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ABSTRACT. Despite several decades of discussion and debate around the role of GIS in
the discipline of Geography, it would be a stretch to argue that GIS has not irreversibly
altered the discipline, both in the scope of research and teaching as well as in the wider
imagination of a general public. However, it remains a challenge to incorporate the
range of geographic knowledge, born of a diversity of modalities, into operational
insights and analytical pre-conditions in a GIS. To be certain, some irreconcilability
between GIS and geographical inquiry is to be expected, epistemologically speaking. In
what follows, we consider what might be meant by a shift to geographic analysis as
scholars from disciplines in the humanities and social sciences turn to GIS as a method
of observation, interpretation, analysis, and representation. In this context, we engage in
a thought experiment and offer some commentary, fixing the notion of information sys-
tem, while opening the geographic in GIS to more variable understanding. The point is
to pursue greater development of GIS theory and method, encompassing, while not
reducing, scientific, social scientific, and humanities research. Keywords: GIS, GIScience,
geographic, geography.

There is a persistent and perhaps productive ambiguity around the relation-
ship between geographic information systems (GIS) and, more generally, geo-
graphic inquiry. This ambiguity takes material form at the level of the
organization of faculties, as the teaching of GIS increasingly happens outside of
departments of geography, and by instructors who may lack official training in
the discipline. Despite this ambiguity, the demand for GIS skills in recent dec-
ades has significantly increased enrollment in geography departments across the
nation (Murphy 2007; McDonald 2011) and boosted membership of the Ameri-
can Association of Geographers (Goodchild 2007a). Indeed, not all GIS-related
research centers are housed in geography faculties or departments nor necessar-
ily employ geographers, as the names of such centers suggest: Center for Geo-
graphic (Information) Analysis (the three former NCGIAs at SUNY Buffalo,
UCSB, and University of Maine; Harvard; University of Stellenbosch; and
others); Center for Spatial Analysis or Spatial Studies or Spatial Data Science
(UCSB, Stanford, University of Oklahoma, University of Chicago), Center for
Geospatial Analysis/Technology (ASU, William & Mary, Texas Tech), GIS Cen-
ter (South Dakota State University, Towson) or, most simply, GIS@ (Tufts,
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Georgia Institute of Technology, and Middlebury College, where GISatMidd is
a YouTube channel for introductory GIS instructional videos). Students, after
taking some GIS courses, are perhaps left with the impression that GIS is about
spatial analysis, which is perhaps equal to geospatial analysis, which is equal to
geographic analysis—which, some conclude, is equal to geography. Some
believe that the most scientific part of GIS, as many regard Geographic Infor-
mation Science (a.k.a. GIScience) to be, is equal to spatial statistics, which is
equal to geostatistics. . . and on it goes.

Indeed, this ambiguity is sometimes felt as a question about the relationship
between the discipline of geography and GIS. David Mark stated that GIScience
is the basic research field that seeks to redefine geographic concepts and their
use in the context of GIS (2000). However, it is unclear whether, and how,
geography as a discipline has sought to define GIS or GIScience. Also unclear
is what geography might actually be according to users of GIS.

The blurring of terms and their often-overlapping meaning reflects the
rapid adoption of GIS across domains of inquiry and practical application. As
the use of GIS continues to spread, noticeably now into the digital humanities,
it is worth pausing to consider the meaning of terms that embody epistemolog-
ical differences. Geographers in particular should not take the meaning of GIS
and its many associated forms of analysis for granted. In what sense is the
study of geography a fundamental or special part of GIS? Does the geographic
nature of GIS consist of more than location-based data layers and the fact that
GIS is applied mainly on earth? For those who say that geography is simply
one domain among many where GIS is used, the “geographic” in GIS may be
reduced to location or conflated with mapmaking. This point of view has been
debated since the 1980s when GIS (or, more broadly, automated geography)
became a more explicit fixture within departments of geography (Schuurman
1999; Dobson 1983). We do not revisit the debates around the importance of
GIS to geography here, but rather ask whether there may be unexplored oppor-
tunities for geography to contribute to the advancements within, and practice
of, GIScience.

