight each night

4. Travel at least 3 blocks away from home at least once
each day

5. Contact the RA in the event of malfunctioning or lost
study equipment (the phone service agreement includes
an insurance policy providing for free replacement in the
event of loss or damage)

The adolescent could make unlimited calls in the evenings
and weekends. She could also use up to 150 minutes of
calls between 7 am and 7 pm during the weekdays of the
study period.

Exit interview/process measures

At the conclusion of the 7-day participation period, the RA
collected the phone and charging devices and conducted
a semi-structured interview. Next, the RA reviewed the
maps created from the GPS data and asked the adolescent
to comment on whether she thought the map accurately
represented her locations.

Process measures included:

1. Self-reported compliance in carrying the phone

2. Self-reported compliance in charging the phone

3. Self-reported accuracy of the maps in reflecting her 7
day location data

4. Periods in which the phone had no movement for over
24 hours

5. Number of phone malfunctions

6. Whether phone was used
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7. Whether the phone was returned in working order

GPS-enabled cell phone

Participants carried Blackberry 7520 GPS-enabled cell
phones (cost $150/phone). The cell phone measures 11.4
(L) x 7.4 (W) x 2.8 (D) centimeters, weighs 174 grams.
The phones use an assisted-GPS system in which an
approximate location is identified using less accurate cell
phone towers and does not need a clear view of the sky to
determine location. These cell phone tower data are sub-
sequently processed to identify a more accurate point
using satellite communication. This method is desirable
because it uses less battery power (allowing a phone to
remain charged for at least a 16 hour period of heavy use).
Accuracy of positional determination is variable depend-
ing on city and location within a city but is reported to be
approximately 6 meters horizontally and 10 meters verti-
cally.

GPS data collection

Using the BlackBerry Java Development Environment, a
background module was created that ran on startup and
in the background. It was therefore invisible to the phone
user and could not easily be turned off. At 5 minute inter-
vals, the program obtained a "fix" on the participant's
location and, through an http call, transmitted the loca-
tion coordinates, battery level, device ID, and timestamp
to a java servlet running on a server dedicated to the study.
All data were stored in a MySQL database. Another appli-
cation monitored the database and sent an SMS message
to the phone if no diary data had been sent in the last day.
A similar message was sent to the researchers if no diary
data had been sent in two days. The program also pro-
vided the research assistant with a summary of GPS data
for each phone so that she could contact adolescents from
whom data was not being regularly sent.

Diary data collection

We instructed the participant to answer several questions
each evening before going to bed using a program devel-
oped for the Blackberry platform. We were not interested
in the answers to the questions but rather whether partic-
ipants could answer various question types easily using a
Blackberry and would reliably answer them on a daily
basis. As such, we have devised questions which would
elicit different modes of answering (yes/no, multiple
choice pull-down menu, free text response). We also
asked for comments regarding the phone or the study as
an additional process measure. We asked the following
questions:

What time did you wake up this morning? (ENTER TIME
USING CLOCK OR CALENDAR)

Did you eat lunch today? (YES/NO)

Page 3 of 11

(page number not for citation purposes)



International Journal of Health Geographics 2008, 7:22

YES — Approximately what time did you eat?

Did you charge the phone last night? (YES/NO)

NO — Did the phone's battery die today?

Did you need to charge the phone during the day today?

Where were you at 4 pm today? (HOME/SCHOOL/
FRIEND'S  HOUSE/SHOPPING/OUTSIDE IN THE
NEIGHBORHOOD/OUTSIDE BUT NOT IN THE NEIGH-
BORHOOD/OTHER - PLEASE SPECIFY)

What color shirt are you wearing? (KEY ENTER)
Comments or notes on the study or phone: (KEY ENTER)

[The indented questions were skip pattern questions.]
These data were transmitted to a secure server in a similar
manner as the GPS data when the participant pressed
'send' at the end of the diary entry.

Reimbursement for participation

Adolescents were reimbursed $20 cash following agreeing
to participate and $100 cash after completion of the exit
interview.

