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Abstract
This article presents a methodological model for the study of the space-time patterns of everyday life. The
framework utilizes a wide range of qualitative and quantitative sources to create two environmental
stages, social and built, which place and contextualize the daily mobilities of individuals as they traverse
urban environments. Additionally, this study outlines a procedure to fully integrate narrative sources in a
GIS. By placing qualitative sources, such as narratives, within a stage-based GIS, researchers can begin to
tell rich spatial stories about the lived experiences of segregation, social interaction, and environmental
exposure. The article concludes with a case study utilizing the diary of a postal clerk to outline the wide
applicability of this model for space-time GIS research.

1 Introduction

Set design is an important consideration for any play, movie, or theatrical endeavor. Visual
imagery is critical to capturing the audience’s attention and placing them within the scene
created for them. A well designed set allows an audience to apprehend important contextual
clues about the world-view being presented. If a film-maker were telling the story of the First
World War’s Battle of Polygon Wood, the backdrop would include a vivid recreation of the
fallen woodlot with its miles of trenches and mud, not the modern four-lane A19 motorway
that traverses much of the former Ypres Salient.

As geographers, we find it important to tell not only where an event occurs, but how the
space in which a geographical phenomenon operates can influence outcomes. We need an
understanding of the environment in which an activity, event, or phenomenon occurs. In geo-
graphical research, the environment may be social, physical, or ecological, and often is a com-
bination of these.

Human geographers find it fundamental to have an understanding of the social environ-
ment; be it sociological, economic, or political. We often begin by creating a profile of the
demographic characteristics and composition of the population we are studying. The demo-
graphic profile typically includes a combination of variables extracted from a census sample or
similar survey that represents the nocturnal population. To adhere to the demands of research
ethics, these samples are traditionally aggregated to arbitrary geographies such as census
tracts.

However, neither environments nor actors are static. Environments are created and con-
tinually modified, both physically and socially, by the actors who use them. Actors are mobile,
not only residentially mobile, but continuously mobile as they move through their daily lives.
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These daily time-space patterns have provided countless lines of enquiry for geographers over
the past half-century, with topics ranging from racial and ethnic segregation to labor markets,
and from health outcomes to community cohesion.

Kwan (2013) has recently argued that we need to expand our analytical focus from the
static residential spaces captured in census-based studies to other places and times in people’s
daily lives. She suggests that a deeper understanding of a population’s spatio-temporal experi-
ences could be established if we study “where and when people work, eat, play, shop, and
socialize” (Kwan 2013, p.6). Congruent with her theoretical framework, this article will
outline a methodological framework to study the space-time patterns of everyday life using a
wide range of qualitative and quantitative sources.

We argue in this article that when studying the spatio-temporal patterns of individuals, a
stage must first be set in which to place and contextualize the space-time paths and social
interactions. This means going beyond merely putting one layer of space-time data atop
another, or placing the paths against a backdrop such as Google Earth, as these common
approaches decontextualize the data. Instead, we argue that space-time data should be
contextualized on a set of rich environmental stages constructed using a wide range of qualita-
tive and quantitative sources such as temporally representative maps, social surveys, photo-
graphs, and local property data. We advocate the creation of a GIS where sources are fully
integrated with the contextualizing stage, going beyond the simple recognition that they share
the same geographic and temporal space.

This article provides a detailed framework for the creation of two environmental stages,
built and social. A built environment stage comprises data sources that allow for the mod-
eling of the human-made spaces in cities, including the structures, land uses, transportation
systems and parks. These are the physical spaces in which people live, work, play, and the
domain with which researchers of individual space-time patterns have largely been con-
cerned. A social environment stage comprises a dataset of all residents of the city, at the
scale of the individual, complete with their full socio-demographic characteristics. It includes
their familial, workplace, school, and religious affiliations and networks. This allows for the
modeling of the social structures and social relations that shape the everyday lives of individ-
uals. The social environment is also their community, the racial “the wrong side of the
tracks”, or their “‘hood”. It allows for the uncovering of the socially constructed places in
the city such as “eastside”, “westside”, or “uptown”. It also encompasses micro-scale social
environments such as families, co-workers, classmates, and congregations.

