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enfolding: an experimental geographical imagination system (gis)  
 
The transcontinental railroad carves a narrow corridor through the landscape, linking together 
tiny stations in small towns between major metropolises, giving passengers glimpses into 
otherwise inaccessible landscapes as the train slowly makes its way through canyons and deserts 
and mountain passes. Today, the anachronistic experience of train travel might seem impossibly 
slow, especially when compared to the jets that crisscross the sky above, but the previously 
unimaginable speed of train travel not only fundamentally changed the space of the American 
continent by bringing distant places much closer together, it also profoundly shifted a passenger’s 
situated experience of space. As the changing landscape whisks by the window, the passenger 
experiences a slice of the geography, sometimes as dream, other times as exhibition, as the 
narrow viewing corridor of the train’s path progresses along the tracks. Far above, another space 
is being produced and experienced, as jets connect major cities together. For these passengers, 
the spaces between airports are hazy and distant, viewed through a tiny portal from 35,000 feet, 
interpenetrated with dreams, interrupted by clouds, and usually only at the edge of a distracted 
consciousness. So too do cars, buses, fiber optic cables, satellite relays, cellular signals, books, 
newspapers, aromas, sounds, hate, and love produce rifts in space-time, carve wormholes 
between distant places, fold space in surprising ways, and leave the unconnected, in-between 
spaces ever more distant. 
 
Human geographers have produced rich and complex ways of describing and understanding 
how space is produced in and through various relations, technologies, and infrastructures, but 
what happens when we attempt to map these phenomena? Using commonly available 
Geographic Information Systems (GIS) software, we might plot the paths of railways or flights by 
precisely locating those trajectories using cartesian coordinates and dropping them onto a 
projected and flattened representation of Euclidean space rendered on a plane. What results is an 
all-seeing view from nowhere (Haraway 1988) with various paths and connections, probably in 
different colors or using different symbolization, overlaid onto a basemap. Representations like 
this are useful of course, giving important insights into geographic understandings of phenomena, 
but when compared to the rich descriptions of space produced in human geographic theory, 
these representations and the software functions that make them possible seem quite limited in 
their ability to account for differentially situated spatialities.  
 
It is for an expanded sense of space that we call for a shift from currently-existing geographic 
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information systems to a broader realm of geographical imagination systems (gis).1 Our 
conceptualization of gis is marked by expanded computational and conceptual grammars that 
move from representing things in a taken-for-granted space to also having gis engage space as 
such. Holey spaces, relational spaces, blank spots on the map, the unknown and the uncertain, 
the unmappable (and that which should not be mapped), the dreamscape, and other spatial 
concepts that are unworkable in GIS as we know them, become starting points for dealing with 
space in gis. Instead of space solely acting as a backdrop for individuated things and phenomena, 
gis is predicated on the understanding of space as being produced in and through relations and 
phenomena. This means that the relations produced in and through the transcontinental railroad 
result in a different space than that of the network of air travel. These geometries differ too from 
the situated and differential experiences of those who are passengers on these modes of travel. 
How, then, can gis produce meaningful visualizations of these complex spatialities that resist 
space becoming a taken-for-granted container in which stuff happens? How can space become a 
matter-of-concern, as it has for so many human geographers, posed as a problem, always in 
motion, worthy of attention, and always unfinished? 
 
To these ends, we have suggested the need for an expanded understanding of gis as well as begun 
iteratively creating a prototype example we call enfolding (Authors 2017). This software platform is 
one possible beginning of a more experimental approach to visualizing space and geographic 
phenomena, where users are not confined to the limitations of software rooted in Euclidean 
understandings of space, but where space is co-produced with phenomena (Sieber 2004; 
Sheppard 2005). By freeing spatial representations from the confines of a particular sedimented 
mathematical understanding of space, we believe this tool, and the broader concepts of which it 
is a part, helps free geographical imaginations. Space, understood as relational or absolute, static 
or always in motion, becomes a medium to be sculpted, collaged, torn apart, and reconnected in 
creative ways, while being grounded in spatial concepts developed throughout the history of 
geography.  
 
enfolding  
 
Planar maps, spherical globes, and other spatializations of the enlightenment geodetic project are 
but the simplest surfaces capable of offering us geographic imaginations of human (or more-than-
human) experience. Enfolding offers an expanded visual practice of mapping that unfolds in 
conversation with complex, even contradictory notions of spatiality the interlocutor inputs 
through a web platform. In enfolding, the user does not directly fold, crumple, cut, or montage 
space in the manner that a map artist working with existing planar map materials might. Instead, 
the user expresses notions of distance, proximity, connection, rupture, and ambiguity; enfolding 
then tries to reconcile these with each other, with the resulting algorithmic reading-as-
deformation (cf. Ramsay 2011) rendered in a two or three dimensional image.  
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Figure 1: Two archetypes of spatial relations: connections bypassing distance (upper) and paths of smoother travel 
(bottom). 
 