Data interpolation

We anticipated times when cell phones might encounter
GPS signal reception interference (e.g. near power substa-
tion transformers) or obstruction (being enclosed in
thick-walled building). When possible, we interpolated
position in the event of lost GPS reception. Interpolation
is a method in which missing spatial data are imputed
using adjacent valid values. If there were significant tem-
poral discrepancies between serial "fixes" on location, we
recorded a "no data" observation.

When more than 5 minutes but less than 1 hour elapsed
between measured data points, we imputed interim 5-
minute time points. If 2 temporally adjacent points
bounding a period of missing data were within 30-meters
(the distance used to determine the 2 points were in the
same or similar location), we assigned the missing GPS
data point to the earlier point. For data points more than
30 meters apart, we imputed in 2 ways. In one case, we
used the point which was closer to home and, in another,
used the point which was further from home. Since results
were very similar for these 2 approaches, we present the
data using the closer imputed point. We performed all
analyses by varying the time lapse cut-off for imputation
(1 hour to 24 hours) and found similar results.
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Results

Reliability and accuracy of the GPS-enabled cell phone to
obtain location data

Most issues influencing the reliability of the GPS-enabled
cell phones to obtain location data were related to user
error. Among the 15 participants, there was a potential
total of 100 days of data collection by carrying the GPS-
enabled phone. Two adolescents forgot to carry the phone
for 1 day each, a third left it at home for 1 day to recharge
the battery, and the fourth was unable to bring it with her
to school (5 days). There were 2 nights when the adoles-
cent neglected to charge the phone, and the battery subse-
quently ran out the following day.

In addition to user error, there were several technical
issues with the phones relating to the GPS functionality,
particularly at the beginning of the study. There was only
1 adolescent whose GPS feature tracked her whereabouts
for the entire 7 days without fail. For the rest of the ado-
lescents, however, the failures were recognized remotely,
and data collection failure was remedied within 1 day.

Of the GPS point locations collected, 83% were within 5-
6 minutes of the previous point. Approximately 2% of
points had more than a 1-hour lapse, and 0.5% more than
a 4-hour lapse. In total, 71% of the possible 5-minute
time points were occupied with GPS data transmitted
directly from the cell phone, and 11% of the remaining
missing data were between 2 known points 30-meters
apart or less. Very often, the phone would stop transmit-
ting a signal from within a building, including where the
adolescent lived or went to school (according to partici-
pants' report when reviewing maps).

The 14 participants who completed an exit interview con-
firmed the accuracy of the maps created from their GPS
data points. Two participants exhibited surprise when
they saw how accurately the maps reflected where they
traveled. Anecdotal accounts revealed the GPS device
accurately portrayed the street they traveled on but not
necessarily with complete accuracy. While the participants
easily recognized the general area they were shown, and
confirmed they were indeed there, there often were occa-
sions that the points were not completely reflective of
their exact location. This was especially true in neighbor-
hoods, where homes are very close together and the
points sometimes placed the girls in neighboring houses,
rather than where they actually were.

None of the participants had difficulty reading the aerial
photography or street maps, although most preferred the
photography. Most first recognized a location on the map
at 1:400 to 1:4000 scale and, after being oriented, had no
difficulties identifying locations where GPS data were col-
lected.
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Feasibility of gathering daily diary data remotely

For the first 8 young women who participated in the
study, frequent contact had to be made with reminders to
submit the diary entries daily. The reason for this seeming
non-compliance was discovered to be a software issue. We
corrected the software program and gave additional
instructions to the subjects during orientation. Timely
diary entries were received daily from the remainder of the
adolescents. There were no difficulties with any of the
question types (yes/no, multiple choice pull-down menu,
or free text response).

While not all felt comfortable enough with the technology
to regularly use the internet and/or texting functions, each
young woman was able to make diary entries, as well as
reply to text messages sent to them by the RA.

Because a maximum of four subjects were carrying phones
at any one time, the RA spent 20-25 hours per week on
average coordinating this study. Communication with
subjects, once they were enrolled and carrying a phone
was done almost exclusively via text messaging, which
allowed the research coordinator to respond at her con-
venience. The amount of text messages received from the
subjects ranged from one for the whole week to 4-5 per
day. The only aspect of the study design that afforded any
extra inconvenience was the timing of the appointments.
With most of the girls in school during the day, both ori-
entation meetings and exit interviews had to be held dur-
ing the evening. This required the RA to work outside of
normal business hours.