In addition to laying out the framework for a stage-based GIS, this article makes an
attempt to integrate narrative sources in a GIS. By utilizing data-rich environmental stages, we
have created a methodology that allows narrative sources to be used in a GIS in concert with,
and contextualized by, traditional quantitative data. This framework affords researchers the
ability to not only georeference non-tabular sources, such as narratives, within a GIS but also
to maintain and even add important contextual clues. Additionally, by integrating this
approach with the environmental stages, a deeper understanding of the spaces recorded in the
narrative can be achieved than by examining the text alone. We can interrogate both the physi-
cal and social spaces occupied not only by the writer but also by each and every person he or
she mentions in his or her daily account of life in the city. We can map not only the physical
spaces occupied by the diary writer and his or her relations, but also the social networks of
friendship, family, and business. This new framework for a space-time GIS allows for the crea-
tion of rich spatial stories and a more robust and accurate interpretation of the space-time pat-
terns of past populations, the places they created, and the larger social environments present in
urban areas.
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2 Related Work

In recent years, an interdisciplinary mass of scholars has turned its attention to the use and
potential of GIS as a research tool to dissect and analyze qualitative sources (Kwan and
Ding 2008; Jung 2009; Jung and Elwood 2010; Cooper and Gregory 2011). This attention
can be attributed to both the increasing data-handling abilities of a desktop GIS and the
potential for spatially statistically rich mixed-methods insight that can be acquired through
the use of a GIS. To date, the use of qualitative sources in a GIS has centered primarily in
participatory GIS (PPGIS), where the prime concern has been to enfranchise local knowledge
(Craig et al. 2002; Rambaldi et al. 2006; Corbett and Rambaldi 2009; Loebach and
Gilliland 2010; Cowan et al. 2012) or as an epistemology for capturing non-cartographic
forms of spatial information (Kwan 2007; Elwood 2009b; Dennis et al. 2009; Koti 2010).
The potential of qualitative GIS has begun to catch the interest of a range of scholars who
have embraced the “spatial turn” in the social sciences and humanities (Bodenhamer et al.
2010; Dear et al. 2011).

This newest crop of spatial thinkers has been inspired by the possibilities promoted by
those who have adopted GIS for historical research. Early work in the blossoming discipline of
Historical GIS (HGIS) was focused largely on the creation of national HGIS datasets that
spatialized aggregated collections of tabular government sources such as censuses (Gregory
et al. 2002; McMaster and Noble 2005; St-Hilaire et al. 2007), administrative boundaries (De
Moor and Wiedemann 2001; Kunz and Boehler 2005; Bol 2008) and toponyms (Berman
2004; Mostern and Johnson 2008; Southall et al. 2011). Other projects utilized individual-
level nominal sources such as city directories, censuses, and tax rolls to create datasets at the
local scale (Debats 2008; 2009; Gilliland and Olson 2003; 2010; Dunae et al. 2011; Novak
and Gilliland 2011; Lutz et al. 2013). Only recently have HGIS scholars attempted to incorpo-
rate written texts, such as travel diaries or recollections of an event in a newspaper, into a
geospatial environment. Most notable is the work by Ian Gregory and his colleagues, who
have begun to extract spatial and temporal cues from corpuses of newspapers and travel
accounts (Gregory and Cooper 2009; Cooper and Gregory 2011; Gregory and Hardie 2011).
These early efforts show that the incorporation of written texts into a GIS is of interest to
humanities researchers; however, they involve little more than mapping place names with the
aid of a gazetteer.

It has been noted that there is a “challenge of including local knowledge in GIS-based data
structures and GIS-based analysis, because it is often represented in forms such as texts. . .”
(Jung 2009, p. 118). We suggest that a deeper understanding of space- and place-making can
be captured from a corpus of written texts. It requires an integration of the spatial cues found
within a text with a deep understanding of the local environment to which the text refers. A
further challenge is georeferencing textual data that is expressed solely using situational rela-
tionships, such as the “new mill near where the river bends” or “the vacant lot on First Street
by the abandoned factory”. Yao and Jiang (2005), Yao and Thill (2006), and Jung and
Elwood (2010) have pioneered techniques for such “qualitative locations”, allowing for the
visualization of textual sources that do not have absolute Euclidean geometries. These impor-
tant methodological contributions will aid researchers in using GIS to visualize, quantify, and
interrogate constructions of place and time.

What is missing from current qualitative GIS research, and is of interest to researchers
both within and outside of traditional GIS circles, is the maintenance of the contextual cues
that lie within many textual sources. What we present here is a framework for using a GIS for
the contextualization of qualitative sources, particularly texts, beyond just locating their point
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or extent on a map. We see this integration of texts as allowing researchers not only to fully
utilize the data-handling and analytical capabilities of a GIS for qualitative sources, but also to
recreate the space-time paths, or spatial stories, of a large number of individuals with relative
ease.

3 Building Geospatial Stages

This article outlines the GIS framework and data structures created during the nearly decade-
long creation of the Imag(in)ing London Historical GIS Project. Our HGIS, spanning 1871–
2013, has been built to be robust and flexible both in the sophistication of the spatial analysis
techniques that can be employed and in the range of sources that can be incorporated. This
allows for a deep contextualization of both the quantitative and qualitative sources that are
brought into the system.

