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Abstract: Place and space were antagonists in geographic information science for a 
long time, but not anymore. Place, it is argued here, is a location (in an environment, 
not in an empty space) with properties that give it ‘shape and character’ and which 
enable conversations about place. To realize this argument, place can be characterized 
by Alexander’s theory of centers, where 15 structural properties that characterize a 
whole are assembled. This paper investigates these properties and their relationship to 
place by identifying theories within geographic information science that can be 
employed for their formalization. We argue therefore that we already have some tools 
to observe these properties for characterizing places, while many traditional issues 
with modeling place — for example, their typical lack of crisp boundaries, their 
subjective notion, and their reliance on context — may no longer pose a problem. 
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1 Introduction  
Philosopher Jeff Malpas argues that “…place is such a central and ubiquitous concept 
across so many disciplines […] in the arts, humanities and social sciences in the 
twenty-first century” [40]. Indeed, place is an important term in the disciplines of 
geography and Geographic Information Systems (GISs) as well. While it is a key 
geographical concept, place with its non-quantifiable character has in the past largely 
escaped GISs, which since their inception, represent and manipulate measurable 
features in spatial form. However, and due to recent technological advances, the 
importance of the concept of place in everyday life is evident and ever growing. The 
merging of mapping software and social media apps provides constant streams of 
information about where people or things are, in what is in essence information about 
‘place’. Think for example of Foursquare: a popular app whose premise is based 
entirely on the concept of place. The resurface of the importance of place in GIS has not 
gone unnoticed by GIS scholars. Sui and Goodchild debate that:  

“Formalizing place in the GIS context will be both interesting and challenging; 
until recently, place has been off the intellectual radar screen of GIScientists, 
many of whom appear to use the two terms place and space somewhat 
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interchangeably […], yet in GIScience, we still do not have an overarching 
theory of place or how to work with the concept.”[48, pg. 1744] 

The above-stated realization asserts that no matter how ubiquitous in its use — as a 
word that people use daily in the English-speaking world — place is not well defined 
in academic terms. While fundamental in many disciplines, it is a concept planted in 
common sense, thus evoked in many different ways. Tim Cresswell in his book ‘Place: 
an introduction’ offers a wide coverage of the different definitions of place and its 
centrality in both everyday life and interdisciplinary academic endeavor [12]. 
Definitions of the word place go as far back as Aristotle and Plato, who introduced the 
terms chora and topos — what in a free English translation one would think of as region 
and place, respectively — with the second term being the obvious root of geographic 
terms such as topography and topology. However, each discipline, including 
GIScience, provides different definitions of the concept of place, none of which seems 
to be all-encompassing given its commonsensical nature. In this work we pose the 
following question: Rather than focusing on an all-encompassing definition of the 
concept of place, can we, instead, provide a set of ‘properties of place’, which would 
allow its formalization and realization in different contexts and applications in GIS? 
To start answering this question, we go back to Malpas’ [41] approach of 
interdisciplinarity not as a featureless mélange of research related to place, but rather as 
research which has, in a sense, its own topography — locations with properties that 
give them ‘shape and character’ and which enable conversations about place. Fittingly 
then, our approach combines theories from GIScience with a toolset borrowed from the 
field of architecture: the theory of centers [2]. In this theory, Alexander assembles 15 
structural properties that characterize a whole (see Table 1) — wholeness, in this 
theory is any living order or structure that exists in things and which people can feel. 
Such felt orders are factual and independent of individual cognition. These 15 
properties can help generate a variety of ‘good’ patterns with this so-called living 
structure [23, 50]. As an architect, Alexander developed the theory of centers in an 
effort to make shared values and human senses part of science. He believed that 
existing science based on the positivists’ mechanical view of the world, cannot layout a 
scientific foundation for architecture, whose goal should be to create structures and 
places where life can be sustained and people can feel connected to. 

Table 1 Alexander's 15 Properties of Wholeness [2] 

 
Observing these 15 properties through GIScience lenses, one can see that most, if not 
all of them, can be immediately identified as properties that already exist in theories 
developed for formalizing place in the discipline. In the remaining of this paper, we 
examine these theories and analyze how these 15 properties already correspond to 
characteristics of places. Our aim is to create a dialogue within GIScience for 
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developing a set of place properties, with which any place can be uniquely identified 
in various contexts, depending on the domain of the properties’ values. Such a 
properties set frees GIScientists from adhering to a specific definition of the concept of 
place, which would necessarily need to change according to different application 
fields. 

2 Properties  of  Places  
Much like Christaller developed central-place theory in geography [11], concerned 
with the size and distribution of central places (or settlements) within a system in an 
effort to explain how central places of different sizes are located in relation to, and 
affecting each other, Alexander’s theory of centers [2] attempts to measure the degree 
of life in structures by the number of fundamental structural properties they comprise. 
The notion of centers, therefore, is an important one in any such framework concerning 
the spatial organization of elements. Having this concept in mind, the remaining of this 
section discusses how some of Alexander’s 15 properties of wholeness can be already 
identified in place related theories in GIScience and can, therefore, be used to uniquely 
characterize and perhaps formalize places. 

