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Abstract 

Twenty-first century technological advancements are supporting collaborations between 

social science and Geographic Information Systems (GIS) as well as GIS and emerging 

geovisual interface technologies. The capabilities of GIS have led historical scholars to 

adopt GIScience methodologies, emerging as the evolving field of ‘historical GIS’ (or 

HGIS). This work explores the intersection of spatial interface technologies and HGIS, to 

identify new opportunities for connecting audiences with ‘narratives’, ‘experiences’, or 

‘emotions’ of historical events and places. Through a review of HGIS literature, and the 

development of several working prototypes, driven by the research focus of the 

Landscapes of Injustice project, this work aims to create a bridge between HGIS 

research and human narrative approaches with 3D and across a continuum of mixed-

reality technologies, and identify the opportunities these connections offer to create 

experiential, emotional spaces, rich with narrative and empathic potential for HGIS 

scholarship and historical pedagogy. 

Keywords:  historical GIS; narratives of social justice; 3D geovisualization; mixed 

reality interfaces; empathy 
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Chapter 1. Introduction 

1.1. Overview 

The use of geographic information science/systems (GIS) in historical research 

has become much more prominent over the last two decades, emerging as an accepted 

part of historical geography known as the evolving field of ‘historical GIS’ (HGIS). This is 

largely due to the capabilities of GIS to integrate data from many different sources and to 

handle both spatial and temporal complexities of geographic information (Gregory and 

Healey, 2007). While originally used mainly for mapping, the social sciences saw a 

spatially-focused turn in research and teaching, as the integration of GIS database and 

geovisualization technologies enabled maps to become a research tool rather than just 

an end product (Bonnel and Fortin 2014; Gregory and Ell 2007; Bodenhamer, Corrigan, 

and Harris 2010). Advances in technology and conceptual innovation continue to 

improve the ability of GIS and GIScience to capture, represent, and analyze geographic 

phenomena. 

Difficulties still remain in reconciling human experience with conventional GIS 

methodologies. While GIS can attempt to recreate a location in time and place, like 

many historical events, human narratives (involving incomplete data, and unconventional 

records and anecdotes) are not easily (or well-) reconstructed by existing GIS platforms 

and conventional practice. GIS are fundamentally quantitative tools, effective at 

capturing data and attributes, and capable of the representation of movement of people 

(provided the data is available), but it could be argued that it is incapable of adequately 

capturing the narrative or emotion of the lived experience. While its qualitative potential 

remains primarily underdeveloped, this is becoming a more notable contribution to GIS 

research (Knowles 2014). The interoperability and database technology underpinning 

GIS methodologies allow for both qualitative and quantitative materials to be used 

effectively together, including texts, images, sound and video (Goodchild, 2000; Gregory 

and Healey, 2007). As humans use a range of senses for various methods of 

communication including visual, auditory, tactile, and olfactory, bringing together multiple 

forms of data to appeal to these senses enables researchers to develop more engaging 

geovisualizations and reveal unknowns in ways that were not always possible for 

historians. With changes in the fundamental ways we communicate, changes in 



2 

GIScience will lead to the development of new visualization models that better represent 

complex social space. 

Newer emerging methods and technologies such as 3D data, visualization and 

spatial interfaces offer powerful opportunities to further contribute to, and transform, 

HGIS scholarship and historical pedagogy. Simple methods of digital dissemination use 

web-based interfaces of a GIS to enable users to explore maps and data on their own, 

including functions to zoom in or out, pan around the area, turn layers on and off, and 

query the underlying data (Gregory and Healey, 2007). This map-based interface 

enables the user (whether it be a scholar or not) to ask questions about space and 

place. Combining GIS and virtual or augmented reality methodologies and technologies 

allows for entirely new ways to explore questions and techniques to create 

representations of landscapes and human narratives in three dimensions. The additions 

of interactivity, and online and mobile visualization methods are transforming 

cartographic design and increasing multi-disciplinary influences (Roth and others 2017). 

Works, such as those by MacEachren and Kraak (1997), Cartwright and others (2001), 

Koua and others (2006), and Slocum and others (2010), have shown what can be 

achieved when combining devices and interaction design to immerse users in 

cartographic contexts. This has led scholars to acknowledge the geospatial capabilities 

of these technologies, and the opportunities they present in GIScience and HGIS 

research.  

Increasingly, studies are incorporating mixed-reality methodologies to examine, 

communicate, and explore spatial and temporal changes in historical cities or 

landscapes, such as works by Lerma and Garcia (2004), Popelka and Brychtova (2011), 

Almeida and others (2016), Kersten and others (2017), and Woods and others (2019). 

However, these studies primarily emphasize spatial immersion and experience, focusing 

more on the representation of past spaces rather than the human experiences within 

them. HGIS presents an opportunity for incorporating these nuances through a geo-

narrative approach with these emerging technologies. Using narrative elements with 

both spatial and emotional content may improve user immersion and presence within the 

visualization experiences, enriching engagement and understanding of the interaction 

and emotional connection between people and their environment (Mennis, Mason and 

Cao 2013; Duarte and Pinheiro 2016; Zhang, Perkis, and Arndt 2017). While there has 

been research into the idea of using virtual reality for educational purposes (Winn 1993; 
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Winn and Jackson 1999), the last five years has seen a rise in the development and 

study of mixed-reality applications as pedagogical tools in classrooms and in museums 

(Chessa and others 2015; Petrucco and Agostini 2016; and Barbieri and others 2018). 

There is a merging of cultural history and interface technologies happening, referred to 

as virtual heritage, allowing users to visit and connect to spaces and places in ways that 

may not be possible in reality. 

In this thesis, I examine the opportunities that these new technological 

developments offer to allow us to examine the ‘topologies’ of historical GIS, looking 

deeper into spatial relationships in both time and space, and add new dimensionality to 

historical research. I conduct a literature review of the development of the field of HGIS, 

assessing past and present discussions of the uses of GIS for historical research, and 

the potential for 3D visualization and interface technology contributions to the field. I 

explore the opportunities of several spatial interface technologies, from human-computer 

interaction and HGIS conceptual perspectives, to identify their potential for capturing and 

connecting audiences in ‘narratives’, ‘experiences’, or ‘emotions’ of historical events and 

places. Using web-based story maps, immersive virtual environments, 360VR, and 

tangible augmented reality interfaces, I develop several working prototypes balancing 

scientific evidence and narratives, to demonstrate and critically reflect on the potential of 

the intersections between social science, GIS, and emerging technologies to create new 

media for informative, immersive, and experiential engagement of human narratives and 

empathy. With this thesis, I hope to create a bridge between HGIS research and human 

narrative approaches with 3D and across a continuum of mixed-reality technologies, and 

identify the opportunities these connections offer to create experiential, emotional 

spaces, rich with narrative and empathic potential for HGIS scholarship and historical 

pedagogy. 

1.2. The research problem 

Spatial interface technologies, particularly when connecting social science and 

GIS, offer new opportunities to create experiential, emotional, narrative rich spaces of 

empathic potential. When considered as experiential propositions, these technologies 

are more than simply novel devices, having the potential to transform 

relationships/experiences with data, and digital characterizations of historical narratives 

in any time or place. With studies in HGIS and 3D geovisualization literature usually 
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addressing one platform at a time, the implementation of multiple interface systems for 

the same historical narrative (and HGIS) context is rare. To directly explore their 

potential, I built a set of working prototypes driven by the HGIS research and 

pedagogical focus of the Landscapes of Injustice project, a research initiative focused on 

the historical narratives of social injustice experienced by Japanese Canadians during 

World War II. 

In 1942, the Canadian government implemented the War Measures Act, resulting 

in the relocation, dispossession, and segregation of thousands of Japanese Canadians 

(LaViolette 1948). The political decision to enforce the liquidation of Japanese-Canadian 

property without the owners’ consent led to the loss of homes, businesses, merchandise, 

tools, boats, farms, personal possessions and more (LaViolette 1948). While the 

Canadian government apologized for these racial offences in 1988 when the Japanese-

Canadian community achieved Redress, the forced sale of property and removal of 

communities led to the complete loss of historic Japanese-Canadian neighbourhoods 

and the subject of dispossession remains a largely unexplored part of Canadian history 

(Landscapes of Injustice 2017).  

The lack of nationwide understanding of these past injustices only contributes to 

the marginalization of Canadian citizens that continues to be a problem in our present 

society. Landscapes of Injustice (LOI) is a SSHRC-funded, Canada-wide, multi-

institutional study focused on better preparing Canadians to deal with issues of 

intolerance by documenting, analyzing, and discussing these difficult moments in our 

history on a national level (Landscapes of Injustice 2017). By mobilizing existing primary 

data sources on the dispossession such as interviews of Japanese Canadians, 

community and government records, legal challenges, and transaction records, LOI is 

working to “trace the origins of this important Canadian policy, explain the failure of 

Canadian law to protect citizens, analyze the lasting ramifications of this failure, and 

make these insights available to Canadians” (Landscapes of Injustice 2017). 

One of the biggest challenges for the LOI project is communicating this history to 

Canadians in a way that elevates their awareness of the events that happened all 

around Canada, in everyday spaces used today, and enhances education related to the 

issue of Japanese Canadian dispossession. Conventional spatial analyses and 

geovisual representations can be useful tools to understand the changes to these ethnic 
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enclaves over time. However, digital maps derived from spatial analyses can often fail to 

capture and convey the experiences of dispossessed Japanese Canadians.  

With LOI aiming to produce material for elementary and high school curriculum, 

as well as interactive websites and traveling museum exhibits, their target audience is 

broad and diverse. Therefore, the HGIS research needs to be presented in accessible, 

interactive geovisualization applications that incorporate multiple perspectives of the 

collaborative research and develops an engaging narrative of injustice throughout the 

interface. Mixed-reality methods using emerging 21st century technologies have the 

potential to offer effective opportunities for visualizing, communicating and exploring this 

historical data in unique and experiential ways, transforming audiences’ perception of 

everyday space. 

1.3. Research questions 

The following questions guide this thesis: 

1. How are geovisualizations used in historical research, in the context of 

characterizing, communicating, and engaging audiences in historical spatial 

information and narratives? 

2. Is there a difference between emerging geovisual interface methodologies 

(such as interactive online maps, virtual environments, or augmented reality 

applications) in how they characterize, communicate, and engage historical 

research?  

Within each of these questions, this thesis examines what and how audiences 

are immersed, engaged, and educated with these geovisualizations, in this problem 

context:  

• What are the trends in narrative and HGIS? 

• What are the challenges and opportunities in this field? 

• How are advances in digital tools creating new methods in HGIS? 
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1.4. Research objectives 

This research aims to show the possibilities of using 3D geovisualization, virtual 

environment, and interface methods and technologies for engaging users in cultural 

narratives, such as the history of the dispossession of Japanese Canadians, and 

immersing audiences into landscapes of the past. The focus of this research places 

emphasis on the interactivity of these geovisualizations and the presentation of and 

engagement with collaborative research. The primary objectives of this MSc research 

are to leverage the existing LOI GIS work and contribute to LOI output goals, to explore 

three main themes:  

1. Building new geovisual characterizations of LOI, this research transforms 
conventional 2D and 3D data characterizations into new forms of rich mixed-

media representations.  

2. Connecting analytical abstractions to landscapes of injustice, this research 

examines methods of engaging audiences to this historical issue by using these new 

representations to connect narratives to geographic space/place, and citizens to 

landscapes and experiences of injustice.  

3. The potential and role of geovisual interfaces, this research develops 
experiential geovisual interfaces that facilitate the transfer of spatial knowledge to 

audiences, to inform, engage, connect, and immerse them in landscapes of injustice, 

as well as update our perception of the everyday landscapes around us.  

1.5. Thesis organization 

This thesis comprises four chapters, with the two main chapters following this 

introduction written as stand-alone papers for submission to peer-reviewed journals. 

Together, these papers introduce geospatial and geovisual contributions to the field of 

HGIS, discuss emerging technological methodologies in the context of supplementing 

and contributing to historical narrative knowledge production, and present workflows 

developed to address the research objectives.  

Chapter 2 presents a review of literature on the evolution of the field of HGIS, the 

ability of GIS and GIScience for uncovering and communicating historical narratives, and 
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the application of GIScience methodologies in historical geographic research. The 

review examines a selection of literature published between 2003 and early 2019, 

encompassing a multitude of journal sources due to the field’s cross-disciplinary nature, 

to discover the trending dialogue in HGIS research and methodologies. This chapter 

identifies key themes in the HGIS discussion, then assesses the literature for new 

methods of digital representation. Finally, the review explores how advances in digital 

tools, and the integration of expanding and emerging technologies in HGIS research, 

such as VR, AR, and 3D modelling techniques, are changing the way historical 

landscapes and narratives can be visualized, analyzed, communicated, and engaged. 

Chapter 3 expands on the research presented in the previous chapter, exploring 

spatial interface and emerging interface technologies and their potential to deliver 

immersive experiences that enrich empathic engagement and historical narratives in 

GIScience. The paper examines the opportunities of these emerging technologies in 

HGIS scholarship and historical pedagogy, focusing on narrative, experience and 

empathy. This chapter then presents the set of application prototypes developed in the 

context of the Japanese-Canadian narrative to demonstrate how these methods might 

mobilize historical geographic data and visualizations with emerging technologies to 

deliver powerful reconstructions of historical narratives and empathic experiences of 

social injustice. The chapter concludes with a critical reflection on the limitations, 

opportunities, and affordances of these interfaces for creating effective platforms that 

capture and engage audiences with historical narratives in geographic space. 

The final chapter concludes the thesis with a discussion of the significance of the 

research presented in Chapters 2 and 3, and further identifies possible future directions 

for research in geovisual methodologies and technologies for communicating and 

engaging audiences in historical geography and social injustice narratives.  
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Chapter 2. Emerging 3D interfaces as 
opportunities for representation, visualization, and 
theory in Historical GIS1 

2.1. Abstract 

Geographic information systems (GIS) are well-established platforms for 

integrating many forms of data and information to support spatial analysis. Their uses in 

academic research and professional applications underscore their strength in 

communicating geographic information in many forms, and to a multitude of audiences. 