Our HGIS is comprised of two stages, a built environment stage and a social environment
stage. Each stage is designed and built to be independent of the other, both spatially and tem-
porally, but are used in concert to perform queries and analysis. Each is built using the spatial
references from a specific temporal period recorded in an archival cartographic source.
Further, each stage is comprised of many “scenes”, or temporal periods represented. We have
built environment “scenes” that represent the entire city of London, Ontario and its suburbs
for 1855, 1881, 1888, 1907, 1915, 1926, 1958, and 2008–2013.

3.1 The Built Environment Stage

The foundation of a built environment scene could be any historical source or combination of
sources that captures a comprehensive representation of the past landscape, such as a topo-
graphic map, geodetic survey, or fire insurance plan (FIP). Our first built environment scene
began with the 1881 FIP of London created by the Charles E. Goad Company. Goad produced
FIPs for most major cities in Canada and Great Britain from 1878–1970 (Goad 1984). Similar
to those produced by the American Sanborn Map Company, the plans were created to aid fire
insurance companies in assessing risk. FIPs have long been recognized for their accuracy and
immense detail on the built environment of the city (Bloomfield 1982; Krafft 1993; Oswald
1997). Each building’s use, number of floors, construction material, and position within the
lot are documented with a cartographic precision of 1:6,000. The height of larger buildings is
often recorded, along with the use of individual rooms and the location of fire hazards such as
furnaces, wood piles, oil tanks, and generators (Figure 1). This impressive cartographic record
provides researchers who study the late 19th to mid-20th century with an ideal source for the
construction of a built environment scene.

Our work began with the digitalization of the historical cartographic sources using a large
format scanner at a resolution of 1,200 DPI (see Figure 2). The images were then georefer-
enced to a modern GIS of the city using ArcGIS 9.2. To include the built environment variables
found on the FIPs, each building needed to be vectorized by hand. Although time-consuming,
this step was critical so that we could perform spatial analytic queries on the built environ-
ment and allows for the contextualization of space-time data that we are advocating
(Figure 1). Thankfully, several researchers are developing techniques to automate the extrac-
tion of built environment variables from cartographic and remotely sensed images (Carneiro
et al. 2010; Aldred and Wang 2011; Marciano et al. 2013). Despite recent advances in auto-
vectorization, there is still the need to assign the environmental attributes noted on the FIPs to
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each feature in the geodatabase. To facilitate comparison across multiple temporal periods,
the variables needed to be normalized using common categories. Once loaded into the
geodatabase, the temporal scene was complete and ready to be added to other scenes in the
built environment stage of the HGIS.

Of equal importance to the creation of a contextually rich stage-based historical GIS is the
civic addressing that is found within the FIPs. Each property is noted with a precise civic
address that can be used as a common spatial identifier, facilitating an easy integration of a
wide range of sources into the GIS. Of particular interest to Canadian scholars is how this
addressing can be used to facilitate the geocoding of the decennial census of Canada prior to
1901, when no addresses are listed in the manuscript records. This would also be of interest
to other scholars who have access to individual-level data devoid of a fine-grained spatial
identifier.

3.2 The Social Environment Stage

A social environment stage can be created using any combination of sources that, when record
linked, provide a rich dataset outlining the many social indicators found in the geographic area
of interest. Annual city directories and the decennial census of Canada are the cornerstones of
our social environment stage. We elected to use the decennial census as it provides the most
reliable record of 19th and early 20th century urban populations (Curtis 2001; Sager and
Baskerville 2007; Olson and Thornton 2011).

We wanted to have as rich a social environment stage as possible. The combination of
decennial censuses and annual city directories provides not only the name, age, occupation,
birthplace, ethnicity, and marital status of each individual, but also the relationships found
within each family unit or domicile, the tenancy of each residential unit, and the place of work
for those employed both within and outside the home. We have benefited from the valiant
efforts of the Canadian Century Research Infrastructure Project (Gaffield 2007), the 1881
Canadian Census Project (Dillon 2000) and the Historical Data Unit at the University of
Guelph, who have each assisted in the creation of a complete count of the entire population
of the city of London from 1871–1901. This has allowed us to map every individual to
their exact residential unit, including children, a population that is rarely captured in

Figure 2 Built environment stage workflow
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geo-demographic studies. The city directories, geocoded on an annual basis, allow us to under-
stand the social environment between the census years, including residential mobility, changing
social mobility, and property ownership. We can even follow as domestic scenes change, such
as when teenagers leave their parents’ homes to start their own households.

A historical city directory typically consists of four sections. There is an alphabetical
listing of each resident in the city, which includes their full name, residential address,
housing tenure, occupation, and workplace. A business directory lists all commercial and
industrial operations in the city. It is sorted by the primary service provided or good pro-
duced, and includes the name, full address, and in some cases the owner and/or partners of
the business. A street directory provides a detailed geographical record of each street. Every
address in the city is recorded along with the head of household or business located at that
address. Each address is placed in order as if you were walking down the street and nota-
tions of proximity to cross streets and vacant land are included. Finally, the miscellaneous
directory lists the churches, schools, post offices, and other similar public buildings located
throughout the city.

