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A B S T R A C T

Public libraries strive to provide everyone in their surrounding communities the ability to access their information and services. However, previous research indicates
that the closer someone lives to a library, the more likely they are to visit, while reduced proximity can dissuade or even prevent people from visiting. This study
extends upon existing research on spatial access to libraries to detail a methodology for measuring how access can differ temporally, either by time of day or by the
day of the week, as well as by available travel mode. This is exemplified in a case study of access to libraries in Regina, Canada, finding that those who are reliant on
public transit have substantially less access to public libraries than those with a private car. Results also show that travelling to libraries during the morning, evening,
or weekend takes longer, on average, than during weekday afternoons due to reduced opening hours.

1. Introduction

Public libraries are paramount in many communities in providing
educational, social, and cultural services and resources. They are typi-
cally supported by taxes, planned to serve the interests of the public,
and are open to anyone in the community who wants to access them.
They improve nearby residents' well-being and increase social equality
by striving to provide everyone in the community the opportunity to
access their information and services (Audunson, 2005; Vårheim,
Steinmo, & Ide, 2008).

Accessibility, from an urban geographic perspective, is understood
as the ease of reaching destinations (Hansen, 1959). Low levels of ac-
cessibility can deter or even prevent people in travelling to and parti-
cipate in activities important to their well-being (Lucas, 2012; Næss,
2006). Previous research has indicated that the propensity for someone
to visit public libraries and access their resources and services is partly
dependent on one's proximity and associated difficulty to travel to them
(Koontz, 1997; Palmer, 1981; Park, 2012b). A common goal of planning
the locations of public services like libraries, and urban planning more
generally, is to reduce inequalities of spatial accessibility (Geurs & Van
Wee, 2004). Accordingly, there have been a number of studies which
have mapped and analyzed spatial access to public libraries in order to
highlight neighbourhoods and regions with low accessibility (Donnelly,
2015; Guo, Chan, & Yip, 2017; Higgs, Langford, & Fry, 2013;
Ottensmann, 1994; Park, 2012a). This body of research, which has
drawn attention to inequalities by neighbourhood in the ability for
people to access and make use of public libraries, aims to inform and
aid policy to reduce inequalities in access, including siting new library

branches.

2. Problem statement

A shortcoming in existing research on spatial access to public li-
braries is the use of a static measure of proximity, either a straight line
distance or a network-based distance (e.g., along a street network). Yet
research in spatial access to other types of destinations has shown that
spatial access can vary substantially depending on time of day due to
temporal variations in transport networks (Farber & Fu, 2017; Owen &
Levinson, 2015) or opening hours of services (Delafontaine, Neutens,
Schwanen, & Van de Weghe, 2011; Widener et al., 2017), as well as
differences in accessibility afforded by available travel mode
(Benenson, Martens, Rofé, & Kwartler, 2011). These differences in ac-
cess by mode are amplified at times when transit service is less frequent
(e.g., weekend transit service is typically less frequent than weekday
service). As well, access to public libraries is dependent on their hours
of operation, which can vary by time of day or day of the week. A
library with limited opening hours provides its nearby residents with
less access than a library with longer opening hours (Delafontaine et al.,
2011). Moreover, those with greater constraints in terms of when or
what travel modes are available to them are often of lower socio-eco-
nomic status (Lucas, 2012; Næss, 2006).

Accordingly, this study outlines a methodology for measuring spa-
tial access to libraries that can compositely account for variations by
time of day, day of week, and by travel mode. This methodology in-
creases understanding of the spatial and temporal contexts of how li-
braries are situated within their neighbourhoods; it is able to identify
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gaps in accessibility across multiple dimensions; and subsequently,
provides enhanced evidence to aid policy in reducing inequalities in
access to public libraries.