These capabilities have led historical scholars, looking for digital approaches to study 

the past spatially, to adopt GIScience methodologies, eventually emerging as an 

accepted part of historical geography, known as the evolving field of ‘historical GIS’ (or 

HGIS). While GIS enables the ability to work with large volumes of seemingly 

incompatible data, and map-based interfaces, historical GIS research faces many 

challenges to establish spatial relationships and representational validity, using 

contemporary tools. This paper reviews literature on the evolution of HGIS, the ability of 

GIS and GIScience to uncover and communicate historical narratives, and the 

application of GIScience methodologies in historical geographic research. This review 

then explores how advances in digital tools, and the integration of expanding and 

emerging technologies, such as virtual reality (VR), augmented reality (AR), and 3D 

modelling techniques, are changing the way historical landscapes can be visualized and 

analyzed, engage with human narratives, and communicate this information for 

educational purposes.  

2.2. Introduction 

Historical Geographic Information Systems (HGIS) is a diverse field of research, 

with many branches of scholarship. HGIS has become a prominent part of historical 

geography, evolving as it increasingly integrates GIS and GIScience into practice. At the 

same time, newer emerging methods and technologies such as 3D data, visualization 

and spatial interfaces have the potential to further contribute to, and transform, this field. 

                                                
1 A version of this chapter has been submitted to Cartographica under the co-authorship 
of Nick Hedley and Reuben Rose-Redwood. 
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This paper summarizes the development of HGIS, trends within its body of research, 

and discusses the implications of emerging visualization and interface methods for 

HGIS. 

GIS is a well-established platform for integrating many forms of data and 

information to support spatial analysis. Its uses not only in academic research and 

professional applications, but also in broader contexts (such as infographics, maps in all 

forms of news media, and public dialogue), underscore their strength in communicating 

geographic information in many forms, and to a multitude of audiences. The capabilities 

of GIS to integrate data from many different sources (commonly referred to as GIS 

‘interoperability’) and to handle both spatial and temporal complexities of geographic 

data have led a growing number of historical scholars to adopt GIScience methodologies 

(Gregory and Ell 2007; Bonnell and Fortin 2014). Scholars have examined various digital 

approaches to study the past spatially, such as spatial history or deep mapping, though 

HGIS remains the most technically demanding method (Knowles 2014). While the field 

has been slow to form, contributions are now being made from multiple generations of 

scholars. 

Goodchild (2000) noted that these types of digital communication methods 

support multiple levels of detail, as well as the spatial and temporal variation many 

historical studies attempt to present. Much of the visualization and cognitive work in 

GIScience is informed by Siegel and White’s (1975) seminal work in the 1970s, which 

showed that people have the “tendency to transform non-spatial domains of human 

experience into a pattern or picture by a spatial interpretation or representation”; and that 

spatialization of non-spatial information facilitates memory, retrieval of remembered 

information, and solution of reasoning problems; though this is often an entirely a mental 

operation, GIScience has the capabilities to make external representations to show the 

dimensionality of the inherently non-spatial data (Kastens and Ishikawa 2006, 35). More 

recently, over the past two decades, we have seen an increase in the types of (3D) data 

that can be gathered and manipulated. A rapidly emerging vector of spatial analytical 

effort in industry and academia is the adoption and use of 3D interface technologies to 

deliver new ways to engage new forms of data. These and ongoing spatial cognitive 

research, such as the work by Kitchin and Blades (2002) in their book, The Cognition of 

Geographic Space, ground a rich sector of GIScience engaging the ways spatial 

representation, experience and communication influence perception, interpretation and 
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cognition of the phenomena we aim to characterize. In this case, our focus is 

reconstruction and interpretation of historical events and places.   

This paper has two primary objectives. The first is to explore the progress that 

the field of Historical GIS has made to characterize and communicate historical 

narratives from a spatial perspective. The second objective of this paper is to identify 

and discuss the significance of 3D spatial interfaces (virtual environments, augmented 

reality) as significant emerging frontiers for the characterization, communication, and 

experiential engagement of spatial narratives in HGIS research. A systematic review of 

pertinent literature briefly summarizes the evolution of the field of HGIS, its current uses 

in historical geography research, and the challenges in integrating historical and spatial 

approaches. First and foremost, this work is an exploration of the potential of GIS and 

GIScience to illuminate and communicate historical narratives. This paper then explores 

how advances in 3D data, digital tools and interface technologies are changing the way 

historical landscapes (and events within them) can be visualized and analyzed.  

Increasingly, HGIS researchers are wondering whether data-driven, interactive 

3D geovisualizations and geovisual interfaces add value to historical GIS research; and 

whether they are capable of expressing historical narratives in new ways, in the context 

of both analyzing historical information as well as communicating this information for 

educational purposes. An important part of addressing these questions is to identify 

emerging trends and opportunities in interfaces for HGIS, and their potential to support 

the engagement of narrative and empathy in HGIS. This is the focus of this manuscript. 

2.3. Historical GIS as a field of cartographic practice 

While GIS has been around since the 1960s, with Roger Tomlinson coining the 

term in 1968, it was not adopted by academic geographers until the late 1980s (Bonnell 

and Fortin 2014; Gregory and Geddes 2014). Though the method became widespread 

among other disciplines across the social sciences, it was archaeologists who were the 

first to adopt GIS methods, until historians began using GIS as well in the mid-1990s 

(Knowles and Hiller 2008; Gregory and Ell 2007). The potential of GIS methodologies in 

historical research was increasingly recognized, and eventually emerged as the field of 

historical GIS. While historians’ use of maps in both research and teaching in not a new 

concept, this integration of GIS enabled maps to become a research tool rather than just 
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an end product, leading to a spatially-focused turn in the humanities and social sciences 

(Bonnel and Fortin 2014; Gregory and Ell 2007; Bodenhamer, Corrigan, and Harris 

2010). 

While the term ‘spatial history’, coined by Paul Carter, became “a broad umbrella 

term for scholarship that examines human experience of social and physical space,” the 

term ‘historical GIS’ (HGIS) emphasizes GIS technology and application methodologies, 

making it more empirically focused, and giving it greater meaning in its relation to multi-

disciplinary spatial scholarship (Knowles and Hillier 2008, 4; Gregory and Geddes 2014; 

Dunn 2019). Though Knowles (2002) observes that HGIS contributes to spatial history, 

in the sense that it explores past geographies by focusing on both spatial concepts and 

spatial relationships. Due to this technological and methodological approach, early HGIS 

research focused on quantitative analysis, though newer developments to approaches 

and applications have led to increasing use of qualitative sources (Gregory and Geddes 

2014). HGIS-specific conferences in Chicago (2004), and Essex (2008) illuminated the 

growing trends is using GIS in historical research and the different directions HGIS could 

take (applied and technical perspectives) (Bonnell and Fortin 2014; Gregory and Geddes 

2014). HGIS scholars are now publishing works that focus on answering research 

questions and developing new narratives in increasingly new subject areas, as well as 

improving the technological and methodological capabilities of this approach (Gregory 

and Geddes 2014). 

This review aims to contribute to these works by examining a selection of works 

to look at the core HGIS community to discover the trending dialogue in HGIS research 

and methodologies. This review is intentionally focused to facilitate prompt and 

productive engagement of emerging interfaces as media for HGIS, while providing a 

rigorous anchor for discussion. The work described in this paper is part of a larger 

project to examine the possibilities of using 2D and 3D geovisualization, virtual 

environments, and experiential interfaces to deliver and engage users in historico-

geographic narratives. Like many historical events, spatial narratives (involving 

incomplete data, and unconventional records and anecdotes) are not easily (or well-) 

reconstructed by existing GIS platforms and conventional practice. Balancing both 

spatial analytical rigour with valid representations of these narratives is critical to 

enabling us to connect past events and contexts with the landscapes in which they 
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occurred, which are all around us, but poorly understood due to an inability to perceive 

or experience contemporary spaces through these lenses. 

The review was anchored primarily with literature from journals such as the 

Journal of Historical Geography, Progress in Human Geography, History and 

Computing, the International Journal of Geographic Information Science, Annals of the 

American Association of Geographers, and Cartographica. The rationale for this is that, 

while many HGIS developments have appeared in edited books (examples include: 

Knowles 2002; Gregory and Ell 2007; Knowles and Hillier 2008; Bodenhamer, Corrigan 

and Harris 2010; Gregory and Geddes 2014; Bonnell and Fortin 2019), the scholarship 

evident in journals exemplifies active critical dialogue and feedback across the emerging 

ecosystem of GIS in Historical Geography. The composition of literature found in this 

body of work is as informative as the absence of work that has not been undertaken or 

engaged in these venues yet. 

For discussions assessing the potential of GIS and GIScience to illuminate and 

communicate historical narratives and the growth of HGIS as a field of study, each 

journal reviewed naturally brought a different perspective to the table. While some works 

were specific in using the language of HGIS, others only implied it, leading the review to 

infer HGIS. Journals such as the Journal of Historical Geography had more specific 

insight into HGIS as a field of study, emphasizing the benefits and limitations to 

conventional GIS as an historical methodology from authors such as Knowles (2005), 

Gregory (2009; 2011), or Tierney and others (2017), and reviews on work by Bonnell 

(Black, 2015), von Lunen (Kelly, 2015), or Gregory (Richards-Rissetto, 2015), 

concerning considerations within the field. Almost all of the case studies of historical GIS 

methods reviewed were found in the journals: History and Computing (Diamond and 

Bodenhamer 2001; Wilson 2001), Geoinformatics (Moscicka 2011; Janata and Zimova 

2016), and Cartographica (Tucci and others 2010; Chias and Abad 2016). 

2.4. Key themes in historical GIS  

The literature on HGIS and its uses seems to come in two categories, the first 

focusing on describing what HGIS is and opportunities for its use as a method of 

historical discovery (about 56% of reviewed literature, of which 25% were book reviews), 

and the second focusing on more technical methodologies in case studies (about 44% of 
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reviewed literature). Of the HGIS case studies examined, around 30% focused primarily 

on ecological narratives, while around 70% focused on cultural narratives. 

Archaeological data was used in over 40% of the case studies, and the affects of politics 

were considered in about 75% of the case studies, and of religion in about 33%. As a 

collection of works, the HGIS discussion and case study publications, key themes could 

be identified throughout the literature, and are examined in the following sections.  

2.4.1. Spatial relationships 

One of the key advantages of using GIS in historical research, according to 

Gregory and Healey (2007), is its ability to “include location explicitly into an analysis, 

enabling questions of pattern and distribution to be addressed” (644). These geospatial 

techniques facilitate the exploration of spatial relationships within historical study, the 

reconstruction of past spaces and places, and the examination of both the quality and 

usefulness of historical sources (Knowles 2005). One of the most prominent discoveries 

for historians using these GIS tools is developing a more sophisticated perspective of 

the powerful tools being used—to move beyond simplistic applied use of a software tool 

that can perform basic analysis and map outputs, and understand the visible and 

nuanced implications of their use on an ability to characterize, and potentially 

mischaracterize, historical events and narratives. A significant moment in HGIS 

becoming more mindful of such challenges was integrating an understanding of 

Openshaw’s (1984) modifiable areal unit problem (MAUP), familiar to GIS scholars as a 

source of statistical bias in the spatial analysis of aggregated data with the chosen 

administrative boundaries which could have little to do with continuous geographical 

phenomena (Knowles 2005). Changes in scale or study area boundaries can 

significantly affect the results and interpretation of the analysis. However, historians and 

geographers must both deal with administrative boundaries as a necessary evil as much 

historical data is collected within these boundaries, such as censuses or immigration 

records. 

2.4.2. Layered databases 

Previously, GIS has mainly been used by historical geographers for mapping, yet 

it is important to take into consideration the database technology underpinning GIS 

methodologies. Gregory and Healey (2007) list this technology as another key 
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advantage of HGIS, as “the use of layers within a GIS database also allows data to be 

integrated from different sources and potentially different dates” (644). This allows for 

both qualitative and quantitative materials to be used effectively together, including texts, 

images, sound and video (Goodchild 2000; Gregory and Healey 2007; Knowles 2014). 

As humans use a range of senses for various methods of communication—including 

visual, auditory, tactile, and olfactory—bringing together multiple forms of data to appeal 

to these senses enables researchers to develop more engaging geovisualizations and 

reveal unknowns in ways that were not always possible for historians.   

Heasley’s study (2003) on the historical landscape of Wisconsin is a prime 

example of the different combinations of data and analyses required to unravel social 

and ecological phenomena. To make contextual concepts like land tense and landscape 

expressions of relationships between people and the land measurable for the GIS, 

variables such as property parcels and parcel status, landowner identities and 

residence, and land use were used from many different qualitative sources (e.g. 

interviews, memoirs, diaries and newspaper accounts) (Heasley 2003).  

2.4.3. Visualization techniques 

It is important to keep in mind the limitations in traditional communication 

methods, such as how the interaction between data and humans has been facilitated, or 

how the format or structure requirements of the method impose constraints on the 

communication process (Goodchild 2000). Digital communication methods can remove 

varying degrees of the traditional map constraints. Where conventional maps use only 

the visual sense, digital methods carry the potential for all five senses; where 

conventional maps must be flat, digital methods do not force projections to a plane; 

where conventional maps are static (unchangeable once printed), digital data can be 

constantly updated or transformed (Goodchild 2000). Digital maps can also be animated, 

whether that be in 2D or 3D, showing change over time in the same space rather than 

comparing multiple static maps. With almost limitless visualization and analytical 

possibilities, GIS provides historians the means to uncover trends that traditional 

methods might not be capable of showing (Diamond and Bodenhamer 2001). The 

information technology landscape is changing, creating significant potential for HGIS 

scholars, enabling them to no longer be tethered to cartographic abstraction. 



