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Abstract

Publi¢ health programmatic interventions are increasingly required to address the prevention needs
of aging populations, Falls in adults age 65 and older are the leading cause of injury hospitalization in
the U.S., and a leading cause of international fatal injuries in older adults. This project used geographic -
information systems (GIS) to create a site selection strategy for the dissemination and pilot evaluation of
a community-based fall prevention program for older adults in Pierce County, Washington. Potential site
addresses (n=_84), 2000 U.S. census data for adults >63 years of age, and local road networks, which
were converted into service areas using actual travel time, were entered in a GIS. Potential sites were
then ranked by census densities of older adults who lived within 10 min travel time. Nine sites launched
the program, with the goal recruiting 20 older adult program participants at each site (n=180). At the
end of 12 months, participation exceeded program goals (n==331). GIS can be used to determine actual
travel time, and may facilitate the selection of community-based prevention program sites to maximize
accessibility and utilization by targeted populations. ‘
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1. Introduction

Falls pose a significant heaith problem for older adults. Every year, about one-third
of those 65 years and older experience a fall. Falls accounted for over 15,000 deaths in
2005 and are the leading cause of nonfatal injury among older adults in the United States
(Centers for Disease Control and Prevention, 2007). Furthermore, falls injuries in older
adults are the leading cause of injury hospitalization in the United States (Finkelstein, Corso,
& Miller, 2006; Stevens, Ryan, & Kresnow, 20006). Internationally, injuries are a leading
cause of death in older adults, and falls represent a high proportion of their injury fatal-
ities (Rubinstein & Josephson, 2002). The resulting U.S. direct medical costs are about
$0.2 billion dollars for fatal falls and $19 billion dollars for nonfatal falls (Stevens, Corso,
Finkelstein, & Miller, 2006). Falls in older adults are also recognized as an international
public healtlr concern that requires population-based prevention strategies (McClure et al.,
2006). These preventable injuries create a financial and utilization burden on all segments of
health care systems, and threaten the independence and quality of life of our aging popula-
tion.

Falls in older adults have multifactorial causes and predisposing factors such as
lower extremity weakness, balance problems, and a history of falls (Rubenstein &
Josephson, 2006). Research shows that many falls in community-dwelling older adults
can be prevented through interventions such as multidimensional risk assessment and
risk reduction to prevent falls, and exercise that improves balance, strength, flexibility,
and endurance (Campbell & Robertson, 2006; Chang et al., 2004; Finkelstein et al.,
2006). In order to reduce fall-related injuries, community-dwelling older adults who are
aging in place are an important target for evidence-based community fall prevention pro-
grams.

A geographic information system (GIS) is a software system and group of proce-
dures that provide data input, storage and retrieval, mapping, and spatial analysis for
both spatial (location and shape of geographic features) and afttribute (characteristics
of the spatial features) data to support the decision-making activities of an organiza-
tion (O’Sullivan & Unwin, 2003). GIS provides the ability to combine and overlay
different data sets together using geography so that spatial analysis and modeling opera-
tions can be used to better understand geographic relationships (Cromley & McLafferty,
2002),

Geographic information systems (GIS) are now widely used by local, county, regional
and state governmental agencies in the areas of public health, economic development, trans-
portation, and land use planning, and are thus accessible by related community agencies and
organizations as a planning tool. GIS is also used in the private sector by business, transporta-
tion and environmental consulting firms. Despite this widespread use, GIS are an underused
yet powerful tool to guide program planning efforts (Cromley & McLafferty, 2002; Hirshorn
& Stewart, 2003). In this article, we describe an application of GIS that was used to ana-
lyze and select accessible sites in neighborhoods with high densities of adults 65 and older
for an evidence-based public health fall prevention program that targeted independent-living,
community-dwelling older adults and utilizes partnerships with existing community-based
organizations.,
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1.1. GIS in health studies

GIS has been used to measure geographic accessibility of hospitals to older adults (Love
& Lindquist, 1995), determine geographic access to pharmacies by the elderly (Lin, 2004),
and describe the geographic pattern of fall injuries among the elderly based on emergency
department reports (Yiannakoulias et al., 2003), GIS can also be used as a decision support
tool to allocate health services so that they are geographically accessible to the population they
intend to serve (Boulos, Roudsari, & Carson, 2001; Phillips, Kinman, Schnitzer, Lindbloom,
& Ewigman, 2000).

