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 The visual traffic sweeps (VTS) approach combines traditional observational methods for assessing library space
with geographic information system (GIS) visualization techniques. This unique approach to spatial analysis
can be used across library and information settings (or in other spaces with large amounts of human traffic) to
map patterns in user behavior. Results of the visual analyses can be triangulated with other methods
(e.g., questionnaires or interviews) to better inform library policy and space planning decisions. Findings from
a study that used VTS in the business library of a large, urban university illustrate the potential application of
this technique across library settings. Specific findings (e.g., patrons' preferences for certain spaces for laptop
use, despite the library reserving other space for laptops) demonstrate the power of visualization techniques
for analyzing results in ways that are not possible with standard statistical analysis approaches. In addition, the
visual maps that result from the analysis process are useful for the presentation of visual data in conference
presentations and/or to library stakeholders. Overall, this approach provides evidence for space planning
decisions that are grounded in users' real activities within the library space.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

In the last two decades, librarians, scholars, and the public have de-
bated the library's future, particularly given changes in technology and
in users' information needs (Bennett, 2007; Engel & Antell, 2004;
Hufford, 2013; Montgomery, 2014; Raju, 2014; Shill & Tonner, 2003).
As access to digital resources and services increased, some writers
questioned the need for the physical library, while others believed
that modern upgrades could augment the traditional library as “place”
(e.g., Buschman & Leckie, 2007; Campbell, 2006; Council on Library
and Information Resources, 2005; Cunningham & Tabur, 2012; Donkai,
Toshimori, & Mizoue, 2011). In balancing the ongoing need for new
and different resources and technologies, librariesmustmake structural
changes to suit patron activities (e.g., rewiring for laptop use; providing
rooms for groupwork) in spaces designed, originally, for physical, book-
oriented collections. Libraries need valid data to inform thoughtful and
well-planned manipulation of space.
n for Library and Information
Understanding patrons' use of spaces is vital for appropriate plan-
ning, as users of libraries will “seek spaces that balance the need to
find, to reflect and to absorb” (McKinstry, 2004, p. 128) while in the
library. Unfortunately, renovations are often based primarily on design
guidelines (e.g., Bazillion & Braun, 2001; Leighton & Weber, 1999;
McDonald, 2006; Staines, 2011), rather than on local research results.
Where patrons' needs inform space planning, this may be based only
on informal observations of the patrons' behaviors or only using one
formal measure of user preferences (e.g., a quantitative survey); rarely
do studies involve multiple techniques to gain a holistic picture of
user behavior.

The demands of new technologies and evolving styles of information
engagement make re-configuring library spaces quite complex. Stu-
dentsmay study, read, and search for materials, but they also use librar-
ies for social gatherings and for group learning (see Haddow, 2013;
Powell, 2002; Shill & Tonner, 2003; Soria, 2013; Soria, Fransen, &
Nackerud, 2014). In assessing spaces, librarians and scholars have not
made adequate use of visual research methods, which are often used
by architects, urban planners and other designers. The exploration of
patrons' use of space is vital for (re)designing modern libraries to suit
users' ways of working. This paper presents one method (visual traffic
sweeps) that integrates visualization with traditional observational
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methods used to assess users' needs within the library. The focus of the
paper is on the presentation and application of the method; however,
selected results of a large study that used this approach (Simpson,
2007) are presented to illustrate the potential value of this method.

1.1. Visual traffic sweeps: a brief overview

Visualization techniques allow researchers and librarians to
better understand the ecology of the modern library. Interviews,
questionnaires, and other user-focused methods can provide data on
users' information needs, and observational methods document
patrons' activities. However, visualization techniques also allow scholars
and practitioners to gain a complete picture of patrons' activities by track-
ing how people move in the space and use furnishings, and how they
interact with one another while engaged in information seeking.

The visual traffic sweeps (VTS) approach is one viable tool for
assessing and designing library space to suit modern needs. To enable
visualization of occupied spaces, spatial data (gathered through system-
atic ‘seating sweeps’ observations) are combined with geographic
information system (GIS) technology to analyze data visually for a clear
understanding of library usage at the local level. The results can be
used in conjunction with other user-based methods (e.g., interviews or
questionnaires) and alongside published space design guidelines, so
that librarians can make decisions informed by evidence gathered from
local users.