18 

The ability of GIS to visualize data “using maps and more advanced techniques 

such as animations and virtual landscapes” is the final key advantage listed by Gregory 

and Healey (2007, 639). Adoption of emerging interface technologies by geographic 

researchers are yielding new frontiers of 21st century GIS technology and methods 

(Hedley 2017). In turn, they raise and enable engagement of new techniques—such as 

using virtual environments (or virtual reality)—to create representations of landscapes in 

three dimensions (Gregory and Healey 2007). At the same time, these enabling 

technologies also introduce new theoretical territory through which HGIS practice can be 

enriched. 

2.4.4. Error and uncertainty 

GIS from its inception has looked at how error and uncertainty exist or may be 

introduced in practice. These considerations are inextricably linked to the ability for GIS 

to represent phenomena, on which interpretation and perception of historico-geographic 

narratives depend (Knowles 2005; Tucci and others 2010; Balletti 2016). Regardless of 

using conventional or emerging visualization methods, an important issue to engage in 

HGIS is the ability to identify, assess and visualize uncertainty and imprecision in 

historical data. GIScience scholars have developed an entire branch of study examining 

uncertainty and error propagation in data, leading to geovisualization approaches that 

explore data and its associated uncertainty and facilitating cross-disciplinary discussions 

(Knowles 2005; Buckley 2005).  

HGIS practitioners are increasingly able to take advantage of GIS’ ability to both 

integrate multiple kinds of data and explicitly explore both locational accuracy and data 

quality (Knowles 2005). For example, simple cartographic approaches to communicate 

error or uncertainty within GIS might use error maps with graphical variables 

representing relative uncertainty about the location of geographic features or 

phenomena (Knowles 2005). But even this attempt to communicate data quality may still 

be conceptually acritical – in that it may exert power over the portrayals of space, 

people, events and relationships (Pickles 1995; Dobson 1983). Critical GIScience theory 

provides us with lenses through which to understand more than just data quality and 

graphical symbolization, but to critically engage the veracity and bias of representation, 

and the power-effects that maps and mapping may have within specific historico-



19 

geographical contexts; as discussed in Sheppard (2005), Goodchild (2018) or 

Schuurman (1999). 

2.4.5. Narratives 

Another common discussion in the literature was that of GIS’ capabilities of 

visualizing narratives as one of the major opportunities for historical research. In 

comparison to the use of more statistical skills, GIS as a visual language requires more 

“logical thinking and spatial imagination,” empowering historians to develop spatial 

narratives (Knowles 2014, 207). Schlichting (2008) argues that rather than replace 

narrative history, HGIS requires it. Historically, cartography has always been linked to 

narratives, since maps were made by and are themselves story tellers—from historical 

maps of contested political boundaries to present day internet users geotagging places 

of personal journeys (Caquard 2013). While many historical maps show a duality in both 

visualizing scientific research and political motivations, with digital georeferencing 

capabilities, present-day GIS allows for the verification of historical data even when 

already in map form (historical maps), teasing out new narratives (Tegeler 2018). 

Caquard (2013) discusses the idea of ‘story maps’, a concept introduced by Robert 

Macfarlane in 2007 and later commercialized by ESRI, as “forms of spatial expressions 

that embody our personal experiences of the environment and contribute to creating a 

deep understanding of places” (Caquard 2013, 136). While digital methods and spatial 

analysis can reveal patterns hidden in historical data that would not be visible in 

traditional statistical methods, the GIS cannot, on its own, provide explanations, but—as 

Knowles (2008) first suggested—can enrich historical narratives (Schlichting 2008; 

Rose-Redwood 2009; Rose-Redwood and Li 2011). 

2.4.6. Dissemination 

The opportunities GIS tools provide for disseminating historical research from 

which a multitude of users can explore and learn was also a common discussion in both 

historical geography and GIScience scholarship. Simple methods of digital dissemination 

use web-based interfaces of a GIS to enable users to explore maps and data on their 

own, including functions to zoom in or out, pan around the area, turn layers on and off, 

and query the underlying data (Gregory and Healey 2007). This map-based interface 

enables the user (whether they are a scholar or not) to ask questions about the space 
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and place. Web-based collections of geospatial datasets, also known as geoportals, 

enable governments and other data custodians to maintain catalogues with “widespread 

sharing and dissemination” capabilities for users of all kinds (Goodchild 2009). Google 

Maps and Google Earth are notable examples of geoportals, with interfaces that are 

easy to navigate and query by the general public.  

Chias and Abad’s (2016) study is a compelling example of scholars developing 

geoportals for online information exchanges of cultural heritage. With the purpose of 

preserving and storing cultural information, all kinds of historical data were gathered on 

existing, ruined or missing constructions (i.e. abandoned villages) in their case study site 

of the Sierra de Guadarrama, Spain, from early texts and maps to traveller’s reports and 

itineraries. GIS methodologies were then used to recreate historic territories and 

landscapes in an open-source georeferenced multi-relational database that is accessible 

and queryable. However, as Goodchild (2009) notes, while these “mapping sites and 

virtual globes made it possible for users to implement another and potentially more 

powerful means of disseminating data…their value lies more in visualization than in 

systematic analysis” (1040). 

2.4.7. Cross-disciplinary difficulties 

There is a notable multiplicity of HGIS research vectors spread across multiple 

literatures. Schlichting (2008) notes that just as GIS was appearing in history and 

geography journals that previously might not have engaged GIS, it was being embraced 

by other fields of study such as health, environment, economics, or politics. This 

diffusion may, to some degree, explain why examples of HGIS work are so widely 

spread across such a diverse range of disciplinary outlets. HGIS scholars are, as a 

result, publishing in many different types of journals making it perhaps more difficult for 

cross-disciplinary discovery of theory and methodologies. Knowles (2014) raised 

concerns that HGIS scholars remain unaware of other scholars’ work hindering 

coherence within the field of study. A prominent belief is that the field remains largely 

under-developed due to training constraints in a full meshing of the two disciplines. 

Though the HGIS community still remains smaller than its proponents have hoped for, 

as the cross-over discipline training is not being provided and so GIS remains an 

intimidating technology (Knowles 2014). The ability for HGIS scholars from different 
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applied streams to connect may, in turn, limit interconnections and whole-discipline self-

awareness. 

There remains contrasting perspectives regarding the best approach to 

continuing the expansion of this area of research. Knowles (year) maintains that the 

focus should be on discussing the ‘why’ of GIS and GIScience rather than the ‘how’, 

while Schlichting (2008) believes that scholars could use more on fundamentals of GIS 

and discussion of software. While GIS can be a powerful tool, one cannot expect it to 

fulfil all spatial history needs on its own and must be aware of its limitations. As all 

research that includes GIS methodologies have the potential to be reorientated to a 

technology-driven focus rather than a scholarly-driven one, it is important to remember 

that HGIS itself is “not simply a tool for identifying patterns, but it is also (or should be) 

part of a more open-ended spatial approach that employs GIS for exploration and 

explanations” (Richards-Rissetto 2016, 129; Heasley 2003, Rose-Redwood 2009). 

2.5. New methods of digital representation 

Overall, encouraging discussions in the literature show that the use of GIS 

methodologies in historical research enables large volumes of seemingly incompatible 

data to be located in both time and space, and a map-based interface to explore 

geographical change over time. While this is true, historical GIS research—which by 

definition aims to reconstruct past geographic events/processes/places—faces many 

challenges to establish spatial relationships and representational validity with historical 

data, records and other multi-form information, using contemporary tools. This raises 

inescapable questions of whether it is actually possible to reconstruct these past events 

and narratives with any reasonable veracity or reliability. And whether there is more than 

one possible historical ‘truth’ out there—governed by information that exists, rather than 

by the ‘negative space’ of data that does not exist to (re)represent events that happened. 

Critical engagements with digital globes (see Goodchild 2018), for example, have 

suggested that so-called ‘smart cities’ served by volunteered geographic information 

(VGI) and location-based services (LBS) create meta-representations of the cities 

themselves (Ricker and others 2014). These contexts could easily lead to an emergence 

of mythological representations versus factual ones—in some ways resonant with Wood 

and Fels’ (1986) discussions of maps being capable of creating Barthean myths.  
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We must also ask what forms of data are being used, and how well they are 

capturing and representing the infrastructure and geometry of the phenomena in 

question. While recreating a location in time and place, is the GIS able to recreate and 

connect to past ‘places’, ‘narratives’, ‘experiences’, or ‘emotions’ of historical events? To 

date, GIS has most commonly been used for quantitative analysis. However, scholars 

have been steadily demonstrating its capability to support qualitative GIS and HGIS 

research (Knowles 2014). This capability has been clearly demonstrated by books and 

chapters focused specifically on qualitative GIS research (Cope and Elwood 2009; 

Pavlovskaya 2017), papers focusing on applied qualitative GIS (such as Garnett and 

Kanaroglou 2015), explorations of narrative in qualitative GIS (Mennis, Mason and Cao 

2013), and critiques of representation and cultural subjectivity in qualitative GIS (see 

Bagheri 2014). Researchers have argued that including photographs, narratives, or 

sound files in a GIS “embed qualitative ways of knowing, because they bear the 

contextualized and socially embedded meanings and interpretations of the people who 

created them” (Elwood 2009, 48). However, there still remains difficulties in quantifying 

social dynamics with conventional GIS methodologies, leading one to question whether 

emerging methods such as 3D or mixed reality might enable the field of study to move 

further from ‘measurable’ definitions and create a bridge to contextual expressions. With 

changes in the fundamental ways we communicate, changes in GIScience will lead to 

the development of new visualization models that better represent complex social space. 

2.5.1. Review of 3D HGIS and emerging interface methods 

Most case studies in the literature describe how conventional 2D GIS was able to 

be applied to HGIS, and many of these discussed the methodologies’ capabilities of 

uncovering narratives that would not have otherwise been seen. When it came to looking 

for research specifically on emerging technologies in GIS such as 3D maps, interfaces, 

or virtual reality (see Hedley 2015; 2017), these journals did have some works such as 

Kaskampas and others (2011) and Balletti and Guerra (2016), but otherwise case 

studies concerning 3D methods of HGIS were more difficult to find and were widespread 

between other journals like the Journal of Archaeological Science (Rua and Alvito 2011), 

Multimodal Technologies and Interaction (Saygi and others 2018), and the International 

Journal of Engineering and Geosciences (Yakar and Dogan 2018); or conference papers 

(Mirza and others 2015; Giordano and others 2018; or Herold and Hecht 2018). 
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When searching for discussions or case studies on newer emerging 

technologies, there was little to no mention of the uses of 3D geovisualizations or virtual 

environments beyond the realm of virtual tourism or virtual heritage, which are digital 

visualizations allowing for the use of web or mixed reality technologies to bring users to 

historical sites without having to leave their home (Slocum 2009; Scianna and La 

Guardia 2018). Many reviewed case studies focusing on the uses of 3D technologies 

were geometric reconstructions of past cities, landmarks or landscapes with new points 

of view to see (e.g. Lerma and Garcia 2004; Popelka and Brychtova 2011; Almeida and 

others 2016). Recent examples still tend to focus on virtual heritage, usually more within 

the realm of archeology (Woods and others 2019; Hunter and others 2019) than in 

geography.  

Many such reconstructions focus on the structure of spaces, rather than on the 

people who existed within them, or the influence structure or context might have had on 

their behaviour. This has resulted in numerous works manifesting as historical 

reconstructions that have no people in them—suggesting they communicate a narrative 

of built structures, rather than a narrative of humans in these spaces (and the nuanced 

context that comes with it). While these reconstructions are incredible examples of 

technological possibility, they emphasize discussion of technical methodologies rather 

than critical theoretical engagement of historical reconstructions, their ability (or inability) 

to capture human narratives and social context set within historical architectural spaces, 

or critique of the veracity of representation. Though more work like Scianna and La 

Guardia (2018), which used digital globe-based applications, are showing possibilities of 

public interaction, connection of more physical and cultural information, and uses of 

types of technology like augmented reality (AR) for more in depth comprehension and 

site specific learning. More in depth discussion on these mixed-reality and interface 

technologies in research and education in geography and history can be found in works 

such as Hedley and others (2002), Lonergan and Hedley (2014), Kysela and Storkova 

(2015), and Hedley (2015; 2017).  

2.5.2. Opportunities in HGIS 

The rapidly maturing world of emerging interface technologies, such as virtual 

reality (VR), augmented reality (AR), and 3D modelling techniques are creating new 

opportunities for HGIS methodologies—many of which have yet to be fully or rigorously 
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tapped into. With these new technologies it is important to remember scholarly-driven 

perspectives and not create 3D models simply for their own sake. The opportunities of 

the new technological constructs allow us to examine the ‘topologies’ of HGIS, looking 

deeper into spatial relationships in both time and space, and adding new dimensionality 

to the historical subjects. However, where virtual environments have been presented as 

alternatives to the real world, these types of technologies are providing a means to 

mediate the interaction “between human and geographic reality” (Goodchild 2000, 352). 

While geographers have steadily been exploring the potential of immersive virtual 

environments for some time, the realm of augmented and mixed reality interfaces 

suggest altogether new modes of geographic information use and communication in the 

near future (Hedley 2015; 2017). 

While there has been research into the idea of using virtual reality for educational 

purposes, such as the work by Winn in the late 1990s (1993; Winn and Jackson 1999), 

the use of 3D modelling for engaging audiences in a discussion of the spatial and 

temporal changes of historical phenomena appears to have become more prominent in 

the last decade or so. While the works reviewed in this paper are similar in their goals for 

discovery and communication of historical research, their uses of 3D GIS methodologies 

and web dissemination opportunities appear to be quite varied. Of the 3D GIS case 

studies examined for this review, over 80% were 3D modelled buildings or cities, and 

about 75% were cross-disciplinary with archaeology. There also seemed to be strong 

themes in the intended purpose of these works, with about 20% of case studies focused 

on research analysis capabilities, about 50% focused on the preservation of historical 

data, and about 30% focused on public immersion and exploration. 