Access to health care may be defined as the ability of people to utilize services where and
when needed (Aday & Anderson, 1981; Cromley & McLafferty, 2002). Specifically, accessi-
bility includes geographic barriers or impedance such as distance, transportation, travel time,
and cost (Penchansky & Thomas, 1981) and is the dimension of health care access relevant to
this study, For our purposes, we utilize a working definition of accessibility that is geographi-
cally focused by seeking the shortest path and travel time for senior citizens to obtain a specific
health service, fall prevention exercise and education.

The most common measurement of accessibility in health care is straight-line or Euclidean
distance (Love & Lindquist, 1995; McLafferty, 2003), This distance measurement is typically
performed with a ‘buffering’ operation in the GIS, where buffers at various straight-line dis-
tances from a particular point are generated (Longley, Goodchild, Maquire, & Rhind, 2005;
O’Sullivan & Unwin, 2003). Buffering operations are relatively simple from a GIS stand-
point and thus have frequently been used in health care studies of patient accessibility (Love
& Lindquist, 1995; Martin, Roderick, Diamond, Clements, & Stone, 1998; Martin, Wrigley,
Barnett, & Roderick, 2002). However, it is' well supported that this is not the most effective
method of measuring actual travel distance or travel time, and hence accessibility (Longley
et al., 2005; Martin et al., 2002; O’Sullivan & Unwin, 2003; Scott, Temovsky, Lawrence,
Gudaitis, & Lowell, 1998). As an example, Martin et al. (1998) found that there were signif-
icant differences in travel times between models based on Euclidean distance versus actual
travel times in a study of patient’s access to renal dialysis centers,

There have been a few studies that describe the use of normative models as a tool for
healthcare planning within a GIS context. Cromley and McLafferty (2002) provide a brief
look into normative models and mathematical programming and Gesler et al. (2006) uti-
lized normative modeling techniques to investigate inequalities in health care coverage in
rural North Carolina. In a more detailed example of the application, Walsh, Page, and Gesler
(1997) conducted research to assess the role that GIS and network analysis play in defin-
ing service where hospitals, patients, and transportation networks were organized within a
- spatial analytical system that integrated measures of supply, demand, and impedance in the
calculation of a normative model of healthcare accessibility. The derived normative model
assumes that all patients can be treated at all hospitals and that patient travel time is the
primary decision factor in the selection or allocation of patients to hospitals for health-
care. The analysis generated normative service areas; that is, representations of what the
service areas “should be” to ensure geographic efficiency through travel time optimiza-
tion. In this case, efficiency was based on minimization of travel time to care from patient
addresses.




4 T. Carlson et al. / The Social Science Journal xxx (2011) xxx—xxx

Basic to an individual’s ability to access health care services is the geographic concept of
distance decay (Cromley & McLafferty, 2002). This is described as the tendency for a person’s
interaction with health services to decline as the distance to services, additional time, cost, and
effort increase. Several past studies have demonstrated the effect of distance on the use of a
variety of health care services (Fortney, Rost, Zhang, & Warren, 1999; Joseph & Phillips, 1984;
Shannon, Bashshur, & Metzner, 1969). Interestingly, required hospitalization and emergency
care show little or no distance decay, whereas there is strong distance decay in situations
where outpatient care is not urgent (Cromley & McLafferty, 2002; Goodman, Fisher, Stukel, &
Chang, 1997; Haynes, Bentham, Lovett, & Gale, 1999; Joseph & Phillips, 1984). Past studies
also indicate that patients with poor mobility, such as the elderly, are more sensitive to distance
and as a result will likely utilize the closest health services (Bashshur, Shannon, & Metzner,
1971; Haynes & Bentham, 1982; Nemet & Bailey, 2000). Furtherimore, studies have shown
* that patients are more likely to utilize health care services if they are found in their typical
activity spaces such as those routes that are traveled to and from work, or in the vicinity of
shopping. Thus, co-locating health services with other frequently used services and identifying
locations that minimize travel time may provide additional benefits to patients and providers
and minimize accessibility issues such as distance decay (Cromley & Shannon, 1986; Kendal,
Peterson, Manning, Xu, Neville, & Hogue, 2002; Nemet & Bailey, 2000).