POINTS OF CONFUSION, PRODUCTIVE AMBIGUITY

Geographic information systems (GIS) is concerned with the description, expla-
nation, and prediction of patterns and processes at geographic scale (Longley
and others 2016). In this well-accepted definition, the modifier geographic
denotes the focus of GIS applications, but it leaves ambiguous the centrality of
the field of geography and the role of geographic inquiry in GIS. Is the geo-
graphic a limiting or a contributing factor to the development and practice of
GIS? Might the geographic even be inconsequential to GIS?

Let us first examine how GIS represents space in general, and geographic
space in particular. As in most information systems, computation is an essen-
tial component in GIS. While the sophistication of the quantitative
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functionality of GIS software has been debated (Pavlovskaya 2006, 2009), most
GIS programs to date emphasize their capacity for spatial analysis, as a set of
methodologies that analyze objects’ properties and behaviors in a Cartesian
space. However, spatial analysis is not limited to the geographic, per se. It is
equally effective in the study of astronomy, neuroscience, electronic engineer-
ing, architecture, or any other domain in which Cartesian coordinates can be
used to represent spatial relationships. A Cartesian space can represent a physi-
cal space of any scale (as large as the cosmos in astronomy, or as small as a
computer chip in electronic engineering) or a conceptual space ordered by
mathematical relations.

Methods of spatial analysis must be applied with caution to the irregular
shape, magnetic properties, and other peculiarities of the earth surface, as
defined and measured by geodesy (Miller and Wentz 2003). Furthermore, there
might be general truths to be discovered about geographic space that are not
equally true of other kinds of space, such as the space of the human brain or
the genome (Goodchild 2010). When engaged in analysis and representation of
the space of the earth’s surface, one might more specifically use the term
“geospatial analysis.” Furthermore, the utilization of statistics in spatial analysis
may be identified by at least two terms: spatial statistics or geostatistics. These
imprecisions in terminology may further complicate our understanding of the
role of the geographic in GIS.

We should note that just as we propose greater clarification of the impor-
tance of geographic representation to various forms of spatial analysis, we also
recognize that the leap toward statistics within the discipline of geography is
fraught (Schaefer 1953; Bunge 1968; Mattingly and Falconer-Al-Hindi 1995;
Bergmann and others 2009; Bergmann 2016). Debate over the framing of geog-
raphy as a spatial science is long-standing and certainly the emergence of GIS
has only fanned the flames of this issue. Given that the breadth of geographic
inquiry cannot be reduced to a scientific epistemology, the specifically geo-
graphic aspect of analysis and representation may always exceed the geospatial.
In other words, there are some forms of geographic research that cannot be
reduced to the inputs and constraints of today’s GIS software programs (see
Giordano and Cole 2018).

In what follows, we suspend these suspicions of irreducibility in order to
think through the specific challenges for the greater use of GIS in a range of
fields, including but not limited to the discipline of geography. What follows
is not intended to be a comprehensive or final evaluation of the role of the
geographic in GIS, but merely a thought experiment where we examine three
different issues that emerge as GIS is utilized in a diversity of disciplines. In
doing so, we address a perceived gap between the theoretical and empirical
research of the discipline of geography and an information systems approach
in GIS. We invite other evaluations and readings of the role of the geographic
in GIS.
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GEOSPATIAL AND/OR GEOGRAPHIC ANALYSIS?

The slippage from spatial analysis to geospatial analysis might be understood
as the transition from studying objects in an abstract and perfect two- or
three-dimensional Cartesian space, to studying objects in a mathematical
model of the earth surface defined by geodetic measurements. We propose
that the move from geospatial analysis to geographic analysis introduces fur-
ther complexity, including social and physical processes, patterns, and rela-
tionships. Others may productively operate with different definitions, and
yet, we still wonder what these ideas might mean for the wider discipline
and its reception.