The capabilities of new 3D modelling and simulation technologies and 

methodologies have enabled researchers to produce more in-depth analyses and 

interpretations of historical change over time that were not previously possible. These 

case studies focused more on research and discovery rather than public dissemination 

or communication, and on a single object or construction physically changing over time 

rather than human narratives. For example, Rua and Alvito’s (2011) work used 3D 

modelling and virtual reality methodologies to develop multiple simulations of a 

reconstructed Roman villa for testing and analyzing theories for historical scenarios, 

merging architectural history and virtual archaeology fields of study. Another study by 

Hunter and others (2019) used archaeological and laser scanning surveys to develop a 
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method of using archival photographs to generate 3D models to create multiple time 

periods of a former Australian warship’s life to identify subtle changes in the hull over 

time that were not discernible in existing resources. 

The underpinning database of GIS methodologies and its ability to record change 

over time remains HGIS’s greatest strength when moving towards newer digital 

representation technologies. For example, Yakar and Dogan (2018) used GIS and 

photogrammetry methods of historical monuments in Turkey for the purpose of digital 

documentation and virtual preservation of cultural heritage. Kaskampas and others 

(2011) developed a 3D database of buildings in the old city centre of Athens, Greece, 

which were owned by the Ministry of Culture. The most prominent focus of the case 

studies reviewed was the use of 3D modelling and web-based methodologies to create 

historical GIS databases for representing, archiving, and managing the evolution and 

change of historical constructions and architecture over time to benefit urban history, 

cultural heritage research and educational use (Balletti and Guerra 2016; Saygi and 

others 2018; Giordana 2018; Herold and Hecht 2018). 

With these new methods of digital representation, 3D models and historical 

databases can become user-centred, creating virtual spaces that enable audiences to 

experience and explore an historical landscape. These case studies bring together the 

3D modelling and simulation of HGIS research with a focus on user-interface design. For 

example, Almeida and others (2016) built a 3D model of the historical city of Leiria in 

Portugal, creating a virtual tour of the alleyways to involve users in heritage preservation 

with dissemination of the recorded historical information. Similar to this work, Lerma and 

Garcia (2004) and Popelka and Brychtova (2011) also reconstructed historical cities with 

cultural heritage information displayed through interactive viewpoints and virtual tours. 

More recently, Woods and others (2019) built a virtual reality simulation of Beacon Island 

in Australia to preserve and experience the narrative of the historically significant island, 

known for the shipwreck of the Batavia. 

These case studies provide further understanding of how 3D visualizations have 

created a means for bringing archaeology and cultural history to ordinary internet users 

in more engaging ways. This melding of cultural history and virtual reality methodologies 

is now being referred to as virtual heritage (Slocum 2009; Scianna and La Guardia 

2018). As Scianna and La Guardia (2018) explain, “virtual environment representations 
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allow scholars, tourists and other stakeholders to visit cities, monuments, places that 

would be inaccessible in reality” (171). Though there are many 3D models of historical 

buildings or landscapes being published, they raise many questions in terms of historical 

pedagogy, such as: how are these models being disseminated to audiences? How are 

they being explored? How are they enabling interactivity with the users? With little to no 

references to more mixed reality options, are these ‘virtual’ cities simply web 

opportunities? Or do they imply a fundamentally different experiential proposition? What 

about full head-set immersion in the virtual environment? Most case studies were 

located in one place and time (or time period), but what about travel to other locations or 

times within the model? 

2.6. Conclusion 

This review synthesized geography, HGIS, and geovisualization literature to 

investigate the evolution of the field of HGIS, the ability of GIS and GIScience for 

uncovering and communicating historical narratives, and the application of GIScience 

methodologies in historical geographic research; identifying key themes within the 

discussions of HGIS and the opportunities it creates as a method of historical discovery. 

It is clear that GIS can be a useful tool for enabling historians to analyze their research in 

new ways, adding spatial characteristics to traditional statistical methods, and enabling 

discovery and communication of historical narratives. However, the diversity of topics 

GIS is applied to creates difficulties in discovering current work of this cross-disciplinary 

nature and makes advancement of the field slow. With nearly two decades of research 

and the fast-improving communication, mixed-media, and mixed-reality technologies, the 

field could be more developed than it is, with a broader variety of types of analyses and 

technological methodologies. With most of the literature from the perspective of human 

geographers or historians, perhaps the discipline would benefit from more literature from 

GIS practitioners on the subject of HGIS.  

This review also explored how advances in digital tools are changing the way 

historical landscapes can be visualized and analyzed, engage with human narratives, 

and communicate this information for educational purposes. The literature highlighted 

the ability of HGIS in communicating and revealing narratives as one of its major 

benefits, creating a need to examine in depth how well the collaboration between social 

science and GIS captures and connects with real spaces and narratives of historical 
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events. The use of 3D (or even 4D) geovisualization and interface methods and 

technologies, such as web-based interfaces, virtual environments, or augmented reality 

applications, creates a stepping stone to immersive experiences, with the potential to 

deliver HGIS experiences that connect us with emotional and amorphous characteristics 

of historical issues. Giving audiences the ability to independently explore experienced 

spaces and events of cultural narratives has the potential to provide them with a stronger 

perception of the issues. While historians might be more comfortable with narratives 

rather than visualizations, HGIS inherently melds these concepts together in the 

association of data and place and the discovery of meaning within maps.  

Through this review and discussions of GIScience, HGIS, and advances in 3D 

geovisual interface technologies in these distinct and somewhat disconnected 

literatures, it is our hope that this work can stimulate cross-disciplinary training and 

collaboration to increase contributions with rigorous spatial approaches to historical 

research, growing the HGIS community that still remains smaller than its proponents 

have hoped for. By developing geovisual interfaces to enable interaction between 

humans and geographic reality, we can facilitate strong spatial knowledge transfer to 

audiences, connect them to narratives and in geographic spaces in new and engaging 

ways, and provide opportunities for them to create their own experiences and 

relationship with data.  
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Chapter 3. Spatial interfaces as agents of narrative 
and empathy for experiential HGIS 

3.1. Abstract 

Twenty-first century technological advancements have the potential to support 

intersections between social science and Geographic Information Systems (GIS) as well 

as GIS and emerging geovisual interface technologies. These converging methodologies 

are enabling researchers to capture and connect audiences in ‘narratives’, ‘experiences’, 

or ‘emotions’ of past events and places. The use of interactivity, and online and mobile 

methods of visualization in cartographic design, are changing the way critical historical 

events can be represented. Spatial interface and mixed reality technologies have the 

potential to deliver immersive experiences that enrich empathic engagement and 

historical narratives in GIScience. This paper explores these emerging technologies as 

opportunities in historical geographical information systems (HGIS) scholarship and 

historical pedagogy. A set of working prototype applications were developed to 

investigate the ability of these technologies to mobilize HGIS and social narrative 

research, and enable interaction between humans and geographic reality in ways they 

would not find elsewhere in everyday landscapes. These applications include an online 

story map, an immersive virtual environment, and a tangible augmented reality 

application, each focused through the lens of the narrative of Japanese Canadians 

during the mid-twentieth century. The paper then reflects on the limitations, 

opportunities, and affordances of these collaborations of critical GIS, interface and 

interaction design methodologies for delivering spatial and emotional immersion, and 

communicating and engaging audiences in historical geography and social injustice 

narratives. 

3.2. Introduction 

Historical GIS (HGIS) is an evolving field of study that has become a prominent 

part of historical geography with its integration of geographical information systems 

(GIS) and GIScience in historical research. Advances in digital tools such as 3D data, 

visualization and spatial interfaces are changing the way critical historical events are 

being represented. Limitations still remain in the ability of conventional methods to 
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capture/reconstruct and engage audiences in ‘narratives’, ‘experiences’, or ‘emotions’ of 

past events and places. Interactive geovisual interfaces have the potential to be the 

instruments for maintaining cultural/societal memory. This paper explores emerging 

interface technologies as potential opportunities in HGIS scholarship and historical 

pedagogy, and discusses their ability to afford unique experiential and empathic 

engagement with historical narratives in geographic space.  

Geographical information systems are, to a large extent, quantitative tools that 

are effective at assembling and integrating data into a common spatial and geometric 

frames of reference. In doing so, they characterize phenomena through data and 

attributes. While they are capable of representing people as census distributions, retail 

transactions in space, or paths followed using data from mobile device-based 

running/cycling applications, it could be argued that GIS are less capable of capturing 

the nuances of historical narratives and lived experiences for empathic engagement. 

This kind of ‘vernacular GIS’, as described by Alexi Baker (2013), uses descriptions from 

an environment’s contemporaries and relational points of view, allowing audiences to 

experience the events as they were described and understood by those who were 

directly (or indirectly) affected by them (Knowles 2014). It is these kinds of data 

characterizations that help to uncover hidden meaning and transform the perception of 

everyday space. Knowles (2014) notes increasing qualitative engagement of GIS in 

HGIS research, yet the potential of GIS (in their current, mainstream form) to richly 

capture narratives remains primarily underdeveloped.  

This paper explores the frontier of immersive experience, and its potential to 

enrich empathic engagement and historical narratives in GIScience. We discuss how 3D 

geovisual interfaces can be powerful platforms for mobilizing HGIS and social narrative 

research similarly and differentially. To truly understand this, we developed working 

prototypes across a range of interface technologies, each focused on imparting the 

narrative of Japanese Canadians during World War II. This paper questions the scope, 

limitations, and opportunities for these emerging technologies to deliver spatial and 

emotional immersion. Finally, the paper will conclude with a critical reflection of the 

methodologies and technologies used for communicating and engaging audiences in 

historical geography and social injustices, demonstrated with this set of prototypes 

designed to capture and communicate the narratives of Japanese Canadians. 
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The use of GIS methodologies with emerging technologies creates platforms 

which balance scientific evidence and narratives to deliver immersive experiences, 

illustrated in this work through the development of an interactive online story map, an 

immersive virtual environment, and a tangible augmented reality application. Each 

application, providing varying degrees of interactivity, transforms conventional data to 

new forms of rich mixed-media representations. With digital interactivity, the map reader 

becomes the map user, actively participating in the creation of these representations in a 

way “that best supports his or her use context” (Roth and others 2017, p. 62). Geovisual 

interfaces have the potential to be effective pedagogical tools. Enabling interaction 

between humans and geographic reality facilitates strong spatial knowledge transfer to 

audiences, connecting them to the narrative and the geographic space in ways they 

would not find elsewhere in everyday landscapes. By creating and comparing these 

prototypes, this work presents a critical theoretical engagement of conventional-to-

emerging spatial technologies and their relative agency as knowledge capital and 

empathy machines (a concept which explores the ability of virtual reality to cultivate 

empathy). Though, whether VR is truly capable of this is under contention, with 

researchers arguing the difference between sympathy and true empathy (Bollmer 2017; 

Ramirez 2018; Herrera 2018). 

3.3. Exploring intersections between social science, GIS 
and emerging technologies 

Twenty-first century technological advancements have supported the use of 

interactivity, and online and mobile methods of visualization in cartographic design, 

increasing multi-disciplinary influences and creating cartographic transformations in both 

the literal and unconventional sense (Roth and others 2017). Researchers have 

produced a range of technology-driven works on the combination of devices and 

interaction design to achieve varying degrees of user immersion in the cartographic 

context (Maceachren and Kraak 1997; Cartwright and others 2001; Koua and others 

2006; Slocum and others 2010; Hedley 2015; Kersten and others 2017; Roth and others 

2017). While both spatial and emotional content are capable of inducing varying degrees 

of immersion, narrative is a powerful ingredient, which if used well, can heighten and 

maximize users’ engagement and sense of presence (the feeling of ‘being there’) in 
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immersive visualization experiences (Duarte and Pinheiro 2016; Zhang, Perkis, and 

Arndt 2017).  

These technologies have not been used in GIS to a large extent, though this is 

changing as researchers increasingly acknowledge their geospatial capabilities. With 

current mixed-reality research and development primarily emphasizing spatial immersion 

and experience, HGIS presents an opportunity for incorporating human experience 

within geospatial technologies as well, using a geo-narrative approach to enrich 

representation and understanding of the interaction and emotional connection between 

people and their environment (Mennis, Mason and Cao 2013). The following sections 

introduce the spatial interface platforms examined in this research, and describe their 

opportunities for delivering powerful narratives in ways that enrich HGIS scholarship. 

3.3.1. Geoweb/online geospatial technologies 

The geoweb has emerged as a powerful medium to characterize and 

communicate human activity. The term ‘geoweb’ describes the merging of geographic 

information with internet-based services, emphasizing user interactivity. Some examples 

of this include mapping services/applications, such as OpenStreetMap (OSM), Google 

Maps or Google Earth, and user-generated content, such as modes of volunteered-

geographic information (VGI) (Elwood 2010; Elwood and Leszczynski 2011; Leszczynski 

2012). In a way, other scholars have looked at VGI, or other online services such as 

social media platforms (for example Twitter or Facebook), as data sources and 

examples of vernacular GIS. Baker (2013), in particular, has pointed out that informal, 

social media-based depictions of human narrative operate as a purposefully imprecise 

approach to GIS, with their ability (and the human use of them) to capture their lives as 

well as document and communicate their lived experiences. With the ability to store, 

catalogue and access internet content through geographic and location-based 

frameworks, the potential of interactive online maps has advanced cartographic 

processes of knowledge production (Haklay and others 2008; Elwood 2010; Roth and 

others 2017). It is significant, then, that ESRI has looked into these visual media and 

social information platforms as a way to begin infusing conventional GIS with narrative. 