In summary, while GIS has been used in access to health care studies, there are few applica-
tions in the literature regarding the use of GIS models to find optimal solutions to the problem
of locating health promotion activities for place-bound subpopulations, such as evidence-based
fall prevention programs for community-dwelling older adults. Furthermore, the use of actual
travel time, rather than distance as a criterion to locate potential sites for health promotion
programs, is an approach that is useful in health promotion planning.

1.2. Project background

Over the past decade, successful group exercise and education interventions for older adults
that address potentially modifiable risk factors for falling, such as muscle weakness, balance
impairment, and use of medications, have been examined through clinical trials, meta-analyses,
and systematic reviews. The resulting evidence-based guidelines for falls prevention iden-
tify multidimensional falls risk assessment (medication review and home modification) and
exercise interventions to improve strength, balance, flexibility and endurance, as effective pre-
vention strategies for older adults living in community settings (Chang et al., 2004; Clemson,
Cumming, Kendig, Swann, Heard, & Taylor, 2004; Finkelstein et al., 2006; Gillespie, Gillespie,
Robertson, Lamb, Cumming, & Rowe, 2003; Rubenstein, Stevens, & Scott, 2007; Sherrington
et al., 2008; Tinetti et al., 1994). Despite this evidence, there remains a gap between research
and public health practice. In order to bridge the gap, replicable models are needed that facili-
tate the dissemination of research into community settings, and that provide guidance on how
to establish fall prevention programs that are cost effective, sustainable, and able to reach large
numbers of the target population of community-dwelling older aduits (Prohaska et al., 2006;
Stevens, Corso, et al., 2006; Wilcox et al., 2006). '

From 2003 to 2003, the Washington State Department of Health Injury and Violence Preven-
tion Program conducted a Centers for Disease Control-funded randomized controlled trial to
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evaluate a community-based targeted fall prevention intervention for older adults (Shumway-
Cook et al.,, 2007). A key strategy used in that study was to locate community exercise sites
greater than 20 min of driving distance apart to reach the maximum number of community-
dwelling older adults in two counties with similar mixes of urban and rural communities, and
comparable total population sizes. These community sites included one non-profit fitness orga-
nization, two assisted living facilities, two senior centers, one independent living residential
facility, and two parks and recreation facilities.

From this study (Shumway-Cook et al., 2007), it was learned that most participants selected a
facility 15 min or less of travel time from their residences for enrollment and exitinterviews, and
the exercise and education class intervention sites if randomized to the intervention group. We
found that over time, patticipants reported increasing difficulty in attending classes regularly if
their travel time was greater than 10 min to class due to convenience, and transportation costs.
Therefore, the goal of this project was to develop a site selection strategy based on travel time
and target older adult population census densities by utilizing GIS, which we hoped would
maximize access and utilization te the fall prevention program sites by community-dwelling
older adults.

2. Methods
2.1. GIS model development

The primary purpose of this research was to utilize the analytical capability of geographic
information systems (GIS) to conduct a site selection strategy for fall prevention program sites
in Pierce County, Washington (see Fig. 1). According to the 1.8, Census, the 2000 population
of Pierce County was 751,121, making it the second most populous county in the state of
Washington. The 2000 population density was 161 people km? (417 per square mile). Pierce
County has a senior population of adults 65 and older of 86,511 or 11.8% of the total population
(U.S. Census Bureau, 2000). In order to find suitable sites for the fall prevention program, we
first had to determine a process and set of criteria that would help drive our analysis and aid in
the development of the GIS model that gaided the project (see Fig, 2).