Enfolding’s design reflects the principle that enfolding does not facilitate directly manipulating 2D 
images through collaging and crumpling. Were it to be a platform where actions were taken on 
the objects directly, enfolding could have a single window in which the user would work. Instead, 
enfolding differentiates between activities in two interconnected views—one view for intervening in 
a ‘plane of relations’ (see left half of Figure 1 for a simplified representations) and one for 
rendering and exploring spaces that result (see right half of Figure 1). Moving back and forth 
between these two views, engaging each, is the core practice of the enfolding platform. 
 
In the plane of relations, one brings in images (often maps) and proceeds to define the proximities 
among points within or between such images. Are distances within a map consistent and 
comparable across the map? We may often assume so when we look at a new map, but enfolding 
does not make this assumption when a new image is imported into the plane of relations. Instead, 
enfolding asks the geographer to explicitly define distances along connections among different 
points in the image. When one imports a new image, enfolding defaults to assuming that the four 
edges of the rectangular image connect the four corners of the image. Those edges connect 
corners with distances by default proportional to the conventional dimensions of the image 
encoded in its file. As a practical matter, the next step is usually to employ a ‘grid’ tool on the 
image, a feature enfolding provides to create a further mesh of points whose distances among them 
are similarly initially set to Euclidean defaults. This reinscription of the image into a Euclidean 
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spatiality is fleeting, however. It serves to render legible the subsequent departures from the 
Euclidean space usually assumed for the map. From the starting point of such a rectangle or grid, 
geographers are free to edit any of the distances that compose the grid. Most importantly, 
geographers are free to add new connections among new (or existing) points within (or between) 
the images and specify the distances those connections should have.  
 
It is in a separate view, of ‘resultant’ space, that these competing claims about affinities and 
alienation within and across images are worked through and renderings of other spaces 
produced. The set of connections specified in the plane of relations among points within the 
images defines a network. The software fills in the distances among all points, not just those 
distances directly specified by the geographer in the plane of relations. Distances among points 
are assumed to be the shortest-path summation of distances among intermediate points; the 
Floyd-Warshall algorithm calculates these. Once enfolding has the distances among all defined 
points within the images (in a matrix), it reconciles these distances the best that it can into a 
configuration that is capable of being rendered on a 2D screen or within 3D virtual reality. This 
is a problem of dimensionality reduction. Especially given that geographers have a long history of 
using multidimensional scaling (MDS) techniques to approximate higher dimensional spaces in 
lower dimensional coordinate systems (Gatrell 1983; Kruskal and Wish 1978), we too have used 
MDS in enfolding, though this is only one class of a larger set of possibilities. The result of applying 
MDS to the matrix of inter-point distances is a new set of coordinates for those points in 2D or 
3D (the geographer’s choice) whose Euclidean distances attempt to approximate the distances 
among points specified in the original matrix. Finally, in a concession to spatial continuity, we 
drape the original images over and between their corresponding points in the new space, 
stretching, curving, crumpling, intersecting, and overlapping. As we only really know with any 
definitiveness where the anchor points in the original images translate into the new space, we 
must have a method of estimating how the rest of the original images map to the new space. To 
do so, we calculate separate Delaunay triangulations for each set of points within the original 
images; each facet of this triangular mesh then is linearly interpolated into a corresponding 
triangular mesh in the transformed space. In that resulting space, there are a variety of options to 
vary the rendering (and thus the interpretation), including panning, zooming, rotating, and 
changing translucency. There are also options to export the results for post-processing. We thus 
complete one iteration in the journey from the specification of anchor points and distances within 
the images of the plane of relations to the folded images in the resultant space. 
 
Abstract examples of how the plane of relations and resulting spaces interrelate, shown in Figure 
1, are helpful in understanding the practices and possibilities of enfolding. In each row, a blank 
image with a white grid is enfolded. The planes of relations on the left side are shown with their 
corresponding resulting spaces on the right side. Within the planes of relations, anchor points 
between the image and the network of connections between said points are small grey circles. 
Connections themselves are medium grey or black; medium grey connections have the default 
Euclidean distances associated with them, while black connections are shorter than Euclidean 
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distances would have them. The upper resulting space is rendered in 3D; the bottom, in 2D, to 
show both options. 
 
Figure 1 illustrates two archetypes of spatial relations—among what is an undetermined larger 
number of possibilities—whose interpretation enfolding facilitates. The upper row illustrates how 
affect, war, dreams, or finance might bypass what would have appeared, by other means, to have 
been great distance. The bottom row, by comparison and contrast, also shows connections over 
distance, but has its faster or shorter connections intersecting with the rest of the landscape at 
many points along the way, drawing many intermediate areas into its channel. 
 