The creation of the social environment stage began with the semi-automated transcription
of the city directories (Figure 3). All four sections of the directory, for every year between 1871
and 1901, were run through an optical character recognition (OCR) procedure in Adobe
Acrobat. The OCR is imperfect, so each record was reviewed by a researcher who made cor-
rections or manual transcriptions where needed. The file was then text parsed and imported
into a MS Access database. Using the temporally corresponding built environment stage, we
created an address point locator and geocoded the directories. This overcame most issues asso-
ciated with geocoding historical records, such as street name changes or additions, and
changes in residential buildings and lots. Seventy-one percent of the city directory entries
across all years were geocoded through the automated functions within ArcGIS. A combina-
tion of factors prevented the remainder from being completed with the point locator. In 1871–
1883, some addresses were indicated with street intersections or by vernacular names given to
major commercial buildings such as “Union Block” or “Albion Buildings”; these entries were

Figure 3 Social environment stage workflow
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manually geocoded. Entries for boarders or hotel dwellers often included the name of the
owner of the lodging place rather than an address; these entries were researched further and
manually georeferenced. The final geocoding capture rate was 97.2% of city directory entries
across all years, with the lowest single year (1879) being 94%.

To facilitate the georeferencing of the decennial censuses of 1871, 1881, and 1891 (which
provide a geographic reference to a district but no civic addresses), we used a customized
version of LinkageWiz, a probabilistic record matching software, to record link the census to
the city directory of the same year (LinkageWiz 2011). The records were blocked using enu-
meration areas and last names. Last names were blocked with various phonetic algorithms and
string comparisons applied. Matching was then performed using match weights for first name,
gender (derived from a lookup table of first names), and occupation. Occupation also included
a lookup table of similar occupational titles derived from the Historical International Standard
Classification of Occupations (HISCO) (van Leeuwen et al. 2002, 2004). Only the most prob-
able matches (90% threshold) were automatically matched; the remainder were manually
reviewed by the researchers before inclusion in the geodatabase.

Historical demographers are acutely aware of the issues that have resulted from the
change in the census questions from enumeration to enumeration. The final step in the crea-
tion of the social environment stage included our attempts to normalize the census and
directory variables for easier comparisons year over year (see Figure 4 for the variables
found within the social environment stage geodatabase). We have largely followed the lead
of the researchers involved in the North Atlantic Population Project (NAPP) (Ruggles 2002;
Roberts et al. 2003). Relevant variables such as the number of rooms and state of construc-
tion found within the 1891 census were extracted and included in the built environment
stage.

The result is a robust geodatabase, or social stage, that affords us a completely new way
of looking at a city and its population. For the better part of the twentieth century, researchers
have followed the model of the Chicago School of Sociology, studying urban populations by
placing them within the arbitrary boundaries and hard edges of the census tracts. Much like
the pioneers Charles Booth (1889) and Herbert Ames (1897), we can now map and analyze
social patterns at the scale of a single block. We can see that a new Irish Catholic immigrant,
his wife, and eight children live in the back lot behind an English Protestant industrial capital-
ist who employs three servants. At an even finer scale, we can see the merchants’ wives who
may share a friendly salutation from porch to porch and the young single factory worker who
rents a room above the living quarters of a bourgeois insurance agent. A myriad of possible
research topics may be interrogated in a social environment stage built at this micro-scale.
Rich individual-level data allows a researcher to ask questions and discern patterns that are
lost in aggregated census data.

Researchers also benefit from the flexibility and adaptability of having a GIS built upon
a set of two or more spatially-linked, multi-temporal stages. The system can combine any
range of data included within the stages’ geodatabases, and additional “bricks” may be
added to the foundation of the GIS as new research questions arise. We found ourselves
doing so as we moved from projects focused on urban morphology to those more demo-
graphic in nature.

We can combine the spatial accuracy of civic addresses with the cartographic record of
businesses, buildings and lots found on the FIP to map nearly any archival source with the
most subtle reference to an individual, business, event, or street corner. This allows the unique
opportunity to incorporate into the HGIS seemingly aspatial archival sources such as payroll
records, newspapers, or police digests, with all people and events placed in their exact historic
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spatial locations. Researchers thereby have a novel perspective on the past, allowing us to pose
new questions and guiding us toward more robust answers. This also allows for a deeper
contextualization of sources, as each source can be viewed within its appropriate temporal
scene as well as in its spatial relation to other actors or events.