The first and most important criterion was to locate sites in close proximity (10 min or
less travel time) of adults 65 years of age and older as derived from the 2000 Census. This
was deemed important as insights from the Senior Fall Prevention Study (Shumway-Cook
et al., 2007) had determined that seniors were most comfortable with an average travel time
of approximately 15 min or less when participating in a regularly scheduled exercise class.
This finding was confirmed in the focus groups of older adults on exercise program motivators
and barriers which were held after the study was completed. Another transportation factor
originally considered for analysis in the study was senior access to public transportation and
in particular municipal bus service. When this was examined with the GIS it was readily
observed that there was a significant coverage of bus stops and routes across the study area and
was deemed not a critical variable to include in the analysis. Research on the travel behavior
and transportation patterns of older adults has found that about 90% of daily travel trips taken
by adults 65 and older are made in private cars (University of California Berkeley Traffic Safety
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Center, 2002). Therefore, one challenge health planners face is to geographically locate these
prevention programs so that they are accessible to the population they are designed to serve,
thus maximizing the anticipated demand for services, minimizing overlapping service areas,
and promoting sustainability by using existing community-based organizations. The second
criterion was that the new sites be located in existing senior centers, if possible, as these
facilities often have the greatest organizational capacity and experience in program delivery
for community dwelling older adults. Alternate sites following existing senior centers in order
of organizational capacity for the program were parks and recreation facilities and senior
living facilities, respectively. The third criterion we considered was the overall proximity to
other senior fall prevention activity sites.

In order to reduce overlap, increase program reach, and to ensure an adequate geographic
coverage, we attempted to maximize the distance between sites, while maintaining a 10 min
maximum travel time to each site by high older adult census densities. So in addition to geo-
graphic location, the site selection process included the sites’ older adult community program
capacity characteristics, based on the type of organization (senior center, parks and recreation
facility, or older adult residential facilities). This method allowed us to integrate older adults’
preferences for types of community program sites, and organizational capacity (appropriate
facility space, marketing and staffing resources, adequate parking, and public transportation
access) for program sustainability, as learned in the previous study (Shumway-Cook et al.,
2007). For example, senior centers have a greater capacity for offering programs to community-
dwelling seniors than parks and recreation, and were therefore assigned a higher ranking. So
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Fig, 2. GIS model for site suitability ana]_ysis. (Dotted lines indicate the process of map revisions as the steps of
the model are completed.)

in addition to census density and geographic location factors, we took organizational capacity
into consideration in selecting sites.

The next step was to disseminate the pilot program for evaluation at up to 10 sites which
would be publicly accessible in Pierce County, Washington. In order to maximize community-
dwelling older adults’ access to the pilot program sites, we needed to identify the geographic
distribution of the census density of older adults age 65 and over in Pierce County in relation
to potential community organization partners (current exercise program sites, senior centers,
parks and recreation facilities, and senior residential facilities) that could be approached for
program delivery. A geographic information system (GIS) approach to identify and integrate
the geographic distribution of older adult census densities, potential community organization
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partners (ranked by capacity criteria), and travel time in driving minutes was chosen (sce
Fig, 2). This goal led to the creation of a campus—comumunity partnership which resulted in a
successfully implemented GIS model that can be replicated at the macro (county or regional
level) or micro (city or town) level for public health and older adult program planning and
analysis,

2.2. Geodatabase creation

In order to manage and store the complex spatial data needed for the project it was deemed
necessary to construct a geodatabase. The geodatabase for this site suitability study included a
street centerline file for Pierce County, Census 2000 Block Group data, and a table of potential
fall prevention site addresses. The street centerline file for Pierce County was obtained from
Pierce County GIS Division, and Census 2000 Block Group data were obtained from ESRI
(ESRI, 2007). Addresses of the five previous fall prevention study sites and the 84 potential
sites {senior centers, parks and recreation centers, and senior living facilities) that NorthWest
Orthopaedic Institute had identified through a community assessment (NorthWest Orthopaedic
Institute, 2006) were geocoded and added to the geodatabase (see Fig. 1). Geocoding is the
process of assigning a location, usually in the form of coordinate values (points/latitude and
longitude), to an address by comparing the descriptive location elements in the address table
to those present in the reference material such as street file data set. Addresses come in many
forms, ranging from the common address format of house number followed by the street name
and succeeding information to other location descriptions such as postal zone or census tract
(Cromley & McLafferty, 2002). The steps involved in geocoding are translating an address
entry, searching for the address in the reference data embedded in an address locator, and
delivering the best candidate or candidates. These steps include parsing or splitting the file into