In our opinion, much of the innovation in GIS has occurred in the infor-
mation system component of the technology, with greater capacities for com-
putation and representation, new forms of user interface and mobility, and the
expansion of platforms for use. As Michael Goodchild and Paul Longley
pointed out, “GIS has been at the mercy of trends and changes within the lar-
ger computing industry”—from relational database management systems of the
1970s to high-performance computing and parallel processing in today’s Cyber-
GIS (2014, p.1116). At the same time, new fields and disciplines have increas-
ingly recognized the geographic aspect of their work (DiBiase and others 2006),
even when their discoveries are couched in terms of the spatial turn (Boden-
hamer and others 2010; Knowles and others 2014). Recent decades witnessed
the emergence of geodesign in the fields of landscape architecture and planning
as well as the geohumanities and digital spatial humanities. Their discovery of
geography, often through GIS, shifts the strongest link from “IS” to “GI.” Gen-
erally speaking, scholars outside of geography and GIScience are likely to
understand GIS as a set of systematic analytical capabilities that are put to the
service of understanding geographical information. This upwelling of interest
in geographical information from fields outside of geography recasts our ques-
tion: Should geographers take on the difficulties of making GIS capable of
more kinds of geographic analysis? Might GIS better serve new users, and per-
haps geographers and GIScientists as well, if it were more deeply geographic
and better connected to other domains of research knowledge?

DATA AND/OR INFORMATION?

Historical geographers and geographically aware historians have for years been
trying to develop omnibus, comprehensive data layers for a world historical
GIS, in addition to historical gazetteers. There are also more crowd-sourcing
efforts to collate masses of material for geovisualization, beginning with all the
KML files posted to Google Earth, and more coordinated projects such as the
OpenStreetMap and Esri’s Living Atlas of the World. But a GIS knowledgebase
should be more than a digital, geographical Encyclopedia Britannica. Accumu-
lating digital content is fundamentally important, and many systems can
already do that (such as ArcGIS Online, Google Earth, and WorldMap). Yet, as
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Dawn Wright argues, GIS should contribute to the understanding of how the
earth works, not just how the earth looks (2012).

There are many ways to store and present digital content. For example, a
scanned street map cannot support address lookup, even though it may be use-
ful as a backdrop to localized data; and a vector street layer without traffic
capacity cannot support traffic routing. We have accumulated satellite images
for decades, but we still do not have open and easily accessible annual landuse/
landcover data series for the globe, in whatever resolution. Weather, soil, and
hydrology data are abundant, but there is no systematic work to incorporate
them and derive growth indices for agriculture or climate change. GIS needs
not only more data, but more derived data—knowledge that is produced by
subject-matter experts—that can be used openly by others.

The political economy of data presents challenges for this vision (Elwood
and Leszczynski 2013). Data are still being created in silos, using different for-
mats, structures, encoding, and terminology. Until subject matter experts trans-
form their data into a common ontology, the plethora of data will remain
piecemeal and largely useless for people outside of small circles of specialized
knowledge. To achieve wider intelligibility, it is critically important to develop
semantic ontology for linking geographic data. A small community of scholars
has been working towards this (Janowicz, and others 2012). The effort is closely
related to the more general semantic web initiative, except that they are focused
on geographic data, which requires expertise in both information technology
and geography. We suggest renewed efforts to more effectively transform geo-
graphic data fragments into interconnected and inherently intelligent geo-
graphic information. How might geography and geographers champion and
contribute to such efforts? What might a more critical perspective on the bene-
ficiaries of these transformations yield for users of GIS?

TIME AND/OR SPACE-TIME?

Any serious attempt to build a geographic knowledgebase will need the support
of mature temporal and fuzzy/uncertain object models. As Goodchild has sug-
gested, by the late 1990s, relational data modeling was transitioning to object-
oriented data modeling thereby allowing spatial objects to be associated with
multiple shapes and attribute values with varying length of duration (2008).
This resulted in “a rapid expansion of interest in the use of GIS to improve
our understanding of historical and other time-dependent phenomena” (2008,
p.196). However, the common practice remains to record time as a static attri-
bute field of the geographic features, or classify geographic data in set time ser-
ies. Even though time is often conceptualized as the fourth dimension of the
spatial domain, it is rare to see time recorded as a coordinate value along with
latitude, longitude, and altitude. Where this has been done, it has been as a
means of visualizing movement in a space-time cube, where the height is
replaced by time, sacrificing variation in altitude in order to visualize variation
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in time (Kwan 1999a, 1999b; Kraak 2003). While such visualizations may assist
viewers to imagine a subject’s progress through a landscape over the course of
time, the result does not lead to analysis in the sense of determining quantita-
tive or qualitative relationships between time and space.