Figure 4 Example of variables included in the 1891 social environment stage geodatabase. The *
indicates the presence of a corresponding numeric variable to facilitate statistical analysis
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To illustrate, we have harnessed the built and social environment stages to explore the
potential exposures to noxious industrial environments during children’s daily journey to
school in the 1880s (see Figure 5). We record-linked to the social environment stage an
attendance register of pupils that enumerated all of the students (n = 699) from the three
primary schools in the suburban town of London East. The register only included each
student’s name, age, parent’s name, and daily attendance at school. The demographic
robustness of the social environment stage allowed us to locate these children through their
parents and place them within their homes. Using the road and pathway network in the
built environment stage, we calculated their likely journeys to school using a shortest path
analysis. The routes are aggregated in Figure 5 to illustrate the number of children who
traveled on any given street segment in a day. By calculating a weighted interpolation of
the square footage of each industrial building and railyard, we created a surface that
represents the industrial areas of the city and juxtaposed it with the journeys to school.
We see that over half of the students (n = 354) were traversing an industrial area, represent-
ing on average 371 m of their journey and approximately five minutes of walking
time, depending on the age of the student (see Figure 6). Further analysis with the social
environment stage shows us that children of semi-skilled or unskilled workers had the least
exposure and children of parents in professional occupations had the most. This pattern is
likely a reflection of the difference in housing patterns of the industrial suburb, with lower

Figure 5 Built and Social Environment Stages used together to explore children’s potential expo-
sure to noxious industrial environments on their journey to school
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cost housing nearer to the core, and thus the school, and more elaborate housing built at the
city’s fringe. This short example illustrates how the contextualization of historical sources
within a stage-based GIS can lead to new perspectives – in this case, on the 19th century
time-space paths of children and the environments they traversed on a daily basis.

4 Integrating and Contextualizing Narratives

Our interest in spatializing narratives stems from a larger research program that explores the
social structures of 19th century cities through the lens of spatial mobilities. We wish to under-
stand the true impact of segregation on the creation of community by looking at the extent of
social interaction through the re-creation of individual space-time paths, what we call the
spatial stories of urban life. We quickly determined that the best sources of such fine resolution
data on social interaction are personal diaries. Nineteenth-century personal diaries vary widely
in the type of information that was recorded in them. Culley (1989, pp. 15–17) outlines that
most diaries served not only as a method of private personal record keeping (i.e. personal
finances, illness, and appointments) but also as semi-public records of life. Culley, as well as
Adams and Gossage (1998), argue that men wrote about their public activities and women
about family and community events. Our experience with urban diaries confirms this.

4.1 Digitalization and Text Parsing

To date, we have incorporated 12 diaries that have overlapping spatial and temporal extents.
The diaries were located in a regional archive and first had to be digitalized in preparation for
inclusion in the GIS. The diaries were scanned page by page and transcribed manually.
Attempts were then made to parse the text using a number of automated text mining methods
including natural language processing (Piotrowski 2012), named entity recognition (Nissim
et al. 2004), and feature selection algorithms. We had limited success; even with the use of dis-
ambiguation techniques, we found that less than 40% of the text was able to be identified sat-
isfactorily. A host of reasons influenced this low capture rate, such as the wide use of

Figure 6 Distances travelled within an industrial area by children on their daily journey to school
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shorthand, nicknames and archaic terms. Foremost was the heavy use of vernacular terms used
for locations or events. For example, “went to 7’oclock (sic) prayer meeting at the sabbath
school” or “met at the gallery building before heading to tea at Old J Weston’s.”

Automated text segmentation and event generation is an area of significant interest to
computational linguists who are intrigued by the challenge as well as the research possibilities
available if we could harness the vast archive of data stored in texts, especially the limitless
textual archive of the Internet. Interest in historical texts has been limited until very recently.
Notable efforts are underway by Michael Piotrowski (2012) to tackle the challenges of apply-
ing current natural language processing techniques to historical corpora. Further work has
begun by Ian Gregory and others as part of a larger project in the spatial humanities (Gregory
2013). Despite these recent efforts, no universally applicable technique for parsing and identi-
fying historical texts is currently available. Piotrowski (2012, p.100) argues that most success-
ful natural language processing projects for historical texts have taken place with tools built
specifically for a historical corpora representing a specific time and place. We did not have the
resources to create a tool specific to our corpora and thus found it more effective to parse the
text manually.

4.2 Creating Events from Texts

A primary concern among qualitative social scientists is how to maintain the important con-
textual clues about the people, places, and events that are embedded within a written narra-
tive. The benefit of a manual approach to text parsing when combined with a stage-based GIS
is the ability to tease out not only subtle or incomplete references to people, places, and events,
but also to extrapolate time, relationships, and spatial mobilities.

We started by first parsing out unique socio-spatial events (Figure 7). An event can take
two forms. First, it can be a temporally specific mention of someone who was spatially mobile.