parts that can be easily manipulated the address, standardizing abbreviated values, assigning

each address element to a category known as a match key, indexing the needed categories,
searching the reference data, assigning a score to each potential candidate, filtering the list of
candidates based on the minimum match score, and delivering the best match. Often utilized as
a means to provide geographic reference for health-related data (Melnick, 2002), the process
requires reference files, input address records, address locators, and the GIS software (Longley
et al., 2005; Maantay & Zigler, 2000).

2.3. Creating service areas using proximity analysis

Once the geodatabase was created, the geocoded point locations of potential fall prevention
sites were used in conjunction with the street layer to calculate service areas that were to be
used in determining proximity to high-density populations of older adults. This is a point in
which our project deviated from traditional proximity analysis that utilize geographic buffers,
Geographic buffers are commonly used to determine the characteristics of an area within close
proximity to specific services, as well as a means to measure the accessibility of an area. These
buffers are typically defined by circle-shaped polygons which have a radius defined by the
maximum distance a person is likely to drive. Another method that has recently gained a lot
of attention in the modeling and research communities involves the development of network-
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Fig, 3. Comparison of geographic buffer to road network generated service area. The circular buffer depicts an as
the crow flies 10min travel time from the proposed facility location whereas the network generated service area
depicts the actual 10 min travel time.

based polygons, or “service areas” that are constructed from the actual street or road network
for an area, as opposed to the “as-the-crow-flies” method that defines the circular-polygons.
Because of this characteristic, the network-based approach can be used to provide a better
understanding of the overall vehicular accessibility of an area, and therefore travel time.

A service area is a zone around a map feature (in this case, a potential exercise program site)
measured in units of distance or time (Cromley & McLafferty, 2002). As a means of performing
a proximity analysis, we utilized ArcGIS Network Analyst, which allows for a type of network
analysis to determine the region that encompasses all accessible streets (streets that lie within
a specified impedance), For example, the 10 min service area for a location (such as a senior
center) includes all the streets that can be reached within 10 min of driving time from that
location.

Compared with simple buffering operations, using the Network Analyst Extension was found
to provide a far more accurate representation of actual service areas, A visual example of this
difference is provided in Fig. 3. This figure shows that the circular shaped polygon around a
location misrepresents actual travel time and distance as compared to the network service area.
Generating buffers only provides a Buclidian or straight line distance from selected features,
whereas using Network Analysis functions we were able to determine actual travel distance
and hence travel times from selected features, which then enabled us to calculate a “service
area” around each feature. The service area represents areas of actual travel distance to or from
a site. This network-based approach makes more sense in that accessibility should be measured
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using real roads and networks and travel times as opposed to the fiction of traveling through
solid buildings and across blocks of land (as assumed by the traditional polygon approach).

2.4. Creating network-based service areas

There are three steps involved in generating network service areas. The first and most
crucial step involves building a Network Dataset. Typical components used in a network
dataset include: Streets or paths represented as polylines, attributes that can be used to define
path connectivity policies, street or path names, elevation of path segments, functional hier-
archy of streets, as ‘well as some form of network impedance such as segment length or
estimated speed of travel. A necessary sub-step in building the Network Dataset is the mod-
ification of a regional street dataset to include network impedances or cost atiributes that
can be used to model the flow of pedestrian or vehicular traffic. Network impedances deter-
mine which roads are accessible to vehicles as well as pedestrians, the speed or time it
takes to traverse a particular segment, as well as the length or distance traveled along the
segment.