2. Space planning in the library context

Understanding users' preferences for library facilities (and
redesigning to suit these needs) is key to effective space planning. In
the last decade, libraries have altered some policies to suit patrons'
needs (e.g., allowing food and drink) and have introduced comfortable
furniture, multimedia instruction rooms, gaming spaces, group study
areas, and so on. The goal is often to design areas for reading, browsing,
reference and other activities that cater to diverse user needs; published
guidelines address this type of multi-purpose design. In the UK, for
example, Jisc (2014) has produced an information kit on the design of
learning spaces that are “open, inviting and stimulating spaces” that
address users' needs. Covert-Vail and Collard (2012) highlight the
need for redesigned academic library spaces given the “growing need
for collaboration — particularly across disciplines” (p. 5) in graduate
students' research activities. These guides are consistent with earlier
studies in the field, which called for varied designs to support learners'
diverse information activities. Leighton andWeber (1999), for example,
discussed the need to plan for a mix of stacks, seating, floor areas, and
computer terminals; among these, they noted that seating for readers
and related services (e.g., reference) was the largest area in most librar-
ies. In academic libraries, they noted the maximum allowable space for
tables of four or more patrons (up to 20%) and for lounge chairs (up to
15%), while noting that individual seating could comprise up to 85% of
available space (Leighton &Weber, 1999, p. 723). These types of guide-
lines should not be used in isolation; rather, decisions should always be
grounded in user-focused data gathered at the local level.

2.1. Understanding and responding to patrons' needs for varied space use

Recent studies of patron behavior in public libraries demonstrate the
continuing need for traditional uses of space (e.g., reading or writing)
alongside new technology. Mandel's (2013) research notes, for
example, “despite the increasing shift toward digital services, the
[physical] facility remains crucial to the daily operation of the public
library” (p. 270). Similarly, Aabø and Audunson (2012) found that
public library users' activities were “complex,” with the library serving
as “an extension of the school or work place” (p. 148). Research by
May and Black (2010) and Most (2009) also point to the complexity
of users' behaviors in the public library environment. These research
findings are consistent with earlier studies that found patrons engaging
in reading, writing, and other traditional information behaviors in
the public library, alongside the use of digital resources. Leckie and
Hopkins (2002), for example, observed that 50–60% of patrons were
involved in reading activities while located at worktables or study
carrels (p. 21). McKechnie et al. (2004) found that worktables were
heavily (and almost exclusively) used for reading andwriting activities.

Space preferences are affected by many factors including quality of
sound and light, density of occupancy, degree of familiarity between
users, cultural practices, variance of personalities, and nature of the
reading material (Leighton & Weber, 1999, p. 221). Research shows
that some readers prefer noisy environments, while others want quiet,
private areas (Given, 2007; Powell, 2002). Leckie and Hopkins (2002)
discovered that 12% of public library patrons complained others were
“too noisy” (p. 346) and thus disruptive. These types of studies are
vital for ensuring that space planning is informed by user-driven
evidence of patron needs.

2.2. The academic library: one example of the evolving nature of
physical space

To meet the demands of today's users, academic libraries are
developing new models for providing access to electronic resources
and assisting individuals with their information needs. In academic
libraries one model of integrated physical space is the information
(or knowledge) commons, which combines technology and reference
services in a central library location (Dale, Beard, & Holland, 2011;
MacWhinnie, 2003; Matthews & Walton, 2013; Xia, 2005). Often, the
information commons includes hi-tech classrooms and group study
spaces designed for collaborative learning. Education research explores
the design of these spaces and implications for student learning, with
results applicable to library design. Long and Ehrmann (2005), for
example, discuss the inadequacies of traditional classroom spaces in
the face of new technologies. Johnson and Lomas (2005) highlight
links between learning theories and the design of university campus
spaces. Indeed, Forrest and Hinchcliffe (2005) state that librarians
must “get off the grid” by eliminating typical rectilinear configurations
shaped by rows of bookshelves in favor offlexible,moveable furnishings
(p. 297). Similarly, Given (2007) describes a shift in the perceived
culture of the library, from a place where students are “shushed” to a
place flexible enough to suit students' diverse needs (p. 184). Her re-
search notes the importance of spaces for group work and discussion,
requiring comfortable spaces “filled with bright, natural light” (p. 180)
and other factors conducive to on-campus study. These findings are
also echoed in May and Swabey's (2012) study of students' use of
academic library spaces.