Despite the prevailing understanding that space and time are ubiquitous
and essential to all scales of geography as well as to exciting new areas of
research, such as Big Data, Internet of Things, smart and connected communi-
ties, and self-driving cars (Yaun 2016), geographers have long observed that
GIS handles time poorly (Langran 1992; Peuquet 2002; Gregory 2008; Lammes
and others 2018), precisely because time is not just one attribute among many.
Mathematical, regular time has its own properties, as does any mathematical
space, and experiential time is as multidimensional and subtle as perceived
space (Knowles and others 2015). The complexities naturally multiply if a geo-
graphical feature’s location, shape, or attributes change over time, which is all
too common. Vector GIS typically captures time only as a moment of existence
(often implied to be unchanging for whatever period of time the GIS repre-
sents). A more advanced GIS may record a start and end time for each feature;
at best, each distinct instance of a feature may have its own record with a start
and end time. (Raster GIS usually records only the time when an image was
created or a transformation performed.) Treating time as a simple attribute can
support temporal visualization, as in map animations, but there is little con-
nection between the different temporal representations of the same spatial
object other than perhaps a shared object ID. This makes quantitative analysis
of the temporal behavior of spatial objects difficult.

The First Law of Geography, as attributed to Waldo Tobler (1970), is
regarded as the foundation for quantitative techniques for analyzing correlation
relative to distance or connectivity, forming core knowledge of spatial depen-
dency and spatial autocorrelation statistics (Miller 2004). Does the same law
apply in the space-time continuum? Are things that happened closer in time
also more related than things that happened further apart in time? In the First
International Symposium on Spatiotemporal Computing held in July 2015 at
George Mason University, one of the panelists suggested revising the First Law
of Geography to include temporal proximity. However, spatiotemporal interpo-
lation methods have been applied widely for decades (Li and Revesz 2002),
even incorporated in popular statistical software packages such as R (Gr€aler,
and others 2016). Some of these methods assume that distance in space and in
time are interchangeable at some rate, and that rate can be determined by the
sample data through covariance modeling (Stein 2005). We suggest that sup-
port for temporal measure be part of an evaluation of the geographic in GIS.

SOME CONCLUSIONS: SYSTEMS AND/OR SCIENCE

As scholars with an interest in the relationships among the many branches of
geography, we advocate further evaluation of the geographic aspects of GIS. In
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doing so, we point to some confusion in terminology and how various kinds
of spatial analysis are related to the fields that make use of GIS. We suggest
that the geographic aspects of this software-dependent technology are far from
sufficiently developed, and propose continued discussion and creative develop-
ment to support a more geographic GIS. We recognize that the interpretation
and implementation of this suggestion are likely nontrivial.

We have developed these ideas in the context of the dynamic field of
GIScience, first defined in the early 1990s (Goodchild 1992). The study of
GIScience has undoubtedly helped advance GIS (Maguire 2007/2008), but it
has also sharpened disagreements over the nature and value of GIS for geogra-
phy as a discipline (Schuurman 1999; Wilson 2017). The boundaries between
studying GIS as tool usage, tool construction, methodology, and theory remain
blurry, yet pinning GIS to one or the other of these purposes to some extent
continues to define, and divide, GIS users within geography. Even though
GIScience has been an acknowledged and vigorous field for more than two dec-
ades, there remains little agreement as to the exact contents and boundaries of
the technology that initially defined it (Couclelis 2012; Blaschke and Merschdorf
2014). Longley and others describe GIS as “a science, a system technology, a
discipline, and an applied problem-solving methodology” (2016, p.xxi). This
definition indicates that the system in GIS is more than software. We suggest
to further define the system in GIS as a systematic approach in pursuing the
development of theory, method, tools, and how they are used. This echoes
Wright’s (2012) call for making GIS “both system and science to support the
turn toward more place-based research across increasing scientific domains”
(2012, p.2197).

The fundamental value of GISystems as a unique field of inquiry resides
in its systematic nature, its capacity for integration, and its embracing of
scientific, social scientific, and humanities research. GIS is not well suited, con-
ceptually or in its basic design, to picking apart objects and studying each iso-
lated or controlled component of a natural or human system or phenomenon.
It is well suited, we suggest, for studying the many objects that constitute natu-
ral and/or social systems and their relationships, differences, interactions, and
connectivity.