3. Literature review

Public libraries have long been a bastion of providing people equal
opportunity to access a variety of information and educational re-
sources (Audunson, 2005; Vårheim et al., 2008). Many libraries are
centres of social activity within their communities, and as such, have
been shown to foster social inclusion, help develop social capital, and
increase social interaction among people from different backgrounds
(Audunson, 2005; Goulding, 2004; Hillenbrand, 2005; Vårheim et al.,
2008). Moreover, libraries are particularly relied upon by many in-
dividuals of lower socio-economic status, like the homeless (Hodgetts
et al., 2008), recent immigrants (Vårheim, 2011), and lower-income
families (A. P. Bishop, Tidline, Shoemaker, & Salela, 1999) for access to
programs like employment services (e.g., job boards), digital tools (e.g.,
computers and internet), and classes and other educational materials
(e.g., for learning languages, computer skills, etc.). For some, these
services and opportunities are unavailable elsewhere, or if they are, can
only be accessed with a much greater cost. Overall, public libraries
strive to ensure that no one is excluded from accessing their informa-
tion and services regardless of their socio-economic status.

Knowledge of surrounding geographical context has long aided
public library planning and policy. For example, the socio-demographic
characteristics of nearby residents can help library managers decide
what type of books and other educational material to select and which
services to offer (Adkins & Sturges, 2004; Kinikin, 2004). Common
approaches in this research domain include mapping buffers or service
areas surrounding library branches and tabulating socio-demographic
characteristics (e.g., income, age, religion, etc.) of the populations
within these zones, often based on available census data (B. W. Bishop
& Mandel, 2010; Donnelly, 2014; Hawkins, 1994; Hertel & Sprague,
2007; Ottensmann, 1997; Sin, 2011).

Spatial proximity has also been linked with propensity to visit
public libraries. From an urban geography perspective, accessibility is
concerned with evaluating how well a transport network allows people
to travel to where they want to go in a reasonable amount of time
(Hansen, 1959). Research in urban accessibility has included measuring
the capability of people to access employment opportunities, health
services, schools and educational facilities, and retail locations (Geurs &
Van Wee, 2004). Ample research has shown that the less accessible a
destination is, the more likely someone will be dissuaded from travel-
ling to and participating in activities at it (Lucas, 2012; Næss, 2006).
For public libraries in particular, simple measures of proximity, like
distance, are correlated with number of visits and use of services at
libraries (Palmer, 1981; Park, 2012b). While completely equitable
spatial access is not realistically feasible (e.g., not everyone can live an
equal distance to a public library), a common goal in library planning,
and urban land use and transportation planning more broadly, is to
minimize inequalities of access and to try to ensure that no one is de-
terred from visiting a location because of any travel barriers. Measuring
and mapping inequalities of access are often used to examine where
individuals are at greatest risk of experiencing inaccessibility and to
direct policy to improve access, either through land use strategies (e.g.,
planning a new service location), or improving transport connections
linking with other areas (e.g., by planning new or re-aligning existing
public transit service) (Geurs & Van Wee, 2004). This type of research is
often stratified by socio-economic characteristics to examine whether
(in)accessibility is correlated with specific groups (e.g., low-income
households) who may be in greater need of a service (Delbosc & Currie,
2011).

There have been several applied research projects which have
computed and mapped spatial access to public libraries to examine
inequalities in accessibility and highlight areas with low access.

Ottensmann (1994) measured equity of access to libraries in In-
dianapolis by comparing neighbourhood income level with distance to
the nearest library and book stock at library branches to highlight lo-
cations with limited access to services. Park (2012a) examined distance
to libraries in Lake County, Florida, based on the road network and
analyzed their result with respect to socio-economic status. Higgs et al.
(2013) analyzed access to digital services in public libraries in Wales,
also based on road network distance, weighting by the digital services
available at different branches. Vodeb and Vodeb (2015) conducted a
similar analysis of access to libraries in Slovenia, also measuring access
using a network-based distance, but included attractiveness weights for
the number of books at each library. Guo et al. (2017) used a similar
approach to analyze spatial variation of accessibility to libraries in
Hong Kong and found that areas of low access were more common in
newly developed residential areas where libraries had not yet been built
to meet recent demand. This type of research has also been conducted
to compare accessibility between cities and regions, rather than just
within cities. Donnelly (2015) examined regional variation in distance
to public libraries across the United States and found that central states
provide less access than coastal states. Other research in this domain
has focused on highlighting areas with low levels of observed access in
order to recommend locations for new library branches in under-served
regions (Kinikin, 2004; Koontz, 1997).