For more than a decade, librarians have also noted a continuing rise
in the use of laptops and other portable devices, making it increasingly
important for libraries to provide wireless access in general seating
areas (Bazillion & Braun, 2001; Shill & Tonner, 2003). The shift to per-
sonal computing has also increased calls to change lighting and provide
more power outlets. However, there is controversy over how best to ac-
commodate laptop userswhile providing spaces for traditional activities
(Xia, 2005). Thomas (2000) notes that planners must provide as much
flexibility as possible for readers and technology users in order to ac-
commodate a variety of space types and interactions; the ideal design
should allow for the coexistence of the physical and virtual library,
with spaces that reflect “what really happens in the library” (p. 415).

3. Planning library space: traditional approaches and guidelines

Space planning often involves counting seating capacity or calculating
average personal occupancy during peak periods. Library associations
also publish guidelines for quantifying space use. For example, the
Association of College & Research Libraries (ACRL), 1995 “Standards for
College Libraries” includes formulas for space requirements based on
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student enrolment. Although ACRL's (2011) “Standards for Libraries in
Higher Education” provides a number of performance indicators to mea-
sure the importance of library space, there is little guidance provided for
data collection strategies related to these indicators. Further, guidelines
for small or specialized libraries are typically not found in the published
literature, leaving librarians to modify general guidelines to suit local
needs. Ramsay (2002) argues that the formulas used by academic librar-
ies are deficient in several respects, as they do not provide sufficient read-
ing spacewhen equipment is used to access information (e.g., computers,
laptops, or microfiche readers). These technologies have always raised
issues related to noise and lighting, which can be distracting to some
users. In other cases, spaces designed for fixed computing may not
meet users' personal equipment needs (e.g., cellphones); for example,
library lighting guidelines often do not specify guidelines for laptop
users or provide only minor suggestions for buffering new noises
(see Leighton & Weber, 1999; Malman, 2005). It is important to use a
range of methods to assess patrons' use of (and satisfaction with) spaces,
alongside the use of design guidelines.

Technological change has altered patrons' expectations of library
spaces and services, while flexibility of spaces was often omitted in
the original designs. Jones (2003), a library building consultant, noted
more than a decade ago that librariesmust plan for flexibility to support
new configurations and technologies in the future; this concern remains
valid today, particularly given the rise in portable devices such as tablets
and smartphones. To that end, new methods for assessing physical
space use are also required so librarians, architects and interior de-
signers can create effective spaces that best suit users' needs. This
study presents one new researchmethod designed to provide evidence
for effective space planning; by understanding how individuals use the
library, designers can make short and long-term changes to library
spaces to best meet patrons' needs.
4. Using spatial analysis methods for assessing and designing
library space

Spatial analysis is used in many disciplines to assess human behav-
ior, through locational inventories andmapping, cognitive or perceptual
mapping, and activity tracking or spatial observations (Cromley, 1999;
Given & Leckie, 2003; Mandel, 2010). Given and Leckie (2003) describe
how individuals use social activity spaces that are both private and
public, and which can be confined (e.g., in private, such as a house) or
quite open (e.g., in public, such as a city neighborhood). Observational
methods are used to develop maps of people's movements within a
space. One approach used by psychologists, sociologists, and architects
is “room geography” (Jakle, Brunn, & Roseman, 1976), where mapping
examines how individuals distribute themselves across a space. This
technique has been used to study personal boundaries. For example,
individuals searching for a place to sit in a library will first try to find
an empty table, sitting as far away as possible from other occupants,
which creates a certain amount of personal space and privacy
(McKechnie et al., 2004). This phenomenon has also been observed in
people sitting on public benches, or in public transportation such as bus-
ses or trains (Given & Leckie, 2003). Another technique is wayfinding,
(Passini, 1981), which examines the ways that patrons orient to,
and navigate around, built public spaces. Mandel (2010, 2013) has
used wayfinding to explore how individuals move within the public
library space, with a particular focus on signage and other key physical
markers.

To properly and efficiently manage library space, librarians need
tools that allow for detailed understanding of various options for
arranging stacks, reading areas, and workstations. For decades, changes
in library spaces have often involved trial and error or sketching
out floor plans and using small cut-to-scale paper models fitted on
blueprints (Fuller & Post, 1991; Xia, 2004a,b). By reassembling library
elements on sketches, a space plan can be made; however, such
techniques are tedious, clumsy and cannot easily integrate evidence
on patrons' space use.