Scholars who were influenced by the “tool vs. science” debate in the late
1990s may hesitate to agree that GIS is itself a field (Pickles 1997; Wright and
others 1997). Indeed, we will need a field, no matter what it is called (critical
GIS, computational geography, spatial science, or the like), that focuses on the
system level, as the uniquely comprehensive and integrated digital means of
analyzing geographic phenomena. If we regarded GIS not as a hammer, but as
carpentry, that is, a practice that builds spatial understanding, geographers
might take it more seriously as a field that calls for fresh investment of ideas
and vision. We hope we might contribute to a broadened debate by those
engaged in spatial analysis, however defined, to evaluate the geographic in GIS,
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to understand how this evolving technology and mode of inquiry is shaping
our work and how we might shape it in our pursuit of a range of scholarship.

REFERENCES

Ahearn, S. C., I. Icke, R. Datta, M. N. DeMers, B. Plewe, and A. Skupin. 2013. Re-engineering
the GIS&T Body of Knowledge. International Journal of Geographical Information Science 27
(11): 2227–2245.

Bergmann, L. 2016. Toward Speculative Data: “Geographic Information” for Situated
Knowledges, Vibrant Matter, and Relational Spaces. Environment and Planning D: Society
and Space 34 (6): 971–989.
-., E. Sheppard, and P. S. Plummer. 2009. Capitalism beyond Harmonious Equilibrium:

Mathematics as if Human Agency Mattered. Environment and Planning A 41: 265–283.
Berman, M. L., R. Mostern, and H. Southall. 2016. Placing Names: Enriching and Integrating

Gazetteers. In The Spatial Humanities Series, Bloomington: Indiana University Press.
Blaschke, T., and H. Merschdorf. 2014. Geographic Information Science as a Multidisciplinary

and Multiparadigmatic Field. Cartography and Geographic Information Science 41 (3): 196–213.
Bodenhamer, D. J., J. Corrigan, and T. M. Harris eds. 2010. The Spatial Humanities: GIS and the

Future of Humanities Scholarship. Bloomington: University of Indiana Press.
Bol, P. K. 2012. On an Infrastructure for Historical Spatial Analysis. History and the Digital Image

Forum. [https://www.historians.org/publications-and-directories/perspectives-on-history/oc
tober-2012/history-and-the-digital-image/on-an-infrastructure-for-historical-spatial-analysis].

Bunge, W. 1968. Fred K. Schaefer and the Science of Geography. Harvard Papers in Theoretical
Geography: Special Papers Series (A): 1–22.

Burrough, P. A., and A. U. Frank. 1996. Geographic Objects with Indeterminate Boundaries.
London: Taylor & Francis.

Cheng, T., and M. Molenaar. 1999. Objects with Fuzzy Spatial Extent. Photogrammetric
Engineering & Remote Sensing 65 (7): 797–801.

Couclelis, H. 2012. Climbing On a Milestone for a Better View: Goodchild’s “Geographical
Information Science” Paper as Vantage Point and Ground for Reflection. International
Journal of Geographical Information Science 26 (12): 291–300.

Cova, T. J., and M. F. Goodchild. 2002. Extending Geographical Representation to include Fields
of Spatial Objects. International Journal of Geographical Information Science 16 (6): 509–532.

DiBiase, D., M. DeMers, A. Johnson, K. Kemp, A. T. Luck, B. Plewe, and E. Wentz. 2006.
Geographic Information Science and Technology Body of Knowledge. Washington, DC:
Association of American Geographers.

Dobson, J. 1983. Automated Geography. Professional Geographer 35 (2): 135–43.
Elwood, S. A., and A. Leszczynski. (2013). New Spatial Media, New Knowledge Politics.

Transactions of the Institute of British Geographers, 38 (4): 544–559.
Feizizadeh, B., M. S. Roodposhti, P. Jankowski, and T. Blaschke. 2014. A GIS-based Extended

Fuzzy Multi-criteria Evaluation for Landslide Susceptibility Mapping. Computers &
Geosciences 73: 208–221.

Fisher, P. F., and S. Pathirana. 1990. The Evaluation of Fuzzy Membership of Landcover Classes
in the Suburban Zone. Remote Sensing of Environment 34: 121–132.

Fonte, C. C., and W. A. Lodwick. 2005. Modelling the Fuzzy Spatial Extent of Geographical
Entities. In Fuzzy Modeling with Spatial Information for Geographic Problems, edited by F. E.
Petry, V. B. Robinson, and M. A. Cobb, 121–142. New York: Springer.