Figure 7 Workflow to integrate and contextualize qualitative sources in a GIS. The example is a
written narrative. This method allows us to create a rich spatial story of a given time and place
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This can be obvious, such as “left for work at 7am”, or more subtle, such as “We had dinner
& supper at 438” (438 is the address of the diarist’s in-laws, thus we can infer movement).
The second type of event is one that involves a social interaction, even if we are unsure of the
extent of the spatial mobility present. For example, “last evening Dick was with us for tea”.
We do not necessarily know where tea took place but we are still able to parse out this inter-
action.

Locations were then extracted in a similar manner; the details of this process are outlined
in Section 5. Time was recorded for each event at the finest resolution possible (both absolute
and deictic) in addition to where an event fitted into the sequence of socio-spatial events in any
given day. This notation in the relational database is needed for the re-creation of spatial
stories. A record of all actors, or people recorded in the diary, complete with their full geo-
demographic record from the social environment stage, was created. The relationships
between each actor and the diary writer, as well as the relationships between all actors to each
other, were extracted from the diary. We also used the various temporal scenes available in the
social environment stage to create a web of social relations beyond what is immediately
obvious from the diary (Figure 7). We can thus see not only familial branches but also eco-
nomic, social, political and employment-based relations. In essence, we have captured a com-
prehensive social network of the entire city, centered on individual diary writers.

Actions were the final element of our relational database to be parsed out of the narrative.
Actions include a number of elements such as the direction of travel, origins, destinations, and
waypoints, or stops along the way. Each event was codified using an index of “why” codes to
indicate whether it was work-related, social, educational, religious, for commerce, or other-
wise; multiple reasons could be indicated. Finally, the complete passage from the digitalized
narrative was included so researchers can view the original event in context.

5 Georeferencing Qualitative Sources

The spatialization of historical sources is still in relative infancy. Most projects georeference
historical sources using modern spatial datasets and address locators, as the time and resources
needed to create temporally-specific geolocators is enormous. Notable exceptions include the
pioneering project Montréal l’avenir du passé Gilliland and Olson 2003). Others include the
recent efforts of the Urban Transition Historical GIS Project (Logan et al. 2011), which has
successfully geocoded the 1880 US census to a resolution as fine as the street segment, and the
historical GISes of Alexandria, Virginia and Newport, Kentucky created by Debats (2009).
Another approach advocated by Southall et al. (2011) has been to utilize databases of histori-
cal place names and digital gazetteers. Their methods have made the geocoding of locations
somewhat less taxing; however, they do not serve to map qualitative spatial relations at the
scale of everyday life, such as the location of the “coloured barber near the market”. Our
interest in qualitative sources, including their incomplete spatial references, demanded the
creation of the stage-based GIS outlined here. We see this as the most complete gazetteer avail-
able for a single city, where we are able to map every subtle event or mention of a person or
place with relative ease.

The location fields that are parsed out of a narrative source represent not only locales
directly or indirectly mentioned by the diary writer, but also any spatial references that can be
inferred by the actions, events, or actors mentioned in the diary. That is, every actor’s actual
location at a specific time is georeferenced, as well as their home location, workplace, and any
other locations available through the built and social environment stages. The source-based
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contextualization also allows a researcher to map locations that are not absolute, such as the
extent of what individuals refer to as “downtown”, or the scale of a neighborhood as seen
through the eyes of the writer.

The georeferencing of narrative sources is a semi-automated procedure. It begins by
running the parsed location attributes from the written narrative through an automated record
linking procedure to records found within both the built and social environment stages. The
record link may include a partial civic address or may be a link to a name, business, or build-
ing. The civic address, as discerned from the stages, is then added to the record in the rela-
tional database (Figure 8). The address-linked records are geocoded using the address locator
created during the construction of the social environment stage. Successfully geocoded records
are then added to a new geodatabase. The remaining records are reviewed manually and
linked to multiple entities in both the relational database and other contextual sources in the
HGIS that may provide spatial references.

The ability to contextualize the sources within a large spatially and temporally referenced
database is vital to being able to precisely georeference a narrative source. One of the diaries
included within our larger project is that of Richard Matthews. Matthews’ diary spans 36
years, 1863–1899. We have thus far focused on two years of his life, 1881–1882, when he was
a married father of six and a clerk at the city’s post office. Nearly 1,000 events involving just
under 200 actors in 269 unique locations were geocoded from his diary using this methodol-
ogy. Table 1 outlines the results of the geocoding procedure by each intermediary step. For
both events and actors, only 2% of entries could be geocoded using the addresses written
directly in the diary. However, once the entries were record linked to addresses captured in the
two stages, we were able to geocode 90% of the events and 70% of the actors parsed out of
Matthews’ diary.