A shortcoming in almost all of this existing research is the static
treatment of distance in measuring proximity and accessibility to public
libraries. However, research in other domains of urban geography has
shown that accessibility is not simply a measure of distance on a map. It
can vary depending on a variety of spatial and temporal attributes,
including land use characteristics (e.g., the relative location libraries
and their associated opening hours), the availability and structure of
transport networks (e.g., travel time varies whether someone drives,
cycles, or relies on public transit), and individual attributes (e.g.,
whether someone can afford regular access to a private vehicle, is
physically able to walk to a transit stop, etc.) (Geurs & Van Wee, 2004;
Hanson, 1982). Some of these different variables can compound to
decrease accessibility (e.g., when someone cannot afford a car and
transit service is insufficient). Moreover, the availability of destinations
and travel on transport networks can vary over time. For example, li-
braries have specific opening hours, driving times vary by time of day
due to congestion, and transit service changes depending on time of day
and day of the week. Individual time constraints can also reduce ac-
cessibility—if someone's working hours overlap with the majority of the
opening hours of a library, it can leave little time for visiting.

There has only been one study (Delafontaine et al., 2011) which
examined spatial access to libraries that incorporated a temporal di-
mension. They used the opening hours of public libraries in Ghent,
Belgium, to examine how spatial access varies over the course of a
week. Their study, however, did not consider temporal variations
within travel modes (e.g., how travel times by transit vary by time of
day). Research in spatial accessibility to other services has accounted
for compounded temporal variations in travel times. For example, re-
search has shown that access to employment opportunities also varies
temporally due to varying transit service (Farber & Fu, 2017; Owen &
Levinson, 2015). In another study, Widener et al. (2017) examined how
access to supermarkets varies by time of day due to opening hours of
shops as well as fluctuating transit schedules.

To date, no study has examined variations in spatial access to public
libraries by time of day, day of week, and travel mode in a way that
accounts for both temporal fluctuations within transportation networks
and branch operating hours. Better understanding of how spatial access
varies across these dimensions could provide additional context for how
libraries are situated within their neighbourhoods, identify gaps in
accessibility, and subsequently provide enhanced evidence to aid policy
to reduce inequalities in access to public libraries.
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4. Methodology

Calculating and mapping measures of access to public libraries that
account for space, time, and travel mode require three data inputs. The
first are the where and when of libraries, that is, their spatial co-
ordinates and associated opening hours. The second are the home lo-
cations of potential patrons. These can either be the point locations of
households or can be generalized to areal units, like census zones. The
third necessary inputs are graph representations of the transportation
networks in the region of study. Network graphs are needed for com-
puting realistic travel times between households and the locations of
public libraries, for one or more travel modes (e.g., walking, bike,
transit, or car), as well as for specific departure times. For example, a
transit trip from i to j should include the time walking to a stop, waiting
for a transit vehicle based on its schedule, in-vehicle travel time,
transferring between vehicles if necessary, and walking from the de-
parture stop to the final destination.

These inputs can then be used to compute a number of accessibility
measures. A commonly used measure is the travel time to the nearest
facility. This can be formulated as follows, where ti,j is the travel time
from a household location i to a library j, and Ti is the travel time to the
nearest library of the set of all libraries in the region of study, j ∈ J.