Giordano, A., and T. Cole. 2018. The Limits of GIS: Towards a GIS of Place. Transactions in GIS
(June): 1–13. https://doi.org/10.1111/tgis.12342.

Goodchild, M. F. 1992. Geographic Information Science. International Journal of Geographical
Information Systems 6 (1): 31–45.
-. 2007b. Towards a General Theory of Geographic Representation in GIS. International

Journal of Geographical Information Science 21 (3): 239–260.
-. 2008. Combining Space and Time: New Potential for Temporal GIS. In Placing History:

How Maps, Spatial Data, and GIS Are Changing Historical Scholarship, edited by A. K.
Knowles, 179–197. Bloomington: Indiana University Press.

304 GEOGRAPHICAL REV I EW

 19310846, 2019, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gere.12313 by U

niversity O
f C

alifornia, W
iley O

nline L
ibrary on [01/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.historians.org/publications-and-directories/perspectives-on-history/october-2012/history-and-the-digital-image/on-an-infrastructure-for-historical-spatial-analysis
https://www.historians.org/publications-and-directories/perspectives-on-history/october-2012/history-and-the-digital-image/on-an-infrastructure-for-historical-spatial-analysis
https://doi.org/10.1111/tgis.12342


-. 2010. Twenty Years of Progress: GIScience in 2010. Journal of Spatial Information Science
1: 3–20.
-., and L. L. Hill. 2008. Introduction to Digital Gazetteer Research. International Journal of

Geographical Information Science 22: 1039–1044.
-., and P. Longley. 2014. The Practice of Geographic Information Science. In Handbook of

Regional Science, edited by M. M. Fischer and P. Nijkamp, 1107–22. Berlin: Springer.
-., M. Yuan, and T. J. Cova. 2007. Towards a General Theory of Geographic

Representation in GIS. International Journal of Geographical Information Science 21 (3–4):
239–260.

Gr€aler, B., E. Pebesma, and G. Heuvelink. 2016. Spatio-temporal Interpolation Using Gstat. The
Comprehensive R Archive Network [https://cran.r-project.org/web/packages/gstat/vignettes/spa
tio-temporal-kriging.pdf].

Guan, W., P. K. Bol, B. G. Lewis, M. Bertrand, M. L. Berman, and J. C. Blossom. 2012.
WorldMap—A Geospatial Framework for Collaborative Research. Annals of GIS 18 (2):
121–134.

Gregory, I. N. 2008. “A Map Is Just a Bad Graph”: Why Spatial Statistics Are Important in
Historical GIS. In Placing History: How Maps, Spatial Data, and GIS Are Changing Historical
Scholarship, edited by A. K. Knowles, 123–149. Bloomington: Indiana University Press.

Hartshorne, R. 1939. The Nature of Geography: A Critical Survey of Current Thought in the Light
of the Past. Lancaster, Penn.: The Association of American Geographers.

Hill, L. L. 2000. Core Elements of Digital Gazetteers: Placenames, Categories and Footprints. In
Research and Advanced Technology for Digital Libraries, edited by J. Borbinha and T. Baker,
280–290. Berlin: Springer-Verlag Berlin Heidelberg.
-. 2006. Georeferencing: The Geographic Associations of Information. Cambridge, Mass.: MIT

Press.
Janowicz, K., S. Scheider, T. Pehle, and G. Hart. 2012. Geospatial Semantics and Linked

Spatiotemporal Data—Past, Present, and Future. Semantic Web—On Linked Spatiotemporal
Data and Geo-ontologies 3(4): 321–332.

Jiang, B., and S. A. Brandt. 2016. A Fractal Perspective on Scale in Geography. ISPRS
International Journal of Geo-Information 5 (6): 95.

Knowles, A. K., T. Cole, and A. Giordano, eds. 2014. Geographies of the Holocaust. Bloomington:
University of Indiana Press.

Knowles, A. K., L. Westerveld, and L. Strom. 2015. Inductive Visualization: A Humanistic
Alternative to GIS. GeoHumanities 1 (2): 33.

Kraak, M. 2003. The Space-Time Cube Revisited from a Geovisualization Perspective.
Proceedings of the 21st International Cartographic Conference, 1988–1995. Durban, South
Africa, 10–16 August.