We have drawn these examples with the abstract underlying imagery of the light grid because we 
wish to invite you to fill them in with your own geographical imagining. It is also informative to 
examine how spatial relations find expression in concrete illustrations. The preceding examples 
were of relations within a single image. Yet enfolding foregrounds the multiplicity, montaging, and 
discontinuities of spaces by allowing for more than one image to be loaded into the plane of 
relation and subsequently interrelated. In Figure 2, we offer an interpretation of a drone strike as 
having reconfigured understandings of distance and proximity between two places—a military 
base and a town (see Gregory 2011). Each has an associated image which was loaded into the 
plane of relations and separately overlain by grids of Euclidean distances. The two images were 
then placed into relationships with each other through adding connections between them in the 
plane of relations. Enfolding thus allows the interpretation of wormholes—here, spatial 
relationships produced by globalization (Sheppard 2002).  
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Figure 2: Interpretation of drone strike as sociospatial wormhole using enfolding. 
 
Distance and proximity, as enfolding constructs and renders them editable in the plane of relations, 
are worth reflecting on here. Distances in enfolding are all positive numbers with an arbitrary unit 
of measurement. This concept is inherited from the ideals embedded in the Euclidean map (even 
if distance is one of the measures that is hardest to render consistently across a classical 
cartographic projection). The meanings of these numbers used for distances within enfolding 
needn’t be those of the cartographic map—as implied above, these distance numbers may stand 
in for any of a whole range of notions of proximity, affinity, awareness, correspondence, 
displacement, or disjuncture. But distances remain as numbers, at least within the current 
conceptual frame and available algorithms of enfolding. 
 
Further, distances within enfolding are all symmetric and equidistant between pairs of points. This 
is potentially limiting for the expressiveness of the resulting spaces. Sociospatial relationships are 
often not symmetric, interwoven as such relationships are with power, position, and meaning 
(Wood 1978; Massey 1991). An example is found in Figure 2, where the relations between the 
parts of the space interconnected by the wormhole are hardly ones of equality or equivalence. 
Although the present approach of enfolding cannot directly reflect such relationships within single 
geometries, it does support other avenues toward expressing unequal relationships. One is the 
making of multiple maps, each expressive of the view from a different positionality or with a 
different understanding of distance and proximity. A different set of approaches is being 
developed by enabling the alteration of the rendered spaces of enfolding. A tool provided within 
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the view of the resulting space within enfolding affords the ability to adjust the transparency or 
opacity with which images render. When the terrain of the military base in Figure 2 is rendered 
somewhat transparent, it might be signifying the haunting of the town landscape by the 
wormhole of the surveillance and strike. In other, rather different ways, landscapes expressing 
dreams or other temporalities might likewise be rendered translucent, allowing them to engage 
and decenter the unitary reality otherwise suggested by many maps. 
 
In another consequence of enfolding having emerged as a creative critique of the traditions of 
cartography and GIS that themselves have largely chosen the world of surfaces as their geometric 
ontology, enfolding likewise focuses on the creation and manipulation of flat surfaces and images. 
Geographical imagination systems should not all be limited in such a manner. Mathematically, it 
is relatively straightforward to imagine ways in which the present enfolding ‘plane’ of relations 
could be extended to higher dimensions and to time, such that animations, cinema, and even 
virtual realities could be interrelated and then resulting spaces explored. The current enfolding 
already supports the use of virtual reality to engage its results. It remains a challenge shared with 
virtual and mixed realities more generally as to how enfolding might conceptualize and actualize a 
user interface facilitating such manipulations of spaces beyond the surfaces of maps and images. 
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Figure 3: Animation stills of a map morphing under changing measures of distance 
 
Space as a process  
  
With its focus on building networks of relations and playing with measurements of distance, 
enfolding offers entryways into topological theories of space as they have been taken up within 
geography. Topology, as a socio-theoretical concept (in conversation with, but not reducible to, 
discourses of mathematics), is concerned with identifying connections between a set of points, to 
understand how figures can undergo "bending, stretching, and squeezing” while maintaining the 
same set of connections (Secor, 2013: 431). For spatial theorists, topology can then be deployed 
“to conceptualize the dialectic between continual change and enduring relations" and to 
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undermine static, metaphysical and ontological notions of space, which is one reason it has been 
attractive to many poststructural theories of space (Martin and Secor 2014, 422). One way of 
using enfolding to explore socio-theoretical topology is to define a set of point and nodes, change 
distances from their default Euclidean values to user-defined measures, and explore how the 
resultant map changes.   
 