The second step involves locating the facilities or locations from which the service area
boundaries will be generated. Facilities must be located within an acceptable dlstance from the
network paths in order to generate the network-based polygons.

The third step is to generate the network-based polygons based on user-defined parameters.
Examples of these parameters are the network impedance, the direction of travel, if u-turns are
permitted, and the type of polygon generated. The Network Analyst extension contains several
tools to facilitate these three steps.

3. Results

We utilized the 10 min drive-time as the final distance criterion and applied it to senior
centers, park and recreation facilities and senior fiving facilities. With the geographic variation
in potential site locations and conditions, eliminating overlap of the 10 min drive time was not
entirely possible. We also found that there were some gaps between the potential sites, again
something that was unavoidable due to the distribution of potential sites in relation to other
" variables such as type of site, and population density.

From previous work it was determined that the senior centers were preferable to park and
recreation facilities and senior living facilities. We then examined population 65 and over
for each of these areas, distance to other areas or potential sites, and how many other senior
facilities were in the vicinity or service area to reduce the original geocoded number of 84
potential sites down to 20. This was accomplished in the GIS through an overlay process,

where Census Block Groups and associated data were captured that fell within or intersected

the boundary of the service areas, We provide Fig. 4 to emphasize again the importance of
utilizing the network service area over simple geographic buffers and believe that the map
demonstrates this utility in capturing Census data as part of this‘criterion. This then allowed
for the ranking by population over 65. This was perhaps the most valuable part of the analysis
in order to determine which sites to approach for fall prevention activities. This provided a total
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of 20 service areas and potential locations for fall prevention activities (Fig. 5, due to scale not
all sites are visible). . _

In the next phase, organizations. were approached for program partnering based on their GIS
model ranking. A total of 17 sites were identified and approached to obtain the final nine sites,
which each offered one class designed for up to 20 older adults to attend on a regular basis
(1h, three times a week), for a goal of recruiting 180 older adults. Barriers to site participation
were policy-related (organizations did not feel program was of value or did not have senior
administrative support to start a new program) or capacity-related (unavailable time, resources,
facility space, schedule, or personnel for program).

One year later, six of the nine sites had successfully sustained the program and were offering a
total of seven classes, and 331 adults (316 adults 65 and older, and interestingly, 15 adults 48—-64
years of age), attended the classes (range of 1-119 classes, mean number of classes attended
24.72, SD 28.51), This recruitment was 83% greater than the original goal of recruiting 180
older adults. To promote long-term sustainability, sites were allowed to set their own class fees
for participants; cost per class was free at two sites, and up to a maximum of $2.75 per class at
other sites. One site ended their class shortly after 12 months due to a decision by its operating
board, despite the objections of the class participants, The five remaining sites successfully

embedded the program into their organizations and created long-term sustainability. Four of
~ five sites under one parks and recreation organization were not able to successfully launch the
classes, due to inadequately mobilized internal support at several organizational levels, Thus,
while it is important for public health program planners to externally assess potential partner




Senior Falls Prevention Exercise Sltes

*  Proposed Sles , ,4%5
= Existing Sites L .
| 10 Minute Trave] Time o e = lomatos

Fig. 5. Senior fall prevention exercise sites.

sites’ geographic location and organizational capacity, we found that it is equally important
for the partner organizations to internally assess readiness and develop program support at all
organizational levels (Frank, 2003) when initially forming public health program partnerships.

4. Discussion

This study demonstrated how GIS can be used to assist health planners in identifying acces-
sible sites for health promotion programs that maximize the efficient utilization of resources.
Locating sites and recruiting and retaining older adults for a fall prevention pilot program was
aided by the use of GIS. The site suitability analysis model was created by first conducting a
community assessment of potential sites that we identified to have program capacity, estab-
lishing criteria for site selection, and then creating a geodatabase that included street file data,
census data and geocoded addresses of potential sites. Service areas were established and actual
travel time using ArcGIS’s Network Analyst Extension (instead of traditional buffering oper-
ations) was determined. This method was found to provide a more representative assessment
of travel time/distance than circular buffers. The use of a network model to generate service
areas provided us with actual travel distance in real time, as opposed to straight line distance,
and also helped us minimize overlapping service coverage through the visualization of service
areas.