Kwan, M.-P. 1999a. GIS Methods in Time-Geographic Research: Geocomputation and
Geovisualization of Human Activity Patterns. Geografiska Annaler 86B (4): 267–280.
-. 1999b. Gender, the Home-work Link, and Space-time Patterns in Nonemployment

Activities. Economic Geography 75 (4): 370–394.
-. 2002. Feminist Visualization: Re-envisioning GIS as a Method in Feminist Geographic

Research. Annals of the Association of American Geographers 92 (4): 645–661.
Lammes, S., C. Perkins, A. Gekker, S. Hind, C. Wilmont, and D. Evans. 2018. Time for Mapping:

Cartographic Temporalities. Manchester, U.K.: Manchester University Press.
Langran, G. 1992. Time in Geographic Information Systems. London: Taylor & Francis.
Longley, P. A., M. F. Goodchild, D. J. Maguire, and D. W. Rhind. 2016. 4th Ed. Geographic

Information Systems and Science, p: xii. Danvers, MA: John Wiley & Sons, Inc.
Lang, S., S. Kienberger, D. Tiede, M. Hagenlocher, and L. Pernkopf. 2014. Geons—Domain-

specific Regionalization of Space. Cartography and Geographic Information Science 41 (3):
214–226.

Li, L., and P. Revesz. 2002. A Comparison of Spatio-temporal Interpolation Methods. In
Geographic Information Science, edited by M. J. Egenhofer and D. M. Mark, 145–160. Berlin:
Springer-Verlag.

Maguire, D. 2007/2008 Winter. GIS and Science. ArcNews. Esri. [http://www.esri.com/news/arcne
ws/winter0708articles/gis-and-science.html].

ON THE GEOGRAPHIC IN GIS 305

 19310846, 2019, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gere.12313 by U

niversity O
f C

alifornia, W
iley O

nline L
ibrary on [01/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://cran.r-project.org/web/packages/gstat/vignettes/spatio-temporal-kriging.pdf
https://cran.r-project.org/web/packages/gstat/vignettes/spatio-temporal-kriging.pdf
http://www.esri.com/news/arcnews/winter0708articles/gis-and-science.html
http://www.esri.com/news/arcnews/winter0708articles/gis-and-science.html


Mark, D. M. 2000. Geographic Information Science: Critical Issues in an Emerging Cross-
disciplinary Research Domain. Journal of the Urban and Regional Information Systems
Association 12 (1): 45–54.
-. 2003. Geographic Information Science: Defining the Field. In Foundations of Geographic

Information Science, edited by M. Duckham, M. F. Goodchild, and M. F. Worboys, 1–18.
New York: Taylor and Francis.

Matsakis, P., L. Wendling, and J. Ni. 2010. A General Approach to the Fuzzy Modeling of Spatial
Relationships. In Methods for Handling Imperfect Spatial Information. Studies in Fuzziness
and Soft Computing, edited by R. Jeansoulin, O. Papini, H. Prade, and S. Schockaer (vol.
256). Berlin: Springer.

Mattingly, D. J., and K. Falconer-Al-Hindi. 1995. Should Women Count? A Context for the
Debate. The Professional Geographer 47 (4): 427–435.

McDonald, J. P. 2011. Geography: Its Place in Higher Education. IUPUI Scholar WORKS [http://
hdl.handle.net/1805/2514].

Miller, H. J. 2004. Tobler’s First Law and Spatial Analysis. Annals of the Association of American
Geographers 94 (2): 284–289.
-., and E. A. Wentz. 2003. Representation and Spatial Analysis in Geographic Information

Systems. Annals of the Association of American Geographers 93 (3): 574–594.
Molenaar, M., and T. Cheng. 1998. Fuzzy Spatial Objects and Their Dynamics. IAPRS ISPRS

Commission IV Symposium on GIS—Between Visions and Applications 32(4): 389–393.
Mostern, R. 2010. Putting the world in world history. Journal of the Association for History and

Computing 13(1) [https://quod.lib.umich.edu/j/jahc/3310410.0013.103/–putting-the-world-in-
world-history?rgn=main;view=fulltext].
-., and I. Johnson. 2008. From Named Place to Naming Event: Creating Gazetteers for

History. International Journal of Geographic Information Science 22 (10): 1091–1108.
Murphy, A. B. 2007. Geography’s Place in Higher Education in the United States. Journal of

Geography in Higher Education 31 (1): 121–141.
National Geospatial Advisory Committee. 2015. The Changing Geospatial Landscape: A Second

Look. [https://www.fgdc.gov/ngac/meetings/december-2015/the-changing-geospatial-landsca
pe-second-look.pdf].