2.1 Levels  of  scale  
Formations within and across places can exhibit different scales. Place attachment is a 
term used to describe the emotional ties people experience with places of different 
scale [38], such as their room/residence [7, 16], neighborhood, suburb, city [37], region, 
or country, places such as landscapes [29], forests, lakes, summer houses [53], or 
beaches etc. Apart from place attachment, terms such as place identity, sense of place, 
place satisfaction and others are used to name people’s relations with places of 
different scale, and it is still debatable whether the concept itself is a multi or single 
dimensional one (for a review see [16]). However, what is perhaps more interesting in 
our discussion is the fact that scale is one of the fundamental place properties, which 
affects people’s cognition and perception of their surrounding environment and as a 
result, their place attachment. For example, there is evidence of a curvilinear 
relationship between scale of place and strength of place attachment. When places of 
three different scales where measured, i.e. home, neighborhood, and city, emotional 
attachment was shown stronger at the two extremes, home and city than to the 
midpoint of the scale where neighborhood is typically found [21] (see [38] for a review 
of empirical case studies on the effect of place scale on place attachment). In GIScience 
and geography there is no shortage of research on mathematical models of scale in 
natural or artificial structures, from nature’s self-organization [4, 10], to fractal theory 
and ht-indices of geographic phenomena and cities [5, 19, 26, 36], to scale of topological 
patterns of street networks [24], or general accounts of scale in geography and GIS [18, 
43]. So whether the domain is geography, sociology, urban planning, humanistic 
geography, architecture or philosophy, scale is one of the fundamental properties of 
place, expressed in a plethora of models and terminologies in a variety of contexts, and 
one that affects people’s perception and sense of place. 

2.2 Strong  centers,  contrast,  boundaries,  gradients,  non-‐‑separateness,  deep  
interlock  and  ambiguity.  

As has been already stated, at the heart of Alexander’s theory is the concept of the 
existence of centers in any living structure. We argue that the existence of centers is 
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also at the heart of the place properties set. In any ‘place’ formation, there exists at least 
one, and in most cases multiple centers of varying sizes, which support each other. 
This concept is clear in the central-place theory in geography [11] and its later 
modifications [8, 30]. However, when dealing with centers in geographic reality, one 
has to consider the notions of membership (i.e., belonging to a center vs. not part of the 
center), gradient membership (a more fuzzy interpretation of belonging and not- 
belonging), as well as boundaries. Therefore, the properties of gradients and 
boundaries are also studied together with the centers property. Places such as 
metropolitan areas, wetlands, and cultural regions have gradual boundaries in contrast 
to places with well-defined boundaries such as buildings. There are many models for 
representing and reasoning with geographic objects with either crisp or gradient 
boundaries. The latter are mostly based on fuzzy sets [3, 55], rough sets [1, 13, 45], or 
supervaluation [6, 34] to deal with gradient and boundaries (for a collection of edited 
papers see also Burrough and Frank’s book [9]). 
Recently, there have been attempts within the GIScience community to explain 
structures in verbal place descriptions and to localize features without committing to 
boundaries, crisp or otherwise. Winter and Freksa [54] use contrast sets to capture 
sufficiency of places by explicating their contrast to other places, based on the claim 
that cognition and communication about places in spatial environments is a matter of 
perceiving one place as sufficiently different from another. Contrast, a fundamental 
principle in sensing and understanding [17], and one of the organizing principles of 
perception in Gestalt theory, focuses on the core instead of the fridges of concepts. No 
matter how one chooses to represent and reason with places, however, it is clear that 
centers, boundaries and contrast are properties utilized in human perception to 
recognize and differentiate one place from another. 
Places are hardly ever perceived as separate entities that exist in isolation. Rather, 
people recognize them as collections of entities and the relations between them, and in 
relations with other places. Even map sketches, the graphical externalizations of places 
as they are perceived and stored in memory, represent configurations of places and 
relations between them. These relations exist in various granularities and hierarchies, 
and exist within and across places. Freksa and Barkowsky [14] argue that what type of 
entities and relations people will choose is task-dependent. Therefore places exhibit the 
property of non-separateness as relations between within-place centers or across 
different places. These relations strengthen the ties between centers in places, as each 
one gets support from centers of equal or lesser size around it and equally supports 
larger centers. As a whole then, the entities that form a place and places them selves, 
exhibit centers, that can be contrasted to each other, may have distinct boundaries or 
gradients that create harmonious transitions between contrasting centers and they all 
belong to the same whole structure, experiencing what Alexander calls deep interlock 
and ambiguity. In Gestalt theory, this is the figure‑ground reversal phenomenon, 
where distinct parts of a whole interpenetrate each other and create ambiguity in 
visual perception [52], just like the layout of the building blocks and the spaces 
between them in a city. When observed as a whole, these various distinct parts blend, 
creating ambiguity from a visual perception point, but are ultimately experienced as a 
‘place’ in human cognition. 
As an example, think of a city with its central district and the local suburban centers. 
Within these various size centers exist other centers such as public transport stations, 
malls, stadiums, parks and centers for various other activities. Between all these exist 
relations in the forms of street networks and paths. Similarly, the city itself is 
connected with other cities via land, air and water pathways that form together larger 
metropolitan areas and countries. The center of each hierarchical level and granularity 
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has borders, some of them distinct, some others gradient, but together they blend in, 
creating non-separated places. Considering this example, one can clearly distinguish 
the resemblance of this group of properties with many of the five elements of Lynch’s 
mental maps [39]. Nodes and districts are equivalent to smaller (local) and larger 
centers, while edges relate to perceived boundaries, especially explicit ones such as 
riverbanks. And then of course, the connections or relations between them are 
represented as paths such street networks and other travel channels. 

2.3 Good  shape,  local  symmetries,  echoes,  roughness,  alternating  
repetitions,  positive  space  

These six properties together all deal with the internal structural organization of place 
elements, which give each place its distinctive, yet familiar identity. They are all 
perceived in human cognition both at the conscious and subconscious levels and 
mostly described qualitatively in natural language place descriptions. These properties 
are, however, mathematical in nature and can, therefore, easily lend themselves to 
formalization. In particular, they adhere to fractal theory and self-similarity and they 
are responsible for the patterns that make various places look similar, but yet distinct