=T tmin ( )i
j J

i j, (1)

Ti can then be expanded for measuring travel times for specific dates
and time of day, τ, and for a specific travel mode, μ (e.g., by transit at
2:00 pm on Sunday). This also requires encoding of visit duration, to
examine whether someone has enough time to visit a library before it
closes. Visit duration can range from just a few minutes for picking up
books, to wanting to stay for several hours. For example, if it is 5:00 pm
and someone wants to visit a library for at least 45min, but the library
closes at 6:00 pm, it is only accessible if they can travel to it within
15min or less. This expanded measure of travel time to the nearest
library can be formulated with an if-else statement based on two con-
ditions. The first checks whether someone has enough time to travel to
and visit the library before it closes. The second checks whether the
arrival time is before the time when library opens (i.e., does someone
have to wait before they are able to visit the library). If these conditions
are met, then the travel time from i to j is based on the transport net-
work graph for the departure time, τ. If these condition are not satisfied,
then the travel time from i to j is the difference between the current
time, and the next time the library opens. This is formulated as follows.

=T tmin ( )i µ
j J

i j µ, , , , , , , (2)

=
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, (3)

where δi, j, τ, μ is the travel time from i to j at departure time τ and via a
travel mode μ. τj, o is the opening time of the library branch, j, and τj, c is
the closing time of the library branch. δν is the minimum time required
to visit a library for a type of visit, ν. The minimum visiting time, δν,
will vary individually and it may also vary by demographics (e.g., age),
socio-economic status, neighbourhood, or by branch. For urban-scale
studies, population averages can be estimated from patron time-use
surveys. If survey data are not available, then a reasonable constant
variable can be applied to the calculation (e.g., 60min, 90min, etc.).

The resulting values of Ti, τ, μ, ν can be stored in a four dimensional
data array where each dimension pertains to i, τ, μ, and ν, respectively.
Since these measures are linked to spatial coordinates or areal units,
they can easily be mapped in geographic information system (GIS)
software to explore how different access to library measures varies over
space. This can be expanded to map comparisons in accessibility, either
by mode, or by time of day or day of the week and can also be overlaid
and analyzed in relation to other variables, such as neighbourhood level
census data or land use characteristics.

This data array can also be queried to answer any number of ana-
lytical questions regarding variations in spatial accessibility by ag-
gregating over these dimensions. For example, on average, how does
access vary mid-day compared to the evening after some branches
close? How does access to libraries vary on a weekday compared to a
Saturday or a Sunday? Which neighbourhoods have the greatest dis-
crepancy in travel time to the nearest public libraries comparing public
transit to private car? One method for answering these questions is to
compute the average travel time to the nearest library, A, for a set time
period, from τa to τb, and then to compare the result for different sce-
narios (e.g., by mode, or between different times of day or days of the
week).

=A T d( ) ( )i µ b a i µ, ,
1

, ,
a

b

(4)

5. Case study

A case study compared spatial access to public libraries in Regina,
Canada. Regina is the capital of the prairie province of Saskatchewan,
and in 2016 the city was home to 262,837 people (Statistics Canada,
2016). The urban form of Regina is primarily comprised of automobile-
oriented, low-density, suburban development—emblematic of many
mid-size North American cities. The local government provides public
transit service, with a total of 21 of surface bus routes, and has a yearly
ridership of approximately 6.5 million trips (Regina Transit, 2018). The
majority of people in Regina commute by car rather than by public
transit or active modes such as bicycling or walking (Statistics Canada,
2016). However, the minority that travel by public transit are often
reliant on it for daily travel as they are unable to drive regularly. The
city has nine government funded public library branches with bor-
rowing services, reference materials, computer access, organized book
clubs and other events, a variety of printing options, and digitization
tools (Regina Public Library, 2018). Fig. 1 displays a map of Regina
with the set of public libraries overlaid onto a choropleth of population
density.

Fig. 1. Public libraries and population density in Regina.
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5.1. Data sources

Data for the locations and opening hours of public libraries were
acquired from the Regina Public Library website in January of 2018.
The home locations of residents were modelled as the population
weighted centroids of census dissemination areas (DAs) from the 2016
Canadian census. DAs are typically delineated to pertain to 400–700
people and they are the smallest geographical units in which the full
range of census demographic variables are available publicly (Statistics
Canada, 2016).