Alongside their ArcGIS Online application, ESRI (2019) has developed an online 

platform called Storymaps for authors to combine interactive maps and multimedia 
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content (photographs, text, videos etc.) to create immersive stories easily published and 

shared. This ‘story maps’ approach, first introduced by MacFarlane in his book The Wild 

Places (2007), explores the narrative potential of maps as spatial expressions 

embodying personal experience and enabling deeper understanding of space and place 

(Caquard 2013). The experiential aspect of this approach acknowledges researchers’ 

need to create geovisualizations that are emotionally charged (Caquard 2013). The 

development of interactive, online story maps presents an opportunity to connect users 

from around the world to the digital representation of heritage from the comfort of their 

own homes, with an intuitive geovisual interface that guides users through a spatial 

narrative. However, while online geovisual platforms are effective for making digital 

content accessible to a broad and far-reaching audience, these types of interfaces are 

not that different from books or posters, presenting information on a page for users to 

browse. Moving to more mixed-reality interfaces offers the ability to enhance the 

interactivity and experience of the information in new forms of simulated space. 

3.3.2. Virtual reality/environments 

More immersive methods, such as virtual reality or virtual environments, have 

enabled cartographers to examine varying degrees of user engagement and experience. 

The term ‘virtual reality’ (VR) refers to the interaction or experience of computer-

generated simulations of environments by users via human-interface technology such as 

head-mounted displays (HMDs) and tracking devices (Coates 1992; Hedley 2015). 

Virtual environments (VEs) are typically in three dimensions, and can be real, imagined 

or abstract spaces that users are able to navigate or interact with from a real-time user 

controlled point of view (Bishop 1994; Slocum and others 2010). While these 

environments are primarily experienced visually, they are becoming more multi-sensory 

as technological innovations add spatialized sound and touch. Tracking devices placed 

around a room and in control devices delineate a maneuverable space, and register the 

user’s physical movement to the virtual space. These capabilities, when combined with 

head-tracking in the HMD, and rigorous user-interface design, create an environment 

users can explore with their natural sensory perceptions, minimizing awareness of the 

system (Slocum and others 2010; Hedley 2015). The nature of this technology is highly 

interactive and immersive, leading to a strong sense of presence that cannot be found in 



40 

desktop applications (computer program interaction with mouse or keyboard) (Hedley 

2008). 

Unlike traditional maps which are often stand-alone products, VEs are multi-

media constructs that are elements of an information or analytical package (Slocum 

2001). The capabilities of this technology allow for the creation of environments that 

meet the needs of the researcher’s intended purpose. The level of detail, or degree of 

realism or abstraction, in the digital information brought in is dependent on whether the 

approach to the representation of phenomena is perceptual or cognitive (Slocum and 

others 2010). This has led to the use of VR and VEs for a wide variety of studies, 

creating virtual cities, simulations of water, forest, or mining processes, and even virtual 

field courses. Recreating these geographies in an immersive virtual space engages 

users with the data in new ways, offering the kind of knowledge that comes from first-

hand experiences (Winn 1993). Using VEs can help users to understand and explore 

phenomena that may not be directly accessible (such as underwater, or objects of the 

past), rescale objects or processes in both time and space, quality check geometric 3D 

data models, and increase engagement of pedagogical activities (Slocum and others 

2010; Kersten and others 2017; Markowitz and others 2018).  

 
Figure 3-1: Virtual reality technology 
Using virtual reality technology head-mounted displays (HMDs) and controllers (shown on left), 
users can generate virtual worlds from actual spatial data and narratives, allowing first-person 
exploration of virtual cityscapes, and novel but meaningful interaction with the data - such as 
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annotating the buildings of data-reconstructed 3D streetscapes, with the knowledge capital of 
recorded narratives (right). 

The development of immersive VR presents opportunities to change and 

transform the way we understand narrative and empathy as well. The user is placed 

inside the story, either represented as a linear timeline or as scenes of a series of 

historical events, allowing their own movement, attitude and inquisitiveness to become 

the drivers, with the interface and environment offering narrative cues to capture the 

user’s attention (Markowitz and others 2018). Since the 1990s, there have been many 

interesting and sophisticated pieces of VR that involve narrative. As Brenda Laurel 

(1994; 2004) has shown in many of her works, using metaphors or motifs from staging 

plays or other storytellers to present and guide narratives in VEs enables users to 

become a part of the place they are visiting (whether it is real or imagined), creating 

powerful experiences. 

3.3.3. Augmented reality 

Where the geoweb is set firmly in reality, in the conventional medium of desktop 

or mobile device-based computing, other spaces of digital information experience and 

interaction exist. We have already described virtual environments (VE) as alternate 

digital spaces where all content is virtual, where the entire space and experience can be 

crafted from data, or imagination. Virtual reality can also be thought of as virtuality. 

Between the extremes of reality (as we know it) and virtuality lies a fascinating middle 

ground, that of mixed reality. Milgram and Kishino (1994) proposed a conceptual 

architecture to help us understand that a realm (or multiple realms) of experiential 

possibility could exist if one combined real and virtual content in varying proportions (Fig 

2). 

 
Figure 3-2: The reality-virtuality continuum 
A conceptual framework for the relationship and middle ground between real and virtual space. 
Milgram and Kishino (1994) argue that in addition to the constructs of reality and virtuality, there 
exist a continuum of interface permutations, each a function of different proportions of real and 
virtual content. Hence the umbrella term, mixed reality. Two key classes of mixed reality interface 
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can be differentiated. Augmented reality - predominantly real world augmented with virtual digital 
content; and augmented virtuality - predominantly virtual augmented with live feeds and content 
from the real world. 

Augmented reality (AR), specifically, is a class of interface that combines virtual 

content with predominantly real-world spaces. When done well, humans’ experiences of 

everyday spaces are transformed with virtual digital content, merging the real and virtual 

into a realm of mixed reality (MR) (Fig 2) (Azuma 1997; Shelton and Hedley 2003). This 

construct is most commonly achieved by superimposing digital content on real 

landscapes, requiring the presence of tracking of physical space, registration of digital 

objects to physical space, and the ability to render those registered objects to the 

tracked spaces. This can be done with a variety of devices (such as a tablet with a 

camera), transforming devices from a display one looks at, and into a ‘lens’ or ‘window’ 

through which users can view and interact with virtual objects in a real environment in 

real time (Lonergan and Hedley 2015; Hedley 2017). These constructs can take several 

forms, depending upon where they are used, how they are manipulated, and their 

relationship with physical space. Mobile or situated AR, which uses mobile device 

location-based services to bring data into the field, and tangible or tabletop AR, which 

uses physical markers that users can control and manipulate (such as cards, book 

pages, posters (Fig 3), or turntables) (Hedley 2017; 2018). These methods offer 

opportunities to develop several narrative processes. One that enables users to interact 

with a space as it exists in the present, while simultaneously exploring a series of 

historical moments, and one that enables users to interact with the narrative content, 

extending the story off the page. 
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Figure 3-3: Augmented reality in the classroom 
A poster on the wall in a classroom becomes a 3D augmented reality globe when used as a 
target image and viewed through a smart device, bringing the ‘world’ into everyday spaces of 
learning and research (Hedley 2018, fig. 14, p 366; with permission). 

Where VR is a space designed for users to go ‘into’, AR splices real and virtual, 

presenting an opportunity for researchers to bring digital datasets into physical space. 

There are two main reasons we may want to do this from a geographical standpoint. 

One is to essentially bring data into everyday space to view it, a powerful ability because 

of its proprioceptive qualities (Shelton and Hedley 2003). While one can create anything 

(real or abstract) in VR with control of all pixels, users’ orientation and sense making 

abilities are at the mercy of the world they are surrounded by. While it may be possible 

to have an engaging experience, there may not be a good frame of reference for what 

was just seen as well as what the dimensions and properties of the space are. Bringing 

the same digital content from VR into the real world using AR enables the ability to view 

the whole context with the real environment providing spatial orientation. The other 

reason the use of AR is powerful for this work is the ability to see other realities, to view 

other times that have perhaps come and gone. An historical event happened but cannot 

be seen because reality has moved on in time. For example, a crime such as personal 
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violence on the street occurs and the police or ambulance respond, but after an hour or 

two the event is gone with little to no evidence left to indicate anything happened there. If 

these spaces, narratives or events can be rigorously reconstructed digitally, situated AR 

provides the ability to locate and view them in real space.  

Milgram and Kishino’s (1994) virtuality-reality continuum provides us with a 

valuable conceptual architecture with which to anchor an exploration of the opportunities 

of emerging interfaces for HGIS and narrative. It does more than simply provide a 

context for different forms of interface technology. Considered carefully, it is a continuum 

of experiential possibilities, between people, digital information visualizations, and 

space. These spaces can be real or virtual, the visualizations can be immersive and 

enveloping, or be brought into reality, and spliced with everyday spaces. The point here 

is that these experiential possibilities might have significant potential to connect us in 

spaces of the present to spaces of the past. Immersive virtual worlds might allow us to 

transport ourselves to engaging and encompassing reconstructions of the past, to view, 

walk around, and observe past spaces now missing from the present. Or perhaps we 

need to recode spaces of the present by being able to fuse digital reconstructions of 

historical narratives of social injustice – with the everyday physical spaces we walk 

through in the present. In order to begin to understand these potentials, direct 

experience is needed with working prototypes, developed for HGIS and historical 

narratives, as a basis for engagement and discussion of their potential. 

3.4. Pursuing opportunities to experience human narratives 
through HGIS interfaces 

These digital platforms give us a way to ‘see’ these other realities, to bring them 

back into everyday context for users to engage with empathically. With these 

capabilities, it begs the question of whether these mixed-reality mechanisms have the 

potential to influence audiences’ feelings and experiences of the historical event or the 

landscape it took place in (about the content when delivered this way)? Do they have the 

ability to ‘recode’ the space? These enabling technologies each offer new opportunities 

to create experiential, emotional, narrative rich spaces of empathic potential. Their 

greatest potential is in the transformative relationships and experiences with digital data, 

which in turn have the potential to transform our relationship with digital 
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characterizations of human narratives and lived experiences in any place or time, be that 

recoding our perception of an environment/space, or creating visceral experiences. 

Studies using these methods in HGIS and 3D geovisualization literature have 

rarely implemented multiple interface systems for the same HGIS context, usually 

addressing one platform at a time. These works, while incredible reconstructions of past 

cities, landmarks or landscapes (such as Lerma and Garcia 2004; Popelka and 

Brychtova 2011; and Almeida and others 2016), have primarily focused on 

representing/recreating past structures and landscapes, and communicating a spatial 

narrative, but without the addition of people within these spaces, the nuanced context of 

human experience is missing. However, recent works such as Scianna and La Guardia 

(2018) consider the technological possibilities of geoweb, VR, and AR applications for 

increasing public interaction with data, connection of more information (both physical 

and cultural), and in-depth comprehension and site specific learning.  

The preceding sections introduced trends in HGIS research and attempted to 

unpack emerging technologies. Significantly, we aim to point out that emerging 

technologies are far more than novel devices. We believe that their true value is to 

consider them as experiential propositions - approaches that encourage users to 

become actively involved with data and geovisualizations, creating unique, situated 

learning experiences. It is for this reason that it is imperative to directly explore their 

potential. To this end, a set of prototypes were built specifically to serve a project about 

social injustice and the communication of historical narratives. Implementing interfaces 

with HGIS in mind is a first step towards evaluating their potential, by considering them 

from an interface affordances standpoint. We therefore built three distinct interactive 

interface prototypes (an online story map, an immersive VE, and a tabletop AR 

application), all focused on engaging and delivering historical spatial narratives of social 

injustice experienced by Japanese Canadians during World War II. 

3.4.1. Landscapes of Injustice 

Landscapes of Injustice (LOI) is a SSHRC-funded, Canada-wide, multi-

institutional study researching the issue of the relocation, dispossession, and 

segregation of Japanese Canadians during World War II after the Canadian government 

implemented the War Measures Act in 1942 (Landscapes of Injustice 2017). The forced 
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sale of property and removal of communities led to the complete loss of historic 

Japanese Canadian neighbourhoods and the subject of dispossession remains a largely 

unexplored part of Canadian history. One of the biggest challenges for LOI is 

communicating this history to Canadians in a way that elevates their awareness of the 

events that happened all around Canada, in everyday spaces used today, and which 

educates them about the issue of Japanese Canadian dispossession. Conventional 

spatial analyses and geovisual representations can be useful tools to understand the 

changes to these ethnic enclaves over time. However, digital maps derived from spatial 

analyses can often fail to capture and convey the experiences of dispossessed 

Japanese Canadians.  

Typical outputs of the LOI project include spatial data and analyses, recorded 

interviews, collections of historical documents (property ownership and community 

records documents, photographs), textual narratives and conventional maps. The LOI 

Research Collective georeferenced and digitized historical fire insurance maps (FIMs) 

pre- and post-internment for LOI’s main study site, the Powell Street neighbourhood 

(PSN) of Vancouver, British Columbia (Fig 4), and created a spatial database of 

information obtained from these maps. This database was used to spatially link other 

sources from the research project such as land titles and community directories, which 

link the buildings to data such as ownership, ethnicity, and property values for analysis. 
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Figure 3-4: The Powell Street Neighbourhood (PSN) Study Area 
The Powell Street neighbourhood (PSN) study area, located in Vancouver, BC (from the LOI 
Research Collective 2016). Historically known as Nihonmachi or Japantown, the community is 
“bounded by Gore Avenue to the west, Alexander Street to the north, Heatley Avenue to the east, 
and the lane north of Hastings Street to the south” (Heritage Vancouver 2017). LOI expanded the 
study area to the north, east and west to capture those who lived/owned properties on the edges 
of the community. The area is now known as the Downtown Eastside. 

The small size of the study area (smaller than a census dissemination area), and 

the nature of the data available, made geo-statistical methods of ethnic clustering 

analysis and dimensions of segregation difficult. To adequately visualize changes to the 

enclave over time, LOI collective data was mapped in both 2D and 3D perspectives, as 

well as animated (GIFs) to enable viewers to easily view change over time without 

having to seek out or switch between mapped years. However, these animations are still 

essentially conventional static maps, unchangeable once created and unable to be 

explored beyond what is visibly shown. While the GIS connects the buildings and 

properties to community attributes, enabling researchers to examine the neighbourhood 

change from several perspectives, these databases and more conventional GIS outputs 

are not as easily interpreted or accessed by public audiences. 
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LOI aims to produce material for elementary and high school curriculum as well 

as interactive websites and traveling museum exhibits. The historical GIS research 

needs to be presented in accessible, interactive 3D geovisualization applications that 

incorporate multiple perspectives and develop an engaging narrative of injustice 

throughout the interface. The LOI project and the PSN study area provided this research 

the ideal opportunity to develop and assess various technological methods of 

experiential GIScience and their abilities in capturing historical narratives of social 

injustice and transforming our understanding of everyday space. 