When evidence-based planning is implemented, librarians often in-
vestigate users' needs through interviews and questionnaires or employ
observation to analyze the use of facilities. These data, which are usually
summarized by statistical or textual analysis, form the basis for many
librarians' decisions about space considerations. For example, Potthoff,
Weis, Montanelli, and Murbach (2000) followed a role repertory grid
procedure to collect data on patrons' perceptions of library space.
Given and Leckie (2003) discuss the time–space mapping method,
where individuals are followed through library spaces and their activi-
ties mapped over the course of a day or week. This latter approach can
provide librarians with data on which areas of the library are heavily
used, which pieces of furniture obstruct people's movements through
space, where to place information technologies, why certain areas are
preferred by patrons for reading and studying, and which areas the li-
brary should designate for “quiet”work. However, although potentially
very useful, this method is labor-intensive and possible only with small
samples (Given& Leckie, 2003, p. 383). Although some computer-based
techniques (such as GIS visualization) can also take time, particularly on
first use, the benefits—particularly for data comparisons over time—can
outweigh the initial time investment in the long term.

Although computerized space management is used by some public
libraries, most academic libraries do not use this in daily operations
(Xia, 2004b). The benefits of computerized models are outlined by
Bazillion and Braun (2001), who note that floor plans can be modified
to account for changes, which is beneficial for long-term planning. The
use of computerized models of facilities makes instant simulation of
space change possible, resulting in a less time-consuming and more
precise planning process (Fuller & Post, 1991).

Computer-aided design (CAD) is also used in some libraries. CAD can
create three-dimensional views of objects, enabling people to experi-
ence the space in which they will work (Bazillion & Braun, 2001; Xia,
2004b). Michigan State University, for example, has implemented a
CAD system to aid in library space management (Haka & Hensley,
2003); this allows librarians to measure facilities use so that space
allocation decisions can be assessed. Unfortunately, these systems do
not allow for integration of data gathered on users' activities. A method
that combines computer modelingwith evidence-based approaches for
library planning is a useful innovation for facilities planning. The VTS
approach allows for such integration by combining observational
methods with GIS visualization techniques.

4.1. Geographic information systems and data visualization: a brief
overview

Geographic information system (GIS) approaches provide for the
input, storage, retrieval, manipulation, analysis, and output of geo-
graphic data (Ottensmann, 1997, p. 26). Knigge and Cope (2006) note
that GIS facilitates an iterative analysis process to identify themes,
raise questions, and build theories. Overall, visualization techniques
allow users to explore, interpret, and integrate data to provide rich
and flexible media for data exploration. Geographic data refer not only
to the physical features found on a map (e.g., a city boundary), but
also to non-spatial attributes of those features (e.g., the population of
that city). A powerful capability of GIS is to produce a variety of maps
for different purposes; however, GIS also allows researchers tomanipu-
late and analyze spatial and attribute data to produce new information.
GIS can be used, for example, to identify the best location within a city
(given neighborhood demographics) for a new public library.

In urban planning, Kong and Nakagoshi (2006) used GIS to view
changes in green space usage patterns in China's urban centers. In
library and information studies, MacDonald and Black (2000) used GIS
to analyze the history of the book. In a study linking environmental
studies, geography, and justice, Pain, MacFarlane, and Turner (2006)
used GIS to identify locations in need of street lighting by using hotspot
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maps and lighting coverage maps to analyze areas where crime and
lighting were linked.

In general, visualizationmethods have generatedways for exploring
data that were never before possible. According to Kwan (2000), GIS
and visualization techniques can facilitate the exploratory analysis of
spatial data, so researchers can overcome traditional limitations of stud-
ies of human spatial behavior. Granados (2003) used GIS visualization
to map out the enrollment of students at universities, making “many
spatial patterns…easier to identify and understand” (p. 25); previously,
researchers relied heavily on only tables and graphs to analyze data.

Overall, few studies in library and information studies have made
use of GIS techniques. Studies have been conducted, for example, to ex-
amine library service areas (e.g., placement in cities) and for collection
management decisions. Bishop and Mandel (2010) and Michalec and
Welsh (2007) present comprehensive overviews of published research
in the field. Examples of previously published studies include Koontz's
(2005) project where GIS was used to identify characteristics of library
branch market areas, enabling branches to plan services and facilities.
Preiser andWang (2006) used GIS to create a master plan for the Public
Library of Cincinnati and Hamilton County using visual rankings of
library performance. GIS software (e.g., Library Decision) can associate
library statistical data with community geographic data to display user
patterns visually; this type of analysis is useful for service planning
or to identify where a library is needed; it can also provide a more
complete understanding of the user population (Dorman, 2002).