GIS offers a feasible and practical method for public health program planning for older
adults and other populations. By overlaying layers of spatial data such as street networks and
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the geographic distribution of the population with attribute data such as the location of services,
new information is produced that can be used in program planning. While others have reported
the benefits of using the analytic operations of GIS to identify the geographic distribution
of the population to be served, locate existing resources or services, and evaluate the spatial
relationship between them (Caley, 2004; Cusimano, Chipman, Glazier, Rinner, & Marshall,
2007; Hirshorn & Stewart, 2003; Murad, 2004, Phillips et al., 2000), the network analysis
operation in our study used actual travel time to delineate service areas rather than straight-line
distance. This paper varies from the afore mentioned studies by Walsh et al. (1997), Cromley
and McLafferty (2002), and Gesler et al. (2006) in that although a network analysis is used,
‘we were not seeking the best route to a service, but instead we sought to allocate a service area
around each site, which was then utilized to determine travel times, capture Census data and
reduce potential overlaps in the defined service. However, very much like the Walsh et al. paper,
we sought to demonstrate the use of GIS and Network analysis in the area of healthcare. The
process used in this study is replicable in other communities that want to evaluate the suitability
of potential program sites for health promotion programs, as it takes into account the geographic
distribution of the population to be served, their geographic mobility characteristics, and actual
travel time to program locations.

Lessons learned from this phase of the pilot program dissemination were that the GIS
approach is highly effective in identifying, prioritizing and targeting potential program sites.
Organizational batriers (e.g. conflicting organizational policies, capacity issues) are also
program implementation factors. Organizational capacity and willingness factors related to
disseminating programs for community-dwelling older adults also need to be analyzed when
identifying potential community-based organization program partners (Beilenson, 2005). Com-
munity partnerships with academic partners and community-based organizations facilitated the
selection of suitable sites for the fall prevention program utilizing GIS.

Several limitations were noted, including the currency of Census data used. Because of
potential population mobility, there may be changes in where older adults reside, thereby
affecting the models used in the analysis. Another limitation of the approach is the potential
to not provide coverage or undercover geographic regions; this might be particularly true in
rural communities where population densities may be lower. Therefore, additional program
planning or justifications may need to be considered in geographically underserved areas when
population density is less of a factor. For some health planners, access to accurate local street
data may be difficult. Forthermore, the technological capability (GIS) of public health planners
may be limited, and it may be difficult to identify partners with GIS expertise to assist in the
analysis, Once potential sites were identified, we found that there was a lack of understanding
and some resistance in community-based organizations about fall prevention best practices.
This highlights the importance of community education at policy and professional levels.
Finally, the number of sites where fall prevention programs could be started was limited by
program funding.

It is important to note that this particular intervention model (study) was developed from a
solid understanding of the behavior and attitudes of older adults and was based on interview
data from the Shumway-Coolk et al. (2007) study. As previously mentioned, questions on travel
methods and time indicated that older adults prefer travel in private cars over short distance or
travel times; which equated with ease of access and was found to foster long-term participation.
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For long-term, 2-3 times per week fall prevention exercise program participation, in order to
maximize and maintain the benefits of this type of health program, travel factors were found
to be of increased importance to participants, whereas in a program that delivers benefits with
only short-term participation goals, participants are less sensitive to travel time/distance factors
(such as monthly, quarterly or semi-annual physician office visits). It was also noted that there
was a preference for co-location of exercise classes with other activities. We realize in future
studies it may be beneficial to ask prevention program participants how important distance
and time are in comparison with other social and economic factors in theu' decisions to choose
particular falls prevention program locations.

Geographicinformation systems are an underused yet potent tool that can be used by program
planners to locate services so that they are travel accessible to the population they are designed
to serve, cost effective, and are sustainable using existing community resources. GIS, when
used with organizational assessments, social marketing strategies, and professional education,
can facilitate the adoption of effective health promotion programming for older adults in a
geographic region.
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