3.5. Implementing a repertoire of HGIS interfaces 

Using a combination of GIS methodologies, GIS and game development 

software, and a 360-degree camera, we created several prototype applications 

leveraging LOI research, which include: 1) a web-based multimedia story, 2) an 

immersive virtual environment, and 3) a tabletop AR version of LOI’s 3D GIS analysis. 

The workflows were developed to deliver experiential and situated narratives of social 

injustice, without compromising geographical data and focus. 

3.5.1. Story map application 

A spatially and temporally rigorous web-based application was developed as a 

repository of the LOI collective visualizations, and configured into a timeline of events to 

guide users through the Japanese Canadian narrative. Using ESRI’s Storymaps 

application, multi-media content was organized into a linear storytelling model with 

interactive map sections that enable users to explore and manipulate PSN data on their 

own. The interactive maps were made by bringing shape files of quantitative 

neighbourhood attributes (such as building use, or ethnicity of property owners) into 

ArcGIS Online and locating them on a present day base map, turning them into loadable 

map layers that could be inserted into the story map. 

The story map situates the audience in the narrative using textual information, 

historical photographs, 2D and 3D perspective maps, and a time-series animation (Fig 

5). Users follow the movement of Japanese Canadians through time with 

geovisualizations from multi-scalar perspectives in an overarching storyline, following 

Japanese Canadian transpacific migration between Japan and Canada, movement 
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within British Columbia between developed enclaves and internment camps, and the 

socio-economic changes in the PSN. This application can be shared as a web-link or 

embedded within other webpages, and requires a computer or smart device with an 

internet connection. 

 
Figure 3-5: Story map prototype application 
Story map prototype media includes a textual timeline directing the narrative, with historical 
photographs, 2D and 3D maps, and interactive maps. 

3.5.2. Immersive VE application 

A 3D data-driven virtual reality environment combined 3D PSN building models 

with the GIS database and additional multimedia, to place users onto the virtual streets 

of the study area and enable them to explore the spatial data in a more personal context. 

The VE application was developed for use with the HTC Vive system, which includes a 

headset, controllers and base stations with precise SteamVR tracking. Headphones 

attached to the HMD enable the inclusion of spatialized sound. The VE itself was built 
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using the game engine software Unity, with its SteamVR package, to create a simulated 

3D neighbourhood with easy to use VR game controls to select objects and move users 

around the space. Using ArcScene and the 3D modelling software Blender the digitized 

buildings shape files for each FIM year were converted to 3DS files, allowing each year’s 

buildings to be imported to Unity as a single parent object, with each individual building 

as children objects. This workflow ensured the topology of buildings was maintained 

when positioned within the VE, and the GIS database was related to each building (Fig 

6). A 2D present-day map of the study area acted as the ground plane, providing an 

outline of the neighbourhood blocks. 

 
Figure 3-6: Historical maps to 3D virtual neighbourhood 
Workflow from fire insurance maps (FIMs) (Top Left) to digitized building footprints (Bottom Left), 
extruded to 3D according the number of storeys listed on the FIMs (Top Right), and packaged 
into 3D models imported into Unity to create the virtual PSN (Bottom Right). 

While the structure of the neighbourhood is abstracted (extruded from digitized 

building footprints), objects including trees, street signs, people, a baseball diamond 

(defining Oppenheimer Park), and a Japanese Arch (placed at Hastings St and Main St 

for a celebration in 1912), added varying degrees of realism to enhance the spatial and 

historical narratives (Fig 7). Using the street signs helps users navigate the VE as they 
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would in reality, and the inclusion of general urban sounds (such as people walking and 

talking, or birds) further improve the sense of presence. The application starts the user 

at an information sign that provides instructions on navigation and use of the 

environment, and an introduction to the narrative timeline, including toggles to select the 

year to be viewed. Additional media, including textual information, historical 

photographs, and 360-degree videos, can be viewed by selecting interactable objects 

(highlighted in blue when the controller moves over them) (Fig 8). The 360-degree video 

was filmed during a walking tour of the PSN led by Dr. Audrey Kobayashi in 2018. 

Embedding the 360-degree video portals in this application served several purposes; 

first, due to the large area to explore, the virtual walking tour provides a path the users 

can follow, and second, by placing the portals at the virtual locations corresponding to 

their locations in reality, users are able to ‘step through’ the simulated space to the ‘real’ 

neighbourhood and join the expert-led tour as if they were physically there (Fig 9). This 

method requires a computer with a SteamVR set-up, an HTC Vive system, and a large 

enough space for users to move around comfortably. 
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Figure 3-7: Objects used to enhance VE realism 
Objects found in ‘real world’ urban spaces were placed within the virtual environment to improve narrative 
presence. These included street trees (top left, street and information signs (top right), a baseball diamond 
in Oppenheimer Park (bottom left), and a Japanese-Arch similar to the one placed in 1912 (bottom right). 
Silhouettes of people were included to show population and human presence within the community while 
abstracting (historical or period-dress) appearance and representation of ethnicity (top right). 
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Figure 3-8: VE multimedia 
VE prototype media includes GIS data (building models and attributes), signs, and information 
icons indicating historical photographs or 360-degree videos. Note that the VE prototype not only 
delivered an immersive virtual experience of reconstructions of the PSN (the ‘virtuality’ end of 
Milgram and Kishino’s (1994) continuum), but also provided the capability of ‘augmented 
virtuality’ - by allowing users to use a portal (the sphere with “360” on it), to step from the 
immersive entirely synthetic VE, and into a 360 VR experience of the real neighbourhood, as part 
of a walking tour. 



54 

 
Figure 3-9: 360-degree video in VE 
360-degree video snap-shots of a PSN walking tour with Dr. Audrey Kobayashi were placed 
around the virtual environment in the corresponding ‘real’ locations in which the videos take 
place. The top images show the capture of the 360-degree view, while the bottom images show 
the virtual street corner (left) where the video was taken on the physical street corner (right). 
Selecting the 360 sphere transports the user from the virtual space to the ‘real’ location. 

3.5.3. Tangible AR application 

The AR prototype was developed as a tangible method of delivering LOI 

research to the palm of a user’s hand, using the interface to connect spatial layers of 

data to a movable image, and allow users to view the PSN from multiple angles rather 

than a set perspective. The application was built using Unity and Vuforia, 3D PSN 

building models, and 2D maps of the study area and its accompanying quantitative 

attributes. The AR interface includes buttons to select the represented years and 

variables (such as building use or ethnicity of property owners), and a slider which 

enables users to change the models’ size (Fig 10). Physically moving the device around 

the displayed model allows the user to view the data from different angles. A map of the 

study was used as the target image for the application, displaying the 3D model of the 

PSN over top the base map to situate the user in space and place.  
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The game engine software required the GIS developed models to be single 

objects (all buildings became one model for each digitized year), limiting the ability to 

directly connect attribute data to individual buildings. Socioeconomic variables are 

therefore viewed as 2D layers over the base map, and while they cannot be manipulated 

like the 3D models, they allow users to view underlying information from the LOI GIS 

database. While the narrative process for this application is non-linear, the AR interface 

enables users to actively explore the digitized historical enclave, and easily view change 

over time. This method only requires a smart device and the target image. 

 
Figure 3-10: AR prototype application 
The AR prototype uses a PSN study area map as a target to spatially locate 3D building models, 
buttons to select models or variable overlays to view (Top Right: building use; Bottom Right: 
property owner ethnicity), and a slider to change the size of building models. 

This set of interface prototypes provides tangible implementations of interface 

technologies specifically designed for HGIS/narrative work. They were built to connect 

conceptual engagement of interface-based HGIS with direct experience of applied 

historical narrative research – to support discussion of implications for the intersection of 

narrative and medium. The selection of prototypes are also significant in that they 

represent key exemplars of reality, AR, AV and virtuality along Milgram and Kishino’s 
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(1994) reality-virtuality continuum (Fig 11). This examination of the range of immersive 

capabilities highlights the experiential opportunities of ‘presence’, or telepresence 

(technologies allowing users to feel present somewhere other than their physical 

location), which can result from these diverse VE and MR experiences. These 

technologies, in their own ways, have the potential to allow us to move between real and 

virtual spaces of representation, lived experience, and across time. The applications, 

and their historical narratives, offer users asynchronous telepresence in varying 

degrees. Though it was not explored as a stand-alone application, this concept requires 

that the 360-degree video portals also be acknowledged on the continuum. The walking 

tour takes place in reality, but by entering the 360 portal in VR the user is teleported into 

that time and space, even though they may not have been physically present during the 

actual walk. Therefore these applications support discussion of implications for the 

intersection of the past and present as well, challenging our perceptual awareness of our 

contemporary experiences of everyday spaces with difficult contexts in past times, and 

communities of experience. 

 
Figure 3-11: HGIS interfaces on the reality-virtuality continuum 
How HGIS/narrative interfaces might look along Milgram and Kishino’s (1994) reality-virtuality 
continuum. The Story map (far left) could be considered the most situated in reality, with the 
user’s presence firmly in their physical location while the data placed in front of them, similar to a 
book or poster. The AR application (middle left) brings the data ‘into’ the real world enabling 
interaction with both physical and digital data. The use of 360-degree video with the VE (middle 
right) situates users within the virtual simulation, then enables them to ‘virtually’ experience the 
real world. Finally, the VE (far right) is the most situated in virtuality, with users fully immersed in 
the digital simulation and interacting with the data within that virtual space. 
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3.6. Critical reflections of application capabilities and 
theoretical implications 

The primary objectives of the application workflows developed in this research 

were to demonstrate the mobilization of GIS with immersive mixed-reality interface 

technologies, and the potential of these tools as mechanisms to capture and 

communicate Japanese Canadians narratives in ways that encourage immersion and 

empathic experiences. Human-computer interaction and user interface design studies, 

such as works by Benyon, Turner & Turner (2005), Saffer (2010), and Rogers, Sharp & 

Preece (2011), have led to the identification of several interface affordances (the 

perceived functional potential of interfaces, such as what they can do or how they are 

controlled) that influence the users’ perception/comprehension of the spatial phenomena 

and elicit emotional responses (see Gibson 1977, 1979; Norman 1999). These 

affordances include degree of tool transparency, use of metaphors and narrative, 

usability of the system, and user experience. With these affordances in mind, the 

following sections compare each prototype regarding their effectiveness and usability in 

the LOI context. 

3.6.1. Localization and situatedness 

The integration of GIS with these interface methods, due to its ability to deal with 

the complexities of both spatial and temporal data, meant each application was capable 

of communicating, and in turn enabling users to recognise, location and time. The 

inclusion of spatial information in each of these interface methods creates visually 

identifiable spaces that situate audiences in the narrative, though each method varied in 

the scale of locational awareness they presented. With an overarching narrative, the 

maps placed within the story map timeline provide spatial reference to the historical 

events from the country level, province level, and the neighbourhood level. The 

interactive map also allows users to relate the location of the PSN to personal context. 

However, it could be argued the story map has the least amount of personal contact with 

location. The VE, in comparison, has the most direct (and natural) contact with location, 

using street signs and landmarks for location and navigation. While it is limited in its 

ability to show neighbourhood level or greater without top-down views of the whole 

environment, it shows much potential for adding more data, and other 

structural/functional scenes for exploring these other scales, such as a global 



58 

perspective linked to other study areas to allow users to view transpacific migration or 

‘zoom in’ to explore other locations. The tabletop AR interface falls between the other 

two, being specific to the neighbourhood scale while directly identifying location with the 

study area map as the image target, but still allowing a closer perspective with its 

resizing capabilities. The potential shown by the tabletop AR leads to questions about 

the potential for situated AR, using physical location to situate the historical data.  

Time is easily viewed in all applications, and the years historical events occurred 

clearly stated in each interface, yet the linear narrative of the story map timeline was the 

strongest at moving the user through time. The format of this interface tells the story 

from ‘start’ (immigration to Canada) to ‘finish’ (results of the actions taken against the 

Japanese Canadians after the war). The other two applications rely on a more non-linear 

structure, with the user choosing the moment in time to view. While this non-linear 

approach could be more effective at viewing change over time (the AR application being 

most effective at this), the movement through time is not as clear. The VR application, 

while strong in recreating spaces at different moments in time, was weakest at 

communicating time, requiring the user to return to the introduction sign to view and 

change the year selected. This difficulty could be overcome by changing the VR user 

interface design to have a display menu that travels with the user (such as on the 

controller or user’s arm). This control of time, as opposed to being moved through time, 

raises questions about user control (and therefore the user’s personal experience with 

data) versus autonomy of the interfaces (but with, as previously noted, the capability to 

advance the user through the whole narrative, and therefore removing the chance of 

missing any critical points). The differences between these applications demonstrate the 

balance that must be found between open-ended/free-form interface experiences and 

guided/choreographed ones, and their respective influence on users receiving the 

intended (and complete) narrative. 

3.6.2. Perception of structure/relations/events 

The three application prototypes each provided different perspectives and 

experience with the PSN. Each had different strengths regarding their ability to present 

historical information in a way that enables the perception of the study area structure 

and community changes over time. It could be argued that the AR and VE applications 

provide the most support to perceive and interpret the structure of the neighbourhood. 
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Using the tabletop tangible AR interface, the ability to display the digital data as if they 

were physical models on an everyday table makes the shape and composition of the 

neighbourhood easily perceived and examined (at the neighbourhood, property, or 

building scale). Critically, the tangible AR interface allows users to directly manipulate 

the scene, by moving the paper tracker the 3D content is attached to, resulting in a 

strong proprioceptive experience (a capability of tangible AR confirmed by the empirical 

work of Shelton and Hedley 2003).  