Acceptability of being tracked for research purposes using
GPS-enabled cell phones

Every adolescent/guardian pair invited to participate
agreed to enroll in the study. All 15 participants com-
pleted the GPS-monitoring period. Contacting subjects
during their study period was easy and successful. All
phones were returned in a timely manner, per study pro-
tocol, and all were in complete working order and excel-
lent condition when received by the RA.

Nearly all of the young women interviewed reported that
the GPS feature of the phone was neither concerning nor
did it influence their activity patterns or behavior. Three
discussed the additional safety they felt knowing that their
location could easily be determined if they were in danger.
Many parents felt the same.

In contrast, several of the adolescents' peers felt threat-
ened by the GPS tracking on the phone. During their exit
interviews, 3 adolescents offered discussion about how
their friends would not allow them to make calls from the
phone because they thought they would be recorded or
their activities would be reported to the police.

http://www.ij-healthgeographics.com/content/7/1/22

Many adolescents took advantage of the features of the
phone to their own benefit. One young woman used the
internet capability to download help with school work,
while another used it to call for help when her car broke
down, and she became stranded. A third adolescent
explained how she and her friends became lost in a rural
county and used her phone's internet capabilities to
retrieve correct directions. Each adolescent used her
phone's calling capabilities at least once per day.

Field notes collected by the RA during the initial inter-
views with the participants described how several of the
adolescents were anxious to have the "free phone" and be
given nearly unlimited calling capabilities for a week.
Many of the young women took full advantage of this
incentive by giving their phone number to peers and alter-
ing their voice mail messages to reflect their own names
and personalities. This benefit to the participants was fur-
ther confirmed during the exit interviews, when the young
women who agreed to participate in future versions of
GPS-tracking studies stated that as an incentive item, the
phone was sufficient.

Variability and distance in travel patterns among
adolescent women

The GPS data collected in this study show that travel pat-
terns are variable in distance and direction throughout the
metropolitan area, as are presented on an aerial photo-
graph of Marion County, Indiana (Figure 1). Each subject
has a different color dot depicting her GPS data points.
This figure shows that study subjects' space-time paths
vary widely across the city, and subjects spend time out-
side of what has traditionally been defined as "neighbor-
hood". [Data on individual subjects at higher levels of
magnification or designating home or school locations
may be a breach of confidentiality and so has been
deferred to preserve appropriate statistical disclosure con-
trol.]

There is also significant variability from day-to-day in dis-
tance from home and direction of travel. Figure 2 displays
a 3-D representation of space-time paths from one pilot
study participant. In the figure, the vertical axis represents
time over the period of 7 days with division between days
(12:00 am) denoted by horizontal discs. The boundaries
of the horizontal plane represent the spatial scope of the
analysis, in this case Marion County. The blue line repre-
sents the space-time path connecting GPS waypoints.

Individual space-time activity patterns can be visualized
using 3-D tools in order to map their summary as density
plots. Time density maps depict time on the z-axis for all
participants' data points in Marion County, Indiana.
Using aggregated (and imputed using straight-line meth-
ods which equally distributes a Euclidian distance
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Figure |

Aerial Photograph of Marion County with |5 Subjects’ GPS Data.
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=

between 2 points depending on the number of time
points with no data recorded, assigning a set of geographic
coordinates along this Euclidian path) data from all par-
ticipants, we show variation in location attributes where
participants spend time (Figure 3). This map depicts the
time (z-axis) spent in areas as described by minority con-
centration. Attribute data derived from 2000 U.S. Census
and land use data are shown in grid cells 805 meters x 805
meters in dimension (approximate 0.25 square miles) as
implemented in the Twin Cities Walking Study GIS Proto-
cols [25]. Similar analyses can be done using other
attribute data, including population density, household
wealth, or concentrations of crime, liquor outlets, or
health care establishments.