Some record links were direct 1-to-1 matches of an actor’s name to their corresponding
entry in the social environment stage, while others were matched through a combination of
multiple variables. For example, we return to the case of the “coloured barber near the
market” that Matthews mentions visiting in the spring of 1882. Using the built environment

Figure 8 Georeferencing workflow for narrative sources
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stage, we can perform a simple spatial buffer of a short walking distance around the market.
Then, within the buffer, we can perform a SQL query for Occupation = Barber AND Ethnicity
= African within the social environment stage. The result is the discovery of Matthews’ barber
as a single, recently immigrated, 30-year-old American man named William Berry. He operates
his business on the first floor of a rented shop at 10 Market Lane, just steps away from the
market square. From here, other contextual sources could be referenced, such as Matthews’
financial record books to see how much he paid for a haircut, or newspapers for advertise-
ments or stories about the barber shop.

As an example of what is possible, Figure 9 outlines the spatial distribution of actors in
Matthews’ diary contextualized within the two environmental stages. We have included land
use characteristics from the built environment stage as it provides a clear image of the delin-
eated spaces in the city. Using a simplified version of the Darroch and Ornstein (1980) occu-
pational class scheme we aggregated the actors in Matthews diary into one of three social
classes. The result is a spatial view of the diversity of individuals Matthews interacts with
throughout his daily life. No one social class dominates and we see that actors live in a
range of residential situations from single unit detached homes in the suburbs, to small bun-
galows and residential hotels in the industrial areas of the city. We see relations in both in
the wealthy Woodfield district north-east of downtown and in the working class London
East neighborhood. These are patterns that would not be possible to discern without the
ability to place the narrative within the context of the rich built and social environment
stages.

6 Towards Spatial Stories: The Case of Richard Matthews

Utilizing a stage-based GIS provides not just the ability to georeference qualitative locations
but also the ability to recreate the space-time paths and the ensuing social interactions that are
otherwise hidden within qualitative sources. A simple comment about getting a haircut
deepens our understanding of activity spaces and the distances urban residents would travel in
the walking city to complete their personal and household chores. It provides us a taste of how
racial differences were experienced during the day when residents left their segregated neigh-
borhoods. It may be a launching point for enquiries into the economic opportunities and
experiences of new immigrants. We recognize that no single case will lead a researcher to
in-depth conclusions, but this simple example, grouped with thousands of others, provides the
script for the creation of a rich spatial story.

Table 1 Number of actors and events mapped by geocoding procedure

Number
of events/
actors

Using
address found
in diary*

Using address
captured
from stages

Contextual
manual
geocodes

Not
mapped**

Final
geocode
rate

Events 927 19 786 30 92 90%
Actors 192 4 125 5 58 70%

* Diary of Richard Matthews, 1882
** 27 of the not mapped actors were family, preachers, or politicians who reside outside of London
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Our current research interests are focused on developing a better understanding of the
impact of diurnal segregation (or integration) on the everyday lives of individuals, both past
and present. Who Matthews does and does not visit on his weekly Sunday stroll provides only
a limited view of the social structures impacting his life. Utilizing the two environmental stages
and the 12 diaries, we have recreated the time-space paths of Matthews, as well as hundreds of

Figure 9 Built and social environments used to spatialize Actors in Richard Matthews’ diary
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other urban residents, for various time periods between 1881 and 1901. These spatial stories
shed light on the true social distances that influenced the lived experiences of residents as they
traversed the city to work, school, church, and play.

Time geography and time space modeling has a deep scholarship. Inspired by the pioneer-
ing work of Hägerstrand (1970) on space-time paths and prisms, scholars continue to work
towards effective geovisualization techniques that overcome the interpretive difficulties of three
dimensional geographic data (Kwan and Lee 2004; Nakaya 2013; Yu and Shaw 2011). While
others are developing new models that can be used to interrogate spatio-temporal mobility
data (Chen et al. 2011; Shaw and Yu 2009; Stewart et al. 2013; Yu 2006). However, with only
one notable exception (Mennis et al. 2013), the space-time patterns observed are not placed
within a rich, multi-variant environmental framework like what we present here.

Our approach to the geovisualization and analysis of spatial stories is to immerse the nar-
rative source within a three-dimensional model of the city created using the two stages
described above. Using the 3D capabilities of ESRI’s ArcScene 10, we have created a “Google
Street View-like” representation of the city. Figure 10 represents a recreation of the morning
journey to work for Richard Matthews on April 12, 1882 as he described it in his diary. His
time-space pattern is highlighted by the brown arrow that shows his departure at 8:15am and
his arrival 10 minutes later at Fred Wheeler’s home to borrow a copy of David Copperfield.
He continues on to work, arriving at 8:50am. This rather routine journey to work becomes a
spatial story when we not only contextualize the interaction between the actors in time-space,
but set the route within the larger environment that influences how the space is used and
experienced. Here we have utilized the social environment stage to symbolize each building
polygon from the built environment stage by ethnicity of the head of household. Labeled atop
each polygon is the value of each property in dollars per square meter as derived from the total
building value found in the municipal tax roll. Vegetation, telegraph poles, and gas street
lamps are included; their locations were identified using period photographs and a later geo-
detic survey which mapped individual trees. Photographs of buildings are available through
hyperlinks embedded within the built environment stage. Thumbnails are provided below the
scene and change as you modify the extent of the map. Many other built and social environ-
ment variables are available to be viewed and analyzed by the researcher but the limitations of
a paper map restrict us from illustrating them here. Through this 3D representation, we have
an enlightening view of the physical and social landscapes actors experienced and interacted
with in their daily space-time rhythms.