The second key input was a multi-modal transport network graph
used to estimate travel times between home locations to public libraries
for different travel modes and for times of day. The network graph was
built from data representing street network segments and transit
schedules. The data for network segments are from OpenStreetMap1

(OSM) and include attributes for modal restrictions (e.g., some edges
cannot be used for driving, but can be used for walking or cycling),
associated speed limits, one-way streets, and turn restrictions. From
visual inspection, the OSM network was found to be more compre-
hensive than alternative proprietary and government data sources,
particularly since it contains greater coverage of pedestrian and cycling
paths. Transit schedules were sourced from the city's transit agency, the
Regina Transit. These data were provided in general transit feed spe-
cification (GTFS) format. GTFS is an open data format which encodes
transit schedules, routes, and stops in a series of relatable comma se-
parated value tables. The network graph was built using the routing
engine OpenTripPlanner.2 This software inputs OSM and GTFS data and
subsequently allows for computing detailed itineraries for transit,
driving, cycling, or walking trips. For example, a transit trip is inclusive
of walking to a stop, waiting for a vehicle, in-transit travel time, and
walking from departure stop to the final destination. These open data
sources and tools have been used in studies on transport accessibility to
other types of destinations such as employment (Owen & Levinson,
2015) and grocery stores (Widener et al., 2017).

These network graphs were used to compute the travel times from
each DA to public libraries for four travel modes (bike, car, transit, and
walking) and for different times of day. These computed travel times
were then queried using the formulations presented in Eqs. 2 and 3 in
order to measure the minimum travel time to the nearest library at
different times of day, and for each of the four travel modes. For this
case study, the minimum visiting time, δν, was assumed to be 60min.
The measures computed in Eqs. 2 and 3 were then averaged over spe-
cific time periods as in Eq. 4 to provide the ability to compare between
travel mode, time of day, and day of the week. From a technical per-
spective, the measures in Eqs. 2–4 were computed using R, an open-
source statistical programming language.3 The code to compute the
measures in Eqs. 2–4 is freely available on GitHub.4

5.2. Comparisons by travel mode

Table 1 and Fig. 2 compare how access differs by travel mode,
specifically between private vehicle, public transit, by bicycle, and for
walking. These are computed and averaged over a midday period
(10 am to 2 pm) for a Tuesday, a time of the week when all libraries are
open and transit is operating in full service. Table 1 displays the mean
travel time to the nearest public library, for each of the four travel
modes. Unsurprisingly, those who have a car at their disposal are af-
forded greater access than those who do not. Interestingly, cycling
provides greater access on average than by transit. However, cycling
may not to be an option for some due to lack of health or otherwise. As
well, given the frosty winters in Regina, cycling is only feasible for most
residents for approximately two thirds of a calendar year. Maps of ac-
cess by neighbourhood for each mode are displayed in Fig. 2. These
clearly show the reduced access for those who would rely on transit or
walk compared to those with a private vehicle. As well, gaps in access
are particularly accentuated for those who are unable to drive or bike.

5.3. Comparisons by day of week

This section compares accessibility to libraries by day of the week.
This is focused on public transit given the greater variations in travel
times and sharper differences in accessibility found in the previous
section comparing with other modes. Table 2 displays how average
levels of access to libraries vary for each day of the week. Maps com-
paring spatial access on Monday, Tuesday, Wednesday, and Saturday
are displayed in Fig. 3. These 4 days were selected to be displayed as
they have the most distinct patterns from each other (patterns for
Wednesday are similar to Thursday, Tuesday is similar to Friday, and
Saturday is similar to Sunday). Overall, access is similar for each
weekday, while Saturday and Sunday provide much less access. Transit
service is equivalent for each weekday, so weekday variations are due
to differences in opening hours. For example, on Monday, two of the
nine branches are closed, resulting in limited access for their nearby
neighbourhoods. On Wednesday and Thursday, some of the branches
do not open until 1 pm, resulting in limited access in a few neigh-
bourhoods. For Tuesday and Friday, all branches open at 9:30 am,
providing the greatest levels of access compared to other days of the
week. On Saturday, all branches are open, but transit service is less
frequent than on weekdays. Access on Sunday is also limited due to
reduced transit service as well as even shorter opening hours (libraries
on Sunday do not open until noon).