Parent, C., S. Spaccapietra, and E. Zim�anyi. E. 2006. Conceptual Modeling for Traditional and
Spatio-Temporal Applications: A MADS Approach. Berlin: Springer-Verlag.

Pavlovskaya, M. 2006. Theorizing with GIS: A Tool for Critical Geographies? Environment and
Planning A 38: 2003–2020.
-. 2009. Non-quantitative GIS. In Qualitative GIS: A Mixed-Methods Approach, edited by

M. Cope and S. A. Elwood, 13–37. London: Sage.
Peuquet, D. J. 2002. Representations of Space and Time. New York: Guilford.
Pickles, J. 1997. Tool or Science? GIS, Technoscience, and the Theoretical Turn. Annals of the

Association of American Geographers 87 (2): 363–372.
Rankin, W. 2016. After the Map: Cartography, Navigation, and the Transformation of Territory in

the Twentieth Century. Chicago: University of Chicago Press.
Schaefer, F. K. 1953. Exceptionalism in Geography: A Methodological Examination. Annals of the

Association of American Geographers 43 (3): 226–249.
Schneider, M. (date unknown). Fuzzy Spatial Data Types for Spatial Uncertainty Management in

Databases. University of Florida, Department of Computer & Information Science &
Engineering. [https://www.cise.ufl.edu/~mschneid/Research/papers/Sch08BoCh.pdf].

Schuurman, N. 1999. Critical GIS: Theorizing an Emerging Science. Cartographica 36 (4): 7–108.
Sieber, R. E. 2004. Rewiring for a GIS/2. Cartographica 39 (1): 25–39.
Stein, M. L. 2005. Space: Time Covariance Functions. Journal of the American Statistical

Association 100 (469): 310–321.
Tobler, W. R. 1970. A Computer Movie Simulating Urban Growth in the Detroit Region.

Economic Geography 46: 234–240.
Wilson, M. W. 2017. New Lines: Critical GIS and the Trouble of the Map. Minneapolis: University

of Minnesota Press.
Wright, D. J., M. F. Goodchild, and J. D. Proctor. 1997. Demystifying the Persistent Ambiguity

of GIS as “Tool”. Annals of the Association of American Geographers 87 (2): 346–362.

306 GEOGRAPHICAL REV I EW

 19310846, 2019, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gere.12313 by U

niversity O
f C

alifornia, W
iley O

nline L
ibrary on [01/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://hdl.handle.net/1805/2514
http://hdl.handle.net/1805/2514
https://quod.lib.umich.edu/j/jahc/3310410.0013.103/%e2%80%93putting-the-world-in-world-history%3frgn%3dmain%3bview%3dfulltext
https://quod.lib.umich.edu/j/jahc/3310410.0013.103/%e2%80%93putting-the-world-in-world-history%3frgn%3dmain%3bview%3dfulltext
https://quod.lib.umich.edu/j/jahc/3310410.0013.103/%e2%80%93putting-the-world-in-world-history%3frgn%3dmain%3bview%3dfulltext
https://www.fgdc.gov/ngac/meetings/december-2015/the-changing-geospatial-landscape-second-look.pdf
https://www.fgdc.gov/ngac/meetings/december-2015/the-changing-geospatial-landscape-second-look.pdf
https://www.cise.ufl.edu/~mschneid/Research/papers/Sch08BoCh.pdf


-. 2012. Theory and Application in a Post-GISystems World. International Journal of
Geographical Information Science 26 (12): 2197–209.

Yuan, M. 2001. Representing Complex Geographic Phenomena with Both Object- and Field-like
Properties. Cartography and Geographic Information Science 28 (2): 83–96.
-. 2016. 30 Years of IJGIS: The Changing Landscape of Geographical Information Science

and the Road Ahead. International Journal of Geographical Information Science 31 (3):
425–434.

ON THE GEOGRAPHIC IN GIS 307

 19310846, 2019, 3, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/gere.12313 by U

niversity O
f C

alifornia, W
iley O

nline L
ibrary on [01/12/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