7 Conclusions

This article has outlined a new conceptual framework and methodology for the study of urban
environments. Whether the enquiry is the influence of the built environment on personal
mobility or the relationship between residential tenure and social segregation, it is critical to
set the scenes upon a spatially and temporally accurate representation of the spaces studied. To
accomplish this, we argue for moving beyond the use of generalized geospatial platforms such
as Google Earth, or the use of census tracts or similar aggregated units. By operating at the
scale of the individual, be it buildings or actors, we can not only overcome the modifiable areal
unit problem, but we can perform multi-scaled analysis and aggregation that cannot otherwise
be accomplished. This approach makes possible, for the first time, the realization of the
promise that draws many scholars to GIS – that by “assigning a geographic reference to
data. . .it then becomes possible to compare that characteristic, event, phenomenon, etc. with

GIS Framework for Recreating Time-Space 241

© 2014 John Wiley & Sons Ltd Transactions in GIS, 2015, 19(2)



Fi
gu

re
10

A
rc

Sc
en

e
10

p
ro

vi
d

es
th

e
ab

ili
ty

to
m

o
d

el
th

e
b

u
ilt

an
d

so
ci

al
en

vi
ro

n
m

en
ts

o
f

th
e

ci
ty

in
th

re
e-

d
im

en
si

o
n

s.
Th

e
St

ag
es

ar
e

u
se

d
in

co
n

ce
rt

to
re

cr
ea

te
th

is
ti

m
e-

sp
ac

e
p

at
h

o
f

a
p

o
st

al
cl

er
k’

s
m

o
rn

in
g

jo
u

rn
ey

to
w

o
rk

242 D Lafreniere and J Gilliland

© 2014 John Wiley & Sons Ltd Transactions in GIS, 2015, 19(2)



others that exist in the same geographic space. What were previously seemingly unrelated facts
become integrated and correlated.” (Kemp 2010, p. 32)

This article has also provided a methodology for the re-creation of individual space-time
paths using narrative sources within a stage-based GIS. Core to this approach is the ability to
parse narrative sources into six parts, each reflecting either a spatial, temporal, or social rela-
tionship found within the narrative. Then, using temporally-specific attributes from the built
and social environment stages, we georeference the narrative to the exact locations noted
within the urban fabric. Although we preserve access to the original narrative via a hyperlink
in the attribute table, we recognize that by segmenting the narrative in this way, much of the
qualitative nature of the source is lost. We see this as a small price to pay for the new perspec-
tives that can be seen when you integrate a narrative within the stage-based GIS. By harnessing
the spatial precision, analytical capabilities, and contextual cues available through the stage-
based GIS, researchers can now better understand the role that environmental interactions
play on the quantity and nature of human daily mobility. This is approach is congruous with
Kwan’s (2013) call for a temporally-integrated approach to the study of social geographies.

Further, this article has outlined the need to place both the source data and the space-time
patterns observed within their larger environmental contexts. We advocate for the creation of
a “full city view” or “real world” within a geospatial environment; however, as Black (2010 p.
467) reminds us, “the past can never be recovered as a solid whole, as history is always frag-
mented”. We must acknowledge that when working with any historical sources there are
inherent inaccuracies, biases, and omissions, thus limiting the assumptions and potentially the
analysis one can perform. Additionally, we face many of the challenges outlined by Elwood
(2009a) such as how to manipulate and represent such complex data and how to overcome the
heterogeneity that is intrinsic to such representations. We also recognize some of the limita-
tions that Sheppard (1995; 2005) outlines when attempting to represent qualitative informa-
tion in the Boolean logic and map algebra of the raster and vector GIS.

Although our case study uses historical sources, we see these approaches as being appli-
cable to a wide range of contemporary lines of enquiry. Scholarship ranging from impact of
the built environment on individual health to how complex social structures influence the set-
tlement patterns of new immigrants can benefit from this approach. Although a significant
investment of time and resources is needed to build a stage-based GIS, we see the rewards to
be great. The diversity of enquiries that is possible is limited only by the imagination of the
researcher.
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