5.4. Comparisons by time of day

Table 3 shows how access to libraries varies by time of day. Ac-
cessibility is averaged over morning (10 am to 12 am), early afternoon
(12 am to 2 pm), late afternoon (2 pm to 4 pm), and evening (4 pm to
6 pm) periods. The afternoon periods offer the greatest levels of access
to public libraries on average, while the morning and evenings have
slight longer travel times to the nearest library on average. The map in
Fig. 4 shows the spatial patterns of each period. The patterns are similar
across each time period, but the values are reduced for the morning and
evening. For example, there are fewer dark areas (where travel time to
the nearest library is on average less than 10min) around points in the
10 am to 12 pm and for the 4 pm to 6 pm maps as some of these libraries
either open late or close early for a few days of the week, meaning
residents have to travel to a further library if they wish to visit during
these times. The central library has the longest opening hours, and thus
has the least reduction in access for the morning and evening periods.

6. Discussion

The greatest differences in observed access are by travel mode.
Nearly 80% of residents live in areas where they can visit a library in

Table 1
Average travel time (in minutes) to the nearest library comparing by travel
mode.

Time of day M SD % of population by 10min intervals

0–9.99 10–19.99 20–29.99 30 or more

Bicycle 10.7 6.1 51.8 39.3 8.5 0.5
Car 7.4 3.7 79.8 19.9 0.3 0.0
Public transit 19.3 9.4 17.5 40.9 29.3 12.3
Walk 26.5 14.5 12.5 24.0 26.9 36.6

1 https://www.openstreetmap.org/
2 http://www.opentripplanner.org/
3 https://www.r-project.org/
4 https://github.com/jamaps/library-spatial-access
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less than 10min by driving, while only 20% live in areas where they
can visit a library in less than 10min by transit (Table 1). The majority
of households in Regina have at least one car (Statistics Canada, 2016),
but those that do not have regular access to a car are more likely to be
in lower socio-economic status groups (e.g., elderly, disabled, recent
immigrants, lower-income households). These groups may also rely on
public libraries for important services and learning materials which can
improve well-being, employment outcomes, and social inclusion in a
community (Audunson, 2005; A. P. Bishop et al., 1999; Vårheim et al.,
2008). Certainly, this points towards advocating for improving transit
service, either through more frequent or more direct transit routes, in
order to provide better access for the non-driving population. White

and light grey areas in Fig. 2 would be key neighbourhoods to improve
public transit links to libraries. Aside from costly transit investments,
another potential pathway for improving access for those without a car
would be to encourage cycling. In Regina, over 50% of the population
lives within a 10min bicycle ride to the nearest library (Table 1). Re-
gina also has a flat terrain, making cycling a viable options in the
warmer months. Encouraging cycling could include strategies of ad-
vocating for safer cycling infrastructure (e.g., separated bike lanes and
trails) or improved bicycle facilities at libraries (e.g., bicycle parking,
air pumps and maintenance stations).

As well, increasing opening hours would provide greater access as it
would provide more options for residents on when to visit. However,

Fig. 2. Comparing spatial access to public libraries by travel mode.
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Fig. 3. Comparing spatial access to public libraries by transit for different days of the week.

Table 3
Average travel time by public transit (in minutes) to the nearest library by time
of day.

Time of day M SD % of population by 10min intervals

0–9.99 10–19.99 20–29.99 30 or more

10 am – 12 pm 21.5 9.0 8.2 36.9 38.8 16.1
12 pm – 2 pm 20.2 9.2 12.3 40.9 34.3 12.4
2 pm – 4 pm 19.6 9.3 15.5 40.4 31.6 12.5
4 pm – 6 pm 23.3 8.6 4.7 29.4 48.3 17.6

Table 2
Average travel time by public transit (in minutes) to the nearest library by day
of the week.