Discussion

This preliminary study documents the feasibility of using
GPS-enabled cell phones to track travel patterns of adoles-
cent women. It confirms that cell phones can accurately
and reliably track the locations of participants, and partic-
ipants can use the cell phone as a diary device to record
daily behaviors. The cell phone acted both as a potent
incentive and promoted compliance in consistently being
carried by the participants. Participants denied that the
GPS-tracking influenced their activity patterns.

Analysis of the pilot data suggests that most of the partic-
ipants have variable paths extending beyond their imme-
diate neighborhoods. In cases in which participants
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Figure 2
Example of space-time path in GIS.
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stayed primarily within their neighborhood as well as
when they traveled out of their neighborhood, it demon-
strated the capability of collecting more detailed informa-
tion of where they spent time.

Determinants of adolescent health-risk behaviors con-
tinue to elude researchers and clinicians. Our current
research in health-risk behaviors is limited by the inability
to directly observe these acts due to social constraints and
privacy issues. We know that these behaviors are socially
based, however, and tend to cluster geographically and

among certain high-risk individuals [5,7,9,26-31]. Using
GPS technology, we may gain unprecedented insight into
where adolescents spend time. By linking their travel pat-
terns with reports of their health-related behavior, we may
better intervene to more effectively promote resilience
and prevent adverse health outcomes among adolescents.

Technologies such as GPS-enabled cell phones are increas-
ingly encountered by adolescents in their daily lives and
used by commercial entities and by parents. In addition,
our experience shows that, with due attention to privacy
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Figure 3
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and confidentiality issues, this method is acceptable to
teens and can be successfully employed without evidence
of compromise to privacy or confidentiality. Like all new
methods, anticipation of potential misuses of informa-
tion, implementation of safeguards, and careful monitor-
ing for unanticipated effects are critical. Thus, we have
strictly followed standard operating procedures for
research which collects sensitive and detailed data. We
opted to disclose both the purpose and intentions of this
research to the participant and her parent/guardian.
Although the lack of deception may contribute to differ-
ential use of the technology (despite this being denied by
the adolescent), we thought it unethical to propose any
other approach. We stated up front that these data would
not be shared with anyone outside of the research team,
except in the case where the GPS data would offer protec-
tion to someone in imminent harm. This can be achieved
more securely with a Certificate of Confidentiality from
the National Institute of Health. We sought every oppor-
tunity to protect the data by implementing multiple data

security measures. For example, the GPS data were not
stored on the cell phone but sent directly to a secure
server. The server and all computers which have access to
the data are protected at multiple levels with secure pass-
phrases, data encryption, and physical barriers such as
containment within locked offices with limited access.
Finally, we closely monitor these and future data with the
help of an independent data review committee with
whom we meet quarterly. In sum, we have implemented
procedures to maximally protect the participant's privacy
and fully promote the highest ethical standards for
research with GPS data and sensitive health information.

This study offers several extensions to our current under-
standing of GPS tracking. First, to our knowledge, this is
the first study to utilize GPS-enabled cell phones to collect
location information for contextual health research. Previ-
ous studies have relied on GPS units that store data for
subsequent downloading whereas cell phone GPS units
can transmit data on an ongoing basis. Continuous trans-
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mission of data has several advantages including the abil-
ity to more frequently monitor data collection, intervene
in cases of participant non-compliance or equipment
error, and opportunity to retrieve partial data in the event
of power loss or device loss, damage, or malfunction. A
potential barrier with such devices is a reluctance to have
one's location being continuously monitored; however,
in interviews, none of the subjects reported this potential
loss of privacy as a deterrent to research participation.
Conversely, we observed that the cell phone served as an
incentive for participation. Finally, cell phone devices can
serve as a platform for supplemental data collection via
either instant messaging or voice surveys.