The VE interface was effective in a different way, supporting the user’s ability to 

experience and investigate a virtual 1:1 scale reconstruction of the neighbourhood each 

year it is represented as if they were physically there. While the buildings are abstracted 

representations (generated by the data available with which to construct them), this does 

not take away from perceiving the composition of the neighbourhood, nor the effect of 

interrogatively viewing change over time. This is not an uncommon issue in the practice, 

leading researchers to emphasize abstract phenomena in virtual cities, diminishing the 

importance of realism (Slocum 2010). The VE supplemented this abstraction through the 

inclusion of the neighbourhood objects as mentioned in the previous section (trees, 

signs etc.), as well as by using a method to transform the perspective of an historical 

photograph and ‘applying’ it to a building’s street-facing wall (Fig 12).  

 
Figure 3-12: Adding realism in VE 
A more realistic building veneer was created using an historical photograph from 1929 of the 
Japanese Language School (located on Alexander St). The application of this veneer enables 
users to easily identify this iconic building, further improving location and situatedness, as well as 
the perception of the neighbourhood structure. 

The inclusion of other types of visual media such as historical photographs or 

present-day video, act as interlocutors of experience and meaning between the abstract 
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and real places across time; and act to improve the immersion of users in the narratives 

of others’ lived experience, or inherited heritage. For the story map, while the layout of 

the narrative was the most organized, the interface medium impeded user perception of 

the structure of the PSN the most. In short, representations in the story maps were either 

abstract two-dimensional GIS outputs, or static perspective views. Both were also 

confined to the plane of a two-dimensional display – imposing an immediate cognitive 

burden on users to infer both 3D structure, and their relationships with human scales or 

real-world spaces. Whereas the tangible AR and immersive VR experiences provided 

open-ended opportunities to actively and flexibly change point of view, proximity, and 

with familiar metaphors of first-person walking (VE) or 3D objects on an everyday 

tabletop (AR). This could be improved by embedding a different Storymap layout option 

within this interface, allowing for the addition of the georeferenced FIMs as an interactive 

map, layering the historical plans with a present-day base map. These would then 

behave like moving a looking glass over an area of the map to create a ‘window’ into the 

past. 

The AR method was also the most effective at showing change over time, with 

the interactivity of the neighbourhood perspective and the ability to quickly switch 

between models, illuminating change in buildings and socio-economic variables are 

easily investigated. However, the application tested in this research was completely built 

on the developed GIS, and is therefore most effective when accompanying additional 

informational resources for full narrative history. In contrast, the linear timeline of the 

story map separates the maps categorically by year, making it more cumbersome to 

investigate socio-economic change over time. The user must scroll through the chapters 

to compare visualizations, although the text and photos within the timeline format help 

with this perception. For the VE, once again the property or building level perspective 

makes it difficult to fully view neighbourhood change, and the need to return to the 

information sign to change years limits the ability to quickly switch between displays. The 

inclusion of a display menu that moves with the user (as mentioned in the previous 

section) would also be beneficial for providing options such as viewing texture overlays 

to the buildings according to selected socioeconomic variables. Perhaps there is also a 

potential for a greater use of the spatialized sound capabilities, such as the location and 

volume of sound also changing over time to represent the building of the community and 

the loss of Japanese Canadian voices over the course of the narrative. 
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3.6.3. Experience and usability 

When examining the capabilities of the applications to provide usable, immersive 

experiences that engage users in the narrative (while reducing focus on the 

device/applications), the VE and story map applications directly contrast each other, 

while AR application seemed to be a strong balance of these qualities. The VE was 

strongest in interactivity and tool transparency, and weakest in usability (in terms of ease 

of control, and reach of audiences) and affordability (novel interfaces are all well and 

good, but the cost prohibitiveness could make otherwise valuable information 

experiences inaccessible). The opposite was true for the story map (with tangible AR 

falling directly between the two). 

 The VE application is highly interactive and immersive, engaging users in both 

the environment and narrative. Being placed ‘into’ the VE at street level, with the 

environment built using various levels of realism to improve presence, leveraging familiar 

metaphors of everydata human experience. This familiarity, ease of control and 

movement helps to reduce user awareness of the devices, and to become more present 

within the virtual world. Other functional and structural design experiences, and multi-

media content could also be added to further improve presence and experience of the 

narrative, such as attaching oral history recordings to the silhouetted people, allowing 

users to ‘meet’ individuals who had stories to share.  

Though not as immersive, the AR application is also highly interactive, not only 

with the nature of the interface, but with the research and other users (such as group 

settings/discussion) as well. Once the user understands how to manipulate the touch 

screen interface it fades from focus, and the device becomes a ‘window’ into the story. 

To further enable the AR application to stand on its own, attempts should be made to 

create models with separately selectable buildings, allowing additional media (such as 

text or historical photographs) to be added as ‘pop-ups’. While the interactivity within the 

story map is limited in comparison to the other methods, the presentation of the story 

and visualized data still encourages curiosity and engagement of the narrative. Yet the 

very nature of the computer-based online interface platform requires direct 

acknowledgement of the device and its control of the display and interaction, creating a 

barrier between the user and the data.  
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While not as immersive, out of all methods tested, the story map is the most 

affordable and has the greatest potential reach of audiences. An online application is the 

most common dissemination method with a well-recognized platform and interactive 

method (internet browsing and use of Google Maps). The application can be shared as a 

web-link or embedded in other online spaces to disseminate exhibit or curriculum 

materials at no cost, making it easily used at home, in a classroom or in a museum. 

Users only require access to a computer or smart device with an internet connection, 

and basic computer skills. The AR application is similar in its accessibility and 

affordability, only requiring a smart-device with a camera, and the target image. In 

contrast, the VE application is the least accessible and affordable, requiring a computer 

with a SteamVR set-up, an HTC Vive system, and a large enough space for users to 

move around comfortably. The application is still relatively easy (particularly if the user 

has gaming experience), with the inclusion of simple user-interface design, control 

instructions, and a warning system in the form of a grid which appears within the 

environment when a user gets too close to a physical wall. 

In these sections we looked at the application prototypes from the perspectives 

of interface capabilities, the relationships with spatial representations that they afford, 

and the experiences that may result. These discussions of the interfaces aimed to 

connect interface characteristics with anticipated user experience, all with the utility of 

the narrative of HGIS in mind. It is no easy task to navigate this intersection and bring 

out definitive relationships of experiences that are actually idiosyncratic depending on 

media content and narrative (not entirely unlike the amorphousness of the relationships 

between users and maps, as discussed by Wood and Fels 1986). 

3.7. Coming full circle: this work in an evolving landscape 
of interface-based HGIS 

Through conceptual context, applied demonstrations of prototype HGIS 

interfaces, and reflective commentary, this work has aimed to highlight the potential to 

transform relationships between users, geovisual representations of data and narratives 

of space – through media that are experiential, proprioceptive, and immersive across a 

spectrum of reality and virtuality. Advances and maturation of interface technologies 

have accelerated their uptake in spatial research. The evolving fields of HGIS and 

GIScience have increasingly acknowledged that increasing interactivity and immersion 



63 

means the user is no longer a passive observer, increasing stimulation, and triggering 

new emotional responses. Zhang, Perkis, and Arndt (2017) classify two main types of 

immersion, spatial and emotional. Where spatial immersion is triggered by the spatial 

characteristics of the environment, emotional immersion is triggered by the engagement 

of the user in the narrative content of the environment, evoking an emotional response 

(Zhang, Perkis, and Arndt 2017). Comparatively, while spatial content is more immersive 

in the sense of realism concerning the external world, it is narrative or emotional content 

that creates the greatest sense of realism and presence within the digital/virtual space 

(Duarte and Pinheiro 2016; Zhang, Perkis, and Arndt 2017). The structure and 

embedded perspectives of the narrative affect the user’s ability to relate to presented 

historical information (Savenije and Brujin 2017). These elements of narrative are still 

largely missing in current mixed-reality research and development, with the majority of 

applications continuing to emphasize spatial immersion and experience (Zhang, Perkis, 

and Arndt 2017). Yet the technologies are continually improving and research interests 

are expanding.  

The qualities examined in the previous section show the potential for the learning 

impact of mixed-reality interfaces and experiences. The engaging and self-directed 

nature of the interactive experience with sensory feedback capabilities is thought to 

improve focus, motivation, and critical thinking, and showing strong information retention 

and attachment to the topic and environment (Markowitz and others 2018; Fonseca and 

others 2018). While the story map is arguably the least immersive method, the use of 

online material is already a well-utilized resource. The story map’s potential strengths lie 

in its use of a recognizable interface application that can stand on its own. Materials 

such as those offered by the Virtual Museum of Canada (VMC 2017), Nikkei National 

Museum (NNMCC 2017), and the National Association of Japanese Canadians (NAJC), 

offer heritage information in the form of text and visuals in a way that is easily accessed 

by any user, from anywhere. The inclusion of spatial information within the timeline, and 

a method of interacting with this spatial information, offer interactive opportunities to 

elevate the connection of the online material to space, place and time. Story maps 

“represent a place as it is perceived by an individual or by a culture moving through it,” 

recording not only the place but also the history and experience, acknowledging “the 

way memory and landscape layer and interleave” (MacFarlane 2007, pp. 144). 
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For the most immersive method, the use of VE applications is much more 

prominent in the realm of virtual heritage or virtual tourism, but the movement towards 

their use as educational tools is growing. Research into the educational potential for VEs 

arose in the mid-1990s (ie Winn 1993, Winn & Jackson 1999), but decades later 

advances in VR technology and their affordability have finally enabled the move from 

research labs to classrooms and homes (Karutz and Bailenson 2015). Scholars are now 

developing and evaluating the use of VR applications in the classroom (such as Karutz 

and Bailenson (2015)), in virtual and physical museum exhibits (e.g. Allen 2016; Kersten 

and others 2017; Barbieri and others 2018; Bossavit and others 2018), and virtual ‘field 

trips’ and tours of heritage sites (e.g. Fonseca and others 2018; Scianna 2018; 

Markowitz and others 2018; Woods and others 2019). The VE application shows the 

potential to provide a unique and memorable experience of an historical enclave that no 

longer exists in a way that can be physically visited today. The self-driven exploration of 

research and phenomena within the environment allows users to uncover and interact 

with the narrative, and encourages discovery and discussion. 

For users without access to VR systems, AR applications present a potentially 

ideal interactive teaching device for a variety of environments. The ability to use image 

targets in textbooks or on moveable markers with any smart device allows for users to 

follow a narrative discussion while simultaneously exploring neighbourhood change in 

the palm of their hands. While not tested in this research, situated AR applications 

indicate an opportunity to enhance field trips by providing tours or additional locational 

information. Projects creating situated tours are already underway, such as artist Henry 

Tsang’s (2019) “360 Riot Walk”, which presents a 360-degree walking tour of the Anti-

Asian Riots that occured in Vancouver in 1907. The tour can be viewed online or on 

location in Vancouver’s Downtown Eastside, and uses images, text, and a narrated 

sound track to blend the past and present in an immersive, educational experience of 

the history of the space (Chan 2019; Grauer 2019).  

The potential for using AR applications for educational purposes is strongly 

supported by the increasing influence of mobile smart devices in communication, 

particularly among youth. Canada’s Internet Use Survey in 2018 reported that 88.1% of 

Canadians over the age of 15 have personal use smartphones, and within the age group 

under 24 the number was even greater at 97.9% (Statistics Canada 2019). While 

technology is still developing, the ease of access offers educators attractive and 
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innovative opportunities with AR to provide material students can become involved in. 

The AR application suggests the ability to provide a memorable experience, enabling a 

deeper exploration of neighbourhood characteristics, either self-driven or as a group 

activity, encouraging questions and discussion. 

3.8. Conclusion 

This research has explored the intersections between social science and GIS, as 

well as GIS and emerging geovisual interface technologies, investigating their potential 

to capture and connect audiences in ‘narratives’, ‘experiences’, or ‘emotions’ of past 

events and ‘places’. Practical implementation of these converging methodologies 

produced a set of working prototypes focused on the objective of characterizing and 

communicating the narratives of Japanese Canadians in the LOI project context.  

This work serves three purposes. First, to develop working prototypes providing 

functional demonstrations of how historical geographic data and visualizations might be 

mobilized with emerging technologies, and illuminate these workflows for future historical 

GIS research. Second, to explore of the capabilities of web-based story maps, 

immersive virtual environments, 360VR, and tangible augmented reality interfaces – 

from human-computer interaction and HGIS conceptual perspectives, allowing us to 

identify their potential for delivering powerful reconstructions of historical narratives, and 

empathic experiences of social injustice. Finally, to critically reflect on these capabilities, 

informing a discussion of the implications of using emerging geovisual interfaces – if 

implemented thoughtfully – as new media for informative, immersive, and experiential 

engagement of historical narratives and empathy.  

Developing functional prototypes for HGIS-based narratives provides a critical 

opportunity to explore and discuss their potential from theoretical perspectives enriched 

by direct experience. These experiences and consideration of theoretical implications 

strongly suggest that geospatial mixed-reality methods have significant potential for 

engagement of historical landscapes. In short, this work proposes that rather than 

considering emerging visualization interfaces as individual novel technologies, they 

constitute an emerging ecosystem of capability with which we might multiplex human 

narratives - across spaces, times, and different lived experiences. 
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Designing experiential geovisualizations of historical events with digital 

interactivity and narrative context offers a variety of new ways to become immersed in 

Japanese Canadians experiences during this time, allowing audiences to develop a 

more personal relationship with stories of injustice. Combining critical GIS, interface and 

interaction design methodologies to produce hands-on prototypes allows us to directly 

explore affordances, opportunities, and limitations of these emerging technologies to 

deliver spatial and emotional immersion. 