Day M SD % of population by 10min intervals

0–9.99 10–19.99 20–29.99 30 or more

Monday 21.0 9.8 12.8 36.9 34.2 16.1
Tuesday 19.2 9.6 17.5 41.2 29.4 11.9
Wednesday 20.9 9.3 10.5 38.3 37.5 13.7
Thursday 21.4 9.7 12.0 33.4 38.9 15.7
Friday 19.3 9.7 17.5 41.2 29.1 12.3
Saturday 24.3 10.2 6.3 27.8 41.3 24.6
Sunday 30.5 7.7 0.0 15.0 29.7 55.3
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this would certainly require available funding. From our case study,
access was less on the weekends due to limited hours (see Table 2 and
Fig. 3). This is also the time in which people are less likely to work and
are more likely to have time to visit libraries. If funding were available
to increase hours, it would be best allocated towards providing more
service on Saturdays and Sundays, particularly in neighbourhoods with
branches that have limited hours (e.g., see Figs. 3 and 4).

One direction for future work would be to further analyze access
with respect to socio-economic status, given that individuals of lower
socio-economic status are more vulnerable to transportation barriers
(Lucas, 2012). However, detailed survey data would be required to
examine to what extent specific groups (e.g., low-income households,

the elderly, etc.) are more likely to be reliant on certain modes or more
likely to travel at certain times of day, in order to parse out any mis-
match between travel behaviour and inaccessibility. Such analysis
would have the potential of being able to help allocate often scarce
funds more directly towards where they would have the most benefit in
reducing travel barriers to public libraries.

Similarly, a shortcoming of this study, as well as most other studies
on access to libraries, is that access is generalized for all people living in
an area. For the case study in Regina, these areas typically represent a
few city blocks ranging from 400 to 700 people in total. However, each
person living in these areas most likely has different individual time
constraints. They might work long hours, need to pick up family from

Fig. 4. Comparing spatial access to public libraries by transit for different times of day.
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school, or participate in a range of other daily activities, all of which
could limit the time period they may have to visit libraries. On the other
hand, in some cases individual activity patterns and travel behaviour
could also provide greater accessibility than indicated in a home-based
study. For example, a library could be situated between work and home
locations, allowing easy ability to visit on the way home from work.
Park (2012b) found that only 20% of trips to libraries were to and from
home, while the remainder were chained with other activities. More-
over, access can vary depending on how much time someone requires to
visit a library (i.e., different inputs for δν in Eq. 3). Future work should
explore access to libraries from the range of activity locations people
visit during the day as well as differences in individual preferences.
Doing so would require more detailed travel surveys which specifically
include trips to libraries in relation to other types of daily activities
(e.g., work, school, shopping).

As well, this study does not consider any individual behaviour re-
lated to whether people chose to visit or not to visit certain libraries
based on their content. Some individuals may prefer travelling to spe-
cific libraries, even if they are further, because of specific services or
programs that they offer, larger or more specific collections, or more
comfortable design and atmosphere (Koontz, 1997; Park, 2012a). Pre-
vious studies have attempted to account for some of these factors by
weighting libraries in accessibility studies by the number of books at a
branch (Vodeb & Vodeb, 2015) or by available digital services (Higgs
et al., 2013). Another direction for future work is therefore to combine
the analysis of spatial access by time and travel mode presented in this
paper with weighting libraries by their content or other factors.

7. Conclusion

The ability to travel to public libraries and use their resources and
services is partly dependent on one's proximity to them (Palmer, 1981;
Park, 2012b). Proximity, however, is not as simple as the distance on a
map, it can vary substantially by time of day, day of the week, and by
available travel mode. These dimensions can result in considerable
differences in terms of the who, where, and when of spatial access to
public libraries. Given the importance of measuring spatial access to
public libraries to plan for more equitable service delivery (Adkins &
Sturges, 2004; Ottensmann, 1994), it is critical that future research
consider temporal and modal variations in proximity in order to pro-
vide enhanced evidence for reducing the factors that limit people from
visiting public libraries.
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