Johnston and Bishop (2011) make the call for school librarians to
consider the use of GIS in considering the school library as “place”. Sim-
ilarly, Xia's (2005) paper proposed GIS as a tool for analyzing potential
changes to the interiors of libraries. To date, Xia's work, the research
conducted by Mandel (2010, 2013), and the findings of the study
reported in this paper (from Simpson, 2007) are the only projects to
make use of GIS techniques inside the library space.Mandel's (2013) re-
sults present interesting findings related to the ways that individuals
use signage, as well as the pathways users take when navigating the
library space. Xia (2004a) used GIS to monitor books pulled off
the shelves and discarded in the library space by users, and then
re-shelved. The findings showed that collection adjustments could be
made, especially where books were seldom pulled by users. Xia
(2004c) also used GIS to draw objects (such as chairs, and tables) on
maps and look for changes in usage patterns. Xia (2005) also conducted
an experiment using GIS, which mapped the observed occupancy of
study areas to evaluate the efficiency of library resource use. According
to Xia (2004b), the advantages of GIS technology are that:

• GIS can perform spatial analysis, allowing for easy measurement of
library space use;

• A GIS database can store data related to each object (e.g., a carrel) and
link those data to the visual presentation of the object;

• GIS allows for management at a detailed level (e.g., a room, or a chair
in that room);

• Floor plans and design sketches can be navigated easily, printed and
used for presentations to stakeholders; and,

• System development costs are low, especially in academic contexts
which often have licenses for GIS software (p. 378).

As information on library space (including occupancy) is geospatial
in nature (i.e., dealing with physical locations and the place of people
in those locations), library design is ideally suited to these methods.
GIS maps can provide visual evidence of high and low use, which is
highly beneficial for space planning. By creating visual maps to better
design areas in libraries, GIS is an ideal tool for providing the evidence
needed to influence decision makers on required changes.

Unfortunately, Xia's method was quite time-consuming, as informa-
tion was collected at three levels: the floor level (the total study area),
the segment level (the number and type of study facilities), and the
facility level (such as carrels, and chairs). Xia's study only included a
small portion of the total library area and this technique was not trian-
gulated with other methods. Mandel's (2013) project combined inter-
views, content analysis, unobtrusive observation, expert reviews, and
other techniques, to present a very rich approach to the use of GIS to
examine library space. By combining GIS with another, established
method for gathering observational data in library settings (i.e., Given
& Leckie's, 2003 seating sweeps approach), the VTS technique outlined
here provides librarians and researchers with a method for visually
analyzing larger amounts of observed data, gathered in a more efficient
manner.

5. Visual traffic sweeps: a new approach for unobtrusive observation

Many researchers have used unobtrusive observational methods to
explore how people use library spaces (e.g., Leckie & Hopkins, 2002;
Mandel, 2013; McKechnie et al., 2004). Although individuals may
describe particular activities or express concerns on a written question-
naire (e.g., saying that the library is “always busy”), observing behaviors
provides concrete evidence of real patron activities. The seating sweeps
method, developed by Given and Leckie (2003), is one unobtrusive
technique for assessing library spaces; this tool allows researchers and
librarians to gather data on what patrons are actually doing within a
library space. It has been used by a number of scholars, worldwide,
since its inception (e.g., Hoivik, 2008; May & Black, 2010; Silver,
2007). Seating sweeps can show the diversity of patron behaviors and
activities in libraries, which may accord or conflict with the library's
established policies; this evidence can be used to support changes in
design or policy decisions (Given & Leckie, 2003). One limitation of
this technique is that the data are typically analyzed in table form,
making it difficult for library planners to see various hot spots of activity
within the library space. Although Given and Leckie (2003) do note that
spatial analysis is useful “for mapping the physical layout of libraries, to
examineways that peoplemake use of that space” (p. 366), neither they
nor other scholars make use of this in their analysis.