A second contribution of this study is that it expands our
knowledge regarding travel patterns for adolescent
females. Adolescence represents a vulnerable time in
which risk-taking behavior increases [32] which is highly
correlated with increased morbidity in later adolescence
and adulthood [1,33]. This age range also represents a
time when children often become increasingly independ-
ent from caregivers, widening their travel patterns and
contextual exposures. Of note, previous studies have
focused on adult drivers or younger children and to our
knowledge, this is the first study that focuses on adoles-
cent travel patterns. Elgethun et al. have published several
articles describing use of GPS to assess exposure of chil-
dren ages 3 to 5 years old to pesticides [23]. Mackett et al.
have also employed GPS to analyze factors relating to
mode of transit used by children to travel to school [34].
Studies of adult travel patterns using GPS technologies
have occurred across a wide range of disciplines including
public health [35], geography [36,37], urban planning
[38], and women's studies [20,39]. In each of these
instances of research employing GPS, investigators have
found similar results to this project in that GPS has served
as an accurate and reliable modality for obtaining detailed
location/travel data that offers many advantages over
approaches that rely on self-report.

A third contribution of this study is the method described
for interpolating location. Several studies have discussed
the issue of missing location data due to factors such as
obstructed GPS signal, but methods for addressing miss-
ing location data are not well-described. The data interpo-
lation method that we used made several assumptions.
First, we assumed that there were no systematic factors
which influenced when the phone would transmit GPS
data points. In other words, gaps in GPS data transmission
were random - not determined by participant censoring
(turning the phone or GPS program off during periods in
which they did not want to be tracked) or cell phone bat-
tery life and charging patterns (if the battery was more
likely to die at the end of the day, for example). Partici-
pants denied changing their behaviors as a result of being
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tracked. Likewise, they denied censoring our ability to
track them by manipulating the phones' tracking abilities.
Participants reported regularly charging the phones. We
also monitored this through an additional program which
transmitted the remaining battery life at regular intervals
to our secure server. The gaps in recorded data could have
been due to physical obstruction or placement of cell
phone towers. Although this is perhaps not random, this
systematic bias would likely not be correlated with partic-
ipant health-related behaviors. Second, we assumed that
the missing data represented locations and paths between
two registered GPS points. We had no way of determining
where travel occurred between the two known points,
what the rate of travel was, whether there was more time
spent in the earlier or later point, and whether there were
stops along the way. As such, it would be difficult to use
this as an accurate method to calculate physical activity.
For example, if an individual's data revealed that she was
at her home at 4:00 pm and at the mall at 8:00 pm, we did
not know if she was at home until 7:45 pm and then drove
to the mall, if she drove to the mall at 4:05 pm and arrived
by 4:20 pm, whether she walked to the mall over the
course of 4 hours, or whether she left home sometime
after 4:00 pm, went out to dinner en route to the mall, and
arrived at the mall sometime before 8:00 pm. We
addressed the issue of missing GPS data through a sensi-
tivity analysis of different data interpolation trials. As
described in the methods, we imputed the missing data as
the point closer to home in one trial and as the point fur-
ther from home in another trial. We found little difference
in the results. In addition, we considered several cut-
points at which data were imputed or excluded from anal-
ysis. These cut-points ranged from 1 hour to 24 hours.
Since the majority of missing data were in the less than 1
hour range, we found little difference in our results using
various cut-points. We were unable to account for poten-
tial stops that were not geographically positioned along
the Euclidian path between the two known locations. We
would have found, however, greater differences in our
sensitivity analysis of cut-off points if this were frequently
the case.

Finally, it is important to note that we found no off-the-
shelf products to gather and use GPS data from cell
phones in near real time. However, our project showed
the feasibility of using free software development environ-
ments and platforms to create a system to both send and
receive GPS data from Blackberry phones. Although tech-
nical issues occurred throughout the study, they were all
overcome, and by the study's conclusions the system was
operating robustly and consistently.

Conclusion
GPS-enabled cell phones offer a feasible and, in many
ways, ideal modality of monitoring the location and travel
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patterns of adolescents. In addition, it allows space- and
time-specific interaction, probing, and intervention which
significantly extends both research and health promotion
beyond a clinical setting. We will continue using these
devices to conduct research monitoring spatial and tem-
poral variation in contextual exposure. Next steps include
monitoring larger numbers of adolescent women, repeat-
edly over a year, to investigate differences in travel pat-
terns by whether they engage in various health-risk
behaviors. We anticipate rich data that will contribute to
our understanding in both conceptual and technological
domains. In future studies, we hope to use this platform
to build space- and time-specific interventions.
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