Maps can then be saved and morphed into other maps with equal numbers of points and 
connections, but with different measures of distance (see Figure 3). In mathematical topology, 
figures that can undergo such a transformation are considered to be homotopic. Transformations 
like these afford the ability for space to be conceptualized as dynamic or processual while 
retaining enduring connections that maintain legibility across figures (Allen 2011). Within 
enfolding, animations become a means to explore and speculate on the plasticity and dynamism of 
spaces (Forer 1978) understood topologically. Animations further serve to undermine the map's 
seemingly objective claims to knowledge, instead foregrounding the subjective, partial, and 
fragmented nature of knowledge, further suggesting the need for interpretive and speculative 
readings (Drucker 2009). 
 
Another contribution of topology to social theory is its ability to break down distinctions between 
inside and outside. Topological figures like the Möbius strip, the torus, and cross-cap all 
“interiorize their exteriors and exteriorize their interiors” in different ways (Secor 2013, 437). 
This affords theorists the possibility to give a formal language to certain relational claims such as, 
“the global as part of what constitutes the local, the outside as part of the inside” (Massey 1994), 
or Gillian Rose’s (2007) description of paradoxical space, which resists representation in 
Euclidean space. Rose writes, "This space is multidimensional, shifting and contingent. It is also 
paradoxical, by which I mean that spaces that would be mutually exclusive if charted on a two-
dimensional map – centre and margin, inside and outside – are occupied simultaneously" (140). 
The breakdown of binaries that typifies many poststructuralist accounts of space, like those of 
Massey and Rose, makes topological language appealing as a theoretical tool. In his examination 
of the complex geopolitics of the colonial present, for example, Derek Gregory (2004) uses 
topology as a way to explicate the complex, twisting and turning of borders, thresholds, and 
states of exception that bring together interiors and exteriors, and the 'us' and 'them' of colonialist 
legacies (255).  
 
Jacques Lacan deployed topological figures, like the ones described above, to understand the 
subject as both interior and exterior, offering a corrective to Freud’s inability to make Euclidean 
space ‘work’ as more than a metaphor (Blum and Secor, 2011: 1032). Lacan (Lacan, 2006) insists 
that his use of a torus to represent the subject is “more than a metaphor—it manifests a 
structure,” one whose “peripheral exteriority and central exteriority constitute but one single 
region” (264). This allows for a re-conceptualization of the subject as co-constitutive with the site 
(Secor, 2013: 429), breaking down the separation between material and psychic space (Blum and 
Secor, 2011: 1045). Or, for example, through the figure of the Möbius strip, we can better 
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understand “[o]n the one hand, the transference of people’s intimate feelings, thoughts and 
beliefs on to an external object, and, on the other hand, the stirring and blooming of people’s 
inner feelings, thoughts and beliefs by an external object" (Kingsbury, 2007: 245). 
 
Enfolding offers possibilities for creating, exploring, and playing with some of these topological 
figures. None are given in advance, but must be created by defining relations in the 2D editing 
interface, which are then algorithmically translated into 3D figures. To map in a way that blurs 
inside and outside, then, requires an understanding of the underlying relations that make such a 
space possible. Rather than complex topological forms existing as pregiven figures to inform 
theorizing, such figures are only produced through the mapping process, giving the geographer a 
deeper understanding of their characteristics while also opening the possibility for new figures 
that are immanent to the relations and spaces being mapped.        
 
From GIS out into wider gis 
 
“Can enfolding do X?” has been the starting point for experiments and extensions as the 
possibilities for GIS open up once freed from the imaginative confines of Euclidean space. Just as 
it has been argued and shown that GIS needn’t be a positivist practice (Schuurman 2002), we see 
gis as a realm for further epistemological and ontological experimentation in geographic 
computation and spatial theorization alike. If gis can aspire to be other than a ‘mirror of nature’ 
(Rorty 1979), what other metaphors might we use to organize practices of gis? One possibility is 
that gis can be coded to reflect the reading and writing of texts, interpretation and inscription 
(Drucker 2009; Bergmann 2016). What would a gis be if it were avowedly hermeneutic, and, 
further, made less distinction between different types of texts—whether they be code, visuals, 
mathematical formulae, or writing—helping us think of them all as complementary approaches 
to theorizing space and geography?  
 
Enfolding is indeed just one of many possible geographical imagination systems. In some cases, to 
relax or change the assumptions that constrain and enable enfolding may be possible within 
enfolding’s general framework. Enfolding, as it is today, may be run in a web browser at 
https://foldingspace.github.io/enfolding. Its code may be found (and extensions suggested) at 
https://www.github.com/foldingspace/enfolding. We hope others will join us in building and 
using enfolding and other experimental platforms that help us move out of GIS into the broader 
realms of gis.  
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Notes 
 
1 Our thanks go to Jamie Peck for suggesting that we change what we had been styling 
Geographical Imagination Systems (GIS) to geographical imagination systems (gis). 

 