This study presents a new technique that addresses this gap in the
methodological literature, by using GIS technology to map patron data
gathered using the sweeps approach. By extending Given and Leckie's
(2003) work, and by analyzing the data visually, librarians can more
quickly assess areas of concern within a library space. The end
result—VTS—is a unique research tool for spatial analysis that can be
used across library and information settings (or in other spaces that
have large amounts of human traffic) to map patterns in user behavior
that can inform future policy and planning decisions. Findings from
one study (conducted in the business library of a large, urban university),
which used this approach in conjunction with other methods, are
provided in the sections that follow, to illustrate the application of this
technique (see Simpson, 2007 for the complete findings of this study).

5.1. Observational sweeps: using a handheld device for data collection

Given and Leckie (2003) provide instructions for gathering data
using their seating sweeps technique. Data are gathered during
timed walks (or sweeps) through the space; a print checklist of areas
(e.g., worktable or circulation desk) documents users' activities, as
well as possessions, and demographics. Data are presented in table
form and analyzed for patterns. Given (2007) has used this same
technique to study student use of campus spaces; she used a personal
digital assistant (PDA) to gather checklist data, which allowed for
more efficient analysis by using the PDA's spreadsheet.

In the present study, a handheld device was also used for collecting
data using the VTS technique. This technique can also be adapted for use
on tablets, smartphones, or other devices that allow for data collection
using spreadsheets that can be exported to Excel. The first step of this
method involves the creation of Excel spreadsheets representing
different times and dates for data collection; Given and Leckie's
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(2003) coding worksheet served as a model (e.g., WT denotes a
worktable), modified only slightly for the local library environment. A
unique filename is assigned to each day/time session. A small map of
the library was uploaded for easy reference to codes and locations
namedon the checklist. Different locations in a librarywere coded in ad-
vance (e.g., area A = circulation desk, or area G = work tables on first
floor). Each spreadsheet row represents one individual occupying an
area; the presence of possessions or the activities for each person are
coded numerically (i.e., 1 = yes) in the spreadsheet, where columns
denote specific activities or possessions. The number of data collection
sessions will vary depending on the research questions. Here, data
were gathered a few times a week for 3 months to account for changes
in the academic term. Data were exported to Excel on a computer and
then analyzed using GIS software.

5.2. Observational sweeps: pre-testing and techniques

Pre-testing is an important next step in the process. The data collec-
tion spreadsheets are created prior to formal data collection to run a
pilot of the sweeps and ensure that all categories of activities, posses-
sions, and locations are appropriate. In the full study (Simpson, 2007),
pretesting was done during the initial data collection phases, including
a thorough review of all categories defined for each location; this
ensured a comprehensive approach across all data categories, prior to
full data collection. One tip for capturing this type of data is to work
from the same cardinal direction in each session (i.e., starting north
and moving clockwise). This is key to ensuring that occupancy is
documented reliably, so that it is clear during the GIS analysis which
area a patron occupied during a particular observational session.

5.3. Manipulation of spreadsheet data

After the sweeps are complete, the Excel spreadsheets are cleaned
up to be easily imported into the GIS. First, these Excel files must be
saved as database files (i.e., in CSV format). Manipulation may include
adding 0 (i.e., 0 = no) to any cells where occupancy was not observed
(e.g., to denote that no onewas standing at the photocopier). This is im-
portant, as understanding places of heavy or light usage can help library
planners in design. Other changes to the spreadsheet might include
adding an “occupied” column to record the rate of occupancy of each
area (or each carrel/table/chair) at designated intervals. Identification
numbers for locations corresponding to those on library map can be
made to match the images that are later created in GIS. These processes
enable the sweeps information to be linked to the visual areas on the
map.
Fig. 1. Total possessions of library patron
After being manipulated, Excel sweeps files must be imported into
the GIS software to run queries and visualize the data, producing results
that could not be achieved through a spreadsheet or statistical program
alone. Spaces are presented in map form to show the floor plans and
furniture layouts. An initial map can be created from paper versions,
however a to-scale representation is important to use for accurate visu-
alization. Paper plans can be scanned and then touched upusing a draw-
ing program; in some cases, floor plans may need to be manipulated to
reflect the current state of the space (e.g., if new furnishings have been
added recently). The new map is imported as a bitmap file (bmp) into
the GIS software.

For this project ArcGIS was used, as it provides software products
that create, edit, import, map, query, analyze, display and publish
geographic information (Environmental Systems Research Institute
(ESRI) (ESRI), 2009). ArcGIS software is used in earth and atmospheric
sciences, agriculture, forestry, biology, and other fields. Some training
in ArcGIS or other GIS software is important for successful visualization
of observational data as described in this article.