With the foundation of each application built upon the GIS research, the 

balancing act between scientific evidence and narrative became obvious. The 

combination of quantitative and qualitative data, representing space and human 

experience, greatly improves the ability to understand the interaction, influence, and 

emotional connection between people and their environment. These interface methods 

showed great potential to include additional data types, such as oral histories or stories 

shared through community mapping events for contemporary descriptions and relational 

points of view. Such additions could further improve empathic engagement, allowing 

audiences to experience the emotional nuances of these spaces as the events were 

described and understood by those who were directly (or indirectly) affected by them. It 

is these kinds of data characterizations that help to uncover hidden meaning and 

transform the perception of everyday space. With the historical narrative encompassing 

many witnessed events, this case study highlights the function of social practices in 

defining the urban environment, and identifies the need for new methods to link to 

emotional or empathic computing. 

Responses from the geographic and historical academic communities have been 

positive when presented with the concept of need-driven empathic computing 

opportunities that the combination of GIS methodologies and virtual reality technologies 

provides. However, speculation needs to be anchored with empirical evaluation of the 

effectiveness of using mixed-reality applications as a geovisualization method, 

collaborating with the elementary and secondary school teachers and others partnered 

with the LOI research collective surveying them on their reactions and understanding of 

the phenomena, and to also get feedback on the user interface design and how well the 

gathered research is represented. These interface technologies promote active 

participation and situated learning experiences at home or in the classroom, and further 

testing of these prototype applications would contribute to research suggesting 
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increased interactivity and immersion improves focus, critical thinking, comprehension of 

content, and empathy. These prototype applications are allowing us to explore and 

potentially transform the ways we understand and empathize with social injustice, by 

transforming the mainstream status quo of passive, non-immersive descriptive data 

presentation into immersive, enveloping, challenging, visceral spaces of human 

engagement, with social injustice. 
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Chapter 4. Conclusions 

4.1. Summary 

The goal of this thesis was to examine and illustrate the HGIS opportunities 

presented by 3D geovisualization, virtual environment, and interface methods and 

technologies for representing, communicating, and engaging users in cultural narratives, 

like the history of Japanese Canadians. This was accomplished through two research 

components, which investigated geospatial and geovisual contributions to the field of 

HGIS; discussed emerging technological methodologies in the context of supplementing 

and contributing to HGIS scholarship and historical pedagogy; and presented workflows 

developed to demonstrate the ability of geovisual interfaces to transform and combine 

conventional data into new forms of rich mixed-media representations, and to afford 

unique experiential and empathic engagement with historical narratives in geographic 

space. 

Chapter 2 presented a review examining a selection of literature published 

between 2003 and early 2019, synthesized from the fields of geography, HGIS, and 

geovisualization literature, to investigate the evolution of the field of HGIS, and the 

trending dialogue in HGIS research and methodologies. I categorized the literature into 

two main types, the first are works describing what HGIS is and opportunities for its use 

as a method of historical discovery, and the second are case studies focused on 

technical methodologies. Within these discussions, I identified six key themes regarding 

the application of GIS and GIScience methodologies in historical geographic research: 

spatial relationships; layered databases; visualization techniques; error and uncertainty; 

narratives; dissemination; and cross-disciplinary difficulties. While it can be argued that 

GIS can be a useful tool for adding spatial characteristics to traditional statistical 

methods of historical research, and enabling the discovery and communication of 

historical narratives, the diversity of topics GIS is applied to creates difficulties in 

discovering current work of this cross-disciplinary nature and makes advancement of the 

field slow.  

HGIS research still faces challenges establishing spatial relationships and 

representational validity with multi-form data, and quantifying social dynamics, using 

conventional GIS tools and methodologies. I then explored how advances in digital tools, 
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and the integration of expanding and emerging technologies in HGIS research, such as 

VR, AR, and 3D modelling techniques, are changing the way historical landscapes and 

narratives can be visualized, analyzed, communicated, and engaged. These works 

exemplify how 3D visualizations can be used to reconstruct past geographic 

events/processes/places, and create a means for bringing archaeology and cultural 

history to average users in more engaging ways. However, I recognized that literature on 

newer emerging technologies focused primarily on virtual tourism/heritage, bringing 

users (mainly over the internet) to the historical spaces as they existed in the past with 

new point of view to see, but without providing a deeper critical theoretical engagement 

of historical representations. I also identified a need for works focused on capturing 

historical narratives and social contexts set within historical architectural spaces, or 

critiques of the veracity of representation. The studies were incredible examples of 

technological possibilities for reconstructing spaces or buildings/objects with little to no 

representation of the people who existed within them, or the influence that structure or 

context might have had on their behaviour.   

Chapter 3 explored the intersections between social science, GIS, and emerging 

geovisual technologies and their potential to deliver immersive experiences that enrich 

empathic engagement and historical narratives in GIScience. I examine the opportunities 

of these emerging technologies in HGIS scholarship and historical pedagogy, focusing 

on narrative, experience and empathy. After introducing trends in HGIS research and 

attempting to unpack emerging technologies (including online geospatial platforms, 

virtual environments, and augmented reality applications), I identify the need to 

recognize these technologies as experiential propositions, rather than simply novel 

devices. As studies using these methods in HGIS and 3D geovisualization literature 

usually address one platform at a time, rarely implementing multiple interface systems 

for the same HGIS context, I aimed to directly explore their potential from human-

computer interaction and HGIS conceptual perspectives enriched by direct experience. 

To this end, I built a set of working prototypes (specifically to serve the LOI project) 

including an online story map, an immersive VE (with both virtual and augmented 

virtuality capability), and a tabletop AR application, all focused on engaging and 

delivering historical spatial narratives of social injustice experienced by Japanese 

Canadians during World War II. These prototypes demonstrated how these methods 

might mobilize historical geographic data and visualizations with emerging technologies 
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to deliver powerful reconstructions of historical narratives, and empathic experiences of 

social injustice.  

Through a critical reflection on these capabilities and the implications of using 

emerging geovisual interfaces for engagement of historical landscapes, I discussed the 

limitations, opportunities, and affordances of these interfaces for creating effective 

platforms to inform, immerse, and engage audiences in experiential historical narratives 

in geographic space. I compared each prototype, regarding their effectiveness and 

usability in the LOI context, using three groups of perspectives: localization and 

situatedness; perception of structure/relations/events; and experience and usability. The 

applications all showed varying, but powerful, implications for HGIS and narrative 

research, and for the learning impact of mixed-reality interfaces and experiences. I 

conclude the chapter with a return to the discussion on the contributions of these 

methodologies to an evolving landscape of interface-based HGIS. 

4.2. Research contributions 

The research I have presented in this thesis contributes to the fields of human 

geography, GIScience, geovisualization, and historical GIS. This research synthesizes 

multi-disciplinary literature to discover trending dialogue in HGIS scholarship and 

facilitate productive engagement of emerging interfaces and methodologies as media for 

HGIS, while providing a rigorous anchor for discussion. This work yielded identification 

of the extent of HGIS research to engage historical narratives across a continuum of 3D 

and mixed-reality technologies, and an intellectual journey to elucidate opportunities they 

offer to create experiential, emotional spaces, rich with narrative and empathic potential 

for HGIS scholarship and historical pedagogy. 

This work has shown how advances in digital tools are changing the way 

historical landscapes can be visualized and analyzed, engage with historical narratives, 

and communicate this information for educational purposes.  The practical 

implementation of methodologies at the intersection of social science, GIS and emerging 

interface technologies, and the focus on LOI research, has resulted in functional 

demonstrations of their potential to capture and connect audiences in ‘narratives’, 

‘experiences’, or ‘emotions’ of past events and places, and illuminated workflows for 

future historical GIS research. Using these approaches to explore how to design 
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experiential geovisualizations of historical events with digital interactivity and narrative 

context offers a variety of new ways for historians to investigate their research, and for 

users to become immersed with stories of injustice. Through this work, I have sought to 

go beyond theoretical engagement of emerging technologies for HGIS, and pursued 

active implementation of HGIS interface prototypes through which historical narratives 

might be experienced, and future theory might be informed.  

In Chapter 2, review and discussion of GIScience, HGIS, and advances in 3D 

geovisual interface technologies in these distinct and somewhat disconnected literatures 

endeavors to stimulate cross-disciplinary training and collaboration to increase 

contributions with rigorous spatial approaches to historical research, growing the HGIS 

community that still remains smaller than its proponents have hoped for. Knowles (2014) 

raised concerns that HGIS scholars remain unaware of other scholars’ work hindering 

coherence within the field of study. While the field has been slow to form, contributions 

are now being made from multiple generations of scholars. Works, such as those by 

MacEachren and Kraak (1997), Cartwright and others (2001), Koua and others (2006), 

and Slocum and others (2010), have shown what can be achieved when combining 

devices and interaction design to immerse users in cartographic contexts. Increasingly, 

studies are incorporating mixed-reality methodologies to examine, communicate, and 

explore spatial and temporal changes in historical cities or landscapes, such as works by 

Lerma & Garcia (2004), Popelka & Brychtova (2011), Almeida et al. (2016), Kersten and 

others (2017), and Woods et al. (2019). Yet these works primarily emphasize spatial 

immersion and experience, focusing more on the representation of the past spaces 

rather than the human experiences within them. I argue that HGIS presents an 

opportunity for incorporating these nuances through a geo-narrative approach with these 

emerging technologies. 

Chapter 3 expands on the previous chapter, conducting a further exploration of 

the opportunities of these emerging technologies, and illuminating these workflows for 

future HGIS research. Milgram and Kishino’s (1994) virtuality-reality continuum provides 

us with a valuable conceptual architecture with which to anchor an exploration of the 

opportunities of emerging interfaces for HGIS and narrative. The prototype applications I 

develop could be placed along this continuum, ranging from reality to virtuality. With the 

idea that this continuum does more than simply provide a context for different forms of 

interface technology, and the critical reflections of the affordances, opportunities, and 
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limitations of these emerging technologies to deliver spatial and emotional immersion, I 

discuss the notion of a continuum of experiential possibilities, between people, digital 

information visualizations, and space/time, and their theoretical implications to support 

HGIS narratives. 

With the foundation of each application built upon GIS research, the balancing 

act between scientific evidence and narrative became obvious. The combination of 

quantitative and qualitative data, representing space and human experience, greatly 

improves the ability to understand the interaction, influence, and emotional connection 

between people and their environment. With the historical narrative of Japanese 

Canadians encompassing many witnessed events, this case study highlights the 

function of social practices in defining the urban environment, and identifies the need for 

new methods to link to emotional or empathic computing. The web-based interface, 

augmented reality applications, and virtual environment all showed varying implications 

for HGIS and narrative research. The ability to investigate the neighbourhood as if the 

user were physically there offers an educational tool that can create a strong personal 

connection to the space, place and time. 

4.3. Future directions 

This research lays a foundation for future GIScience, HGIS, and 3D geovisual 

interface research focusing on historical narrative and experiential engagement. The use 

of 3D (or even 4D) geovisualization and interface methods and technologies, such as 

web-based interfaces, virtual environments, or augmented reality applications, creates a 

stepping stone to immersive experiences, with the potential to deliver HGIS experiences 

that connect us with emotional and amorphous characteristics of historical issues. The 

literature reviewed in Chapter 2 suggests that while historians might be more 

comfortable with narratives rather than visualizations, HGIS inherently melds these 

concepts together in the association of data and place and the discovery of meaning 

within maps. With most of the literature from the perspective of human geographers or 

historians, perhaps the discipline would benefit from more studies from GIS practitioners 

on the subject of HGIS. While geographers have steadily been exploring the potential of 

immersive virtual environments for some time, the realm of augmented and mixed reality 

interfaces suggest altogether new modes of geographic information use and 

communication in the near future (Hedley 2015; 2017). 
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The interface methods demonstrated in Chapter 3 showed great potential for 

additions/changes to structural and functional design, as well as a variety of other 

quantitative and qualitative content. For example, the use of oral histories or stories 

shared through community mapping events would provide more contemporary 

descriptions and relational points of view. Such additions could further improve empathic 

engagement, allowing audiences to experience the emotional nuances of these spaces 

as the events were described and understood by those who were directly (or indirectly) 

affected by them. It is these kinds of data characterizations that help to uncover hidden 

meaning and transform the perception of everyday space. Throughout the critical 

reflections in this Chapter, I recommend several of these types of additions, for each 

developed application prototype to further improve interaction and immersion. 

The next step for this work should be anchoring the speculation posited in this 

thesis with empirical evaluation of the effectiveness of using mixed-reality applications 

as a geovisualization method.  Collaborating with the elementary and secondary school 

teachers and others partnered with the LOI research collective, potential users could be 

surveyed on their reactions and understanding of the phenomena, and to also provide 

feedback on the user interface design and how well the gathered research is 

represented. These interface technologies promote active participation and situated 

learning experiences at home or in the classroom, and further testing of these prototype 

applications would contribute to research suggesting increased interactivity and 

immersion improves focus, critical thinking, comprehension of content, and empathy. 

With further research into the discussions of experiential engagement, this study could 

advance empathic computing research and the fields of historical GIS and 

geovisualization. 

In conclusion, this thesis presents research that contributes to the capabilities of 

urban geographers, historians, and GIScientists by introducing new theoretical territory 

through which HGIS practice can be enriched, and presenting a critical theoretical 

engagement of conventional-to-emerging spatial technologies and their relative agency 

as knowledge mobilizers (or perhaps as ‘empathy machines’). Each chapter 

investigates, illuminates, and demonstrates the opportunities of these new technological 

constructs to allow us to examine the ‘topologies’ of historical GIS, looking deeper into 

spatial relationships in both time and space, and adding new dimensionality to historical 

subjects. In combination, and as standalone research papers, this thesis aims to enrich 
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HGIS research regarding historical narrative approaches with 3D and across a 

continuum of mixed-reality technologies, and the opportunities they offer to create 

experiential, emotional spaces, rich with narrative and empathic potential for HGIS 

scholarship and historical pedagogy. It is my hope that my work may contribute to the 

emergence of a potentially new sub-sector of HGIS research: HGIS interfaces. 
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