After importing the bit map into ArcGIS, the software is used to
create overlay polygon shape files, which imitate the library areas
corresponding to the data collected in the sweeps. Polygons are areas
that are fully encompassed by a series of connected lines, and are linked
to the observational data (e.g., the polygon of one chair is linked to its
occupancy). Segments must be drawn as polygons to imitate their actu-
al shape (e.g., the polygon of aworktable is created in a rectangular form
to match the scale of the library). Additional polygons can be created to
imitate seating, circulation desks, computer terminals, stacks and other
locations users may inhabit. The floor map provides an overall look of
the space, while the data can be linked to the shapes of the areas to
provide activity information in those spaces. In the sections that follow,
examples of these maps are provided using real data from the study.

Queries can be run to produce maps of different activities. These
queries can be any number of combinations involving the activities or
possessions data gathered in the sweeps. Querying can correspond to
specific, user-related research questions (e.g., “How many people used
laptops at open worktables compared to carrels specifically reserved
for laptop use?”). The visual presentation of objects can bedistinguished
by the use of colors to show higher values (e.g., high occupancy of peo-
ple over the semester using a laptop in a particular seat is shown in a
dark color); similarly, clustering of shapes on the map can be done
(e.g., large numbers of patrons talking in a particular area throughout
the semester can be shown by large circles). ArcGIS provides tools for
color coding and options such as legends, scale measurements, and
other visuals to help the researcher view and understand the meaning
of the data being displayed. Completedmaps resulting from the analysis
s observed throughout the semester.



Fig. 2. Total activities of library patrons observed throughout the semester.
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can be exported as PDFs or JPEGs,which can be used in publications. The
usefulness of visualization of observational data (including spatial
analysis and presentation), and the low cost, makes this technology
desirable for library projects.
6. Results of GIS visualization: a brief discussion of select examples

In this study, datawere collected and analyzed to produce results re-
lating to demographics, patron possessions, and activities. Possessions
were objects or other things that patrons had with them (e.g., books,
paper, coats, bags, laptops, and food/drink). For example, the data
showed that 25% of patrons were seen with a laptop during the study
period (see Fig. 1).

Some library patronswere engaged in reading andwriting activities;
however, a large number of patrons also engaged in use of digital
resources. Indeed, the high use of electronic resources (e.g., computers
and laptops) was in stark contrast to the number of patrons physically
searching for paper resources in the library (Fig. 2). The lack of use of
the physical collection is a key point, given that the print collection
comprised a large amount of space.
Fig. 3.Mapof areas in the librarywhere patronswere observed reading andwriting. The darker
occurring throughout the semester. The areas are shown in densities (out of the total number
In addition to high computer and laptop use, a large number of li-
brary patrons were observed to be talking. This is in line with findings
of other scholars who have recognized the need to provide areas for
quiet reading and studying, as well as discussion (Given, 2007; Shill &
Tonner, 2003).

6.1. GIS visualization of observational sweeps

The GIS analysis visualized where activities took place and showed
how they were affecting library design. Through VTS, a better under-
standing of some of themajor issues and activities occurring in a library
can be demonstrated (e.g., the existence of quiet versus noisy spaces,
places where people are eating, and areas where people are using
laptops). Thesefindingsmay also guideother libraries to design efficient
and useful areas for patron use.

6.2. Visualizing areas of use of library spaces: reading and writing

In many areas, patrons engaged in reading and writing activities
(Fig. 3). The carrels were most heavily used for these activities, as
were areas near the worktables on the first floor. Areas of low use
areaswith the largest circles arewhere the heaviest areas of total reading andwritingwere
of occupants that were in that area).



Fig. 4.Map of areas in librarywhere patronswere observed talking. Thedarker areas arewhere the heaviest areas of total reading andwritingwere occurring throughout the semester. The
areas are shown in densities (out of the total number of occupants that were in that area).
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were found in the group study rooms, at computers, by photocopiers,
and in carrels prioritized for laptop use. Few patrons read in active
areas (e.g., near the circulation desk).

The VTS also showed hotspots of non-traditional use (e.g., eating, or
sleeping). Often, libraries have not allowed eating and drinking due to
possible damage or because of noise and smells. In this particular li-
brary, patrons were observed with food and drink in many areas; the
maps created through theVTS showed areaswhere this practicewas oc-
curring regularly. Patrons were also observed sleeping in many seats
(particularly in carrels).

6.3. Visualizing areas of use of library spaces: patrons talking

Although the main floor was intended for quiet study, there was
much talking observed during the sweeps. The balance between quiet
and noisy areas in library planning has been highlighted in the literature
(Given, 2007). As shown in Fig. 4, talking patrons can be found in areas
throughout the library. However, when compared to Fig. 3, some
Fig. 5.Map of areas of laptop use throughout the semester. Total number
areas where the highest amount of talking took place are right next to
areas with people working quietly (e.g., Zone F, study carrels next to
worktables). In fact, areas with a high number of patrons reading and
writing were only found outside of the areas where talking was occur-
ring, showing that those areas (e.g., theworktables)were areas avoided
by those wishing to engage in reading and writing activities.

6.4. Areas of talking/discussion: group study rooms, photocopiers and
printers, worktables

Talking also occurred in areas where this might be expected, such as
group rooms; these are used mainly for group study and meetings and
were occupied frequently during the observational period. Another
heavy zone (as outlined on the GIS maps) was near the photocopiers
and printers, where library patrons would talk while waiting for their
documents to copy or print. Indeed, librarians and patrons alike noted
that oneof the problems in this librarywas thenumber of people talking
on the first floor, which is intended as a quiet area. The highest levels of
s of patrons using laptops during the semester studied are included.



Fig. 6.Map of areas where students were observed running cables across walkway.
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talking in this areawere almost entirely at theworktables in themiddle
of the first floor (see Fig. 4, area G). Unfortunately, the small size of this
librarymeant that talking patronswere near those whowere reading in
carrels. The librarians were trying to solve this problem to enable
efficient and useful work areas while providing a quiet/conversation
balance in the spaces to suit all the needs of the patrons. Through the
maps produced using the VTS method, areas were able to be clearly
identified where problems such as talking may be causing issues for
library patrons.

6.5. Visualizing the areas of laptop use

Laptop users require power outlets, wireless networks, and
additional lighting. This library tried to satisfy these needs by offering
wireless access and providing dedicated carrels (with power and
small lights) for laptop use. However, laptop users flocked to other
areas of the library, including those where their special needs could
not bemet. Fig. 5 shows a number of areas with high numbers of laptop
users. One of these areas is the group study room on the second floor
(see area P), where students would often use their laptops while
doing group work.

Where laptop users did use laptop priority areas (i.e., the first two
rows of study carrels; see area F), they only did so on the end of the
rows of carrels. It is possible that users felt more comfortable in the
end carrels where they had more room to stretch out. Overall, some of
busiest areas of laptop use were at worktables. Patrons were observed
using laptops at worktables, with books, cellphones, and bags spread
out around them. Although power outlets were in all study carrels on
the first floor, patrons often chose tables where they had more space
and ran power cables across the aisle (Fig. 6). One of the researchers
evenwitnessed one individual who tripped and fell on thewires during
data collection at noon hour. In this case, the practice of patrons running
wires across the walkway could prove to be quite dangerous to other
library patrons.

7. Conclusion

Patron uses of space for eating, reading, talking and laptop use in this
library reflect major issues in space planning in today's libraries.
By using the VTS approach it is possible to better understand the habits
of users in libraries. These visualizations can help library planners to
improve spaces and better understand problem areas (e.g., areas of con-
gestion or tripping hazards). VTS extends traditional observational
methods by using GIS visualization techniques. This unique approach
can be used across library and information settings (or in other spaces
with large amounts of human traffic) to map patterns in user behavior.
Results can be triangulated with other methods (e.g., questionnaires or
interviews) to inform library policy and design decisions. Specific find-
ings presented here (such as patrons' preferences for particular spaces
for laptop use, despite the library reserving other dedicated space for
laptops) demonstrate the power of visualization for analyzing results
in ways not possible with standard statistical analysis. By applying a vi-
sualization technique, evidence-based design decisions, such as chang-
ing the layout of furniture or renovating spaces to provide in-desk
power for portable devices, can inform librarians and administrators'
decisions to implement change. The visual maps that result from the
type of investigation can be useful for the presentation of visual data
in conference presentations and to stakeholders, including those in
decision-making roles around the design of library space. Overall, this
approach provides evidence for planning decisions grounded in users'
real activities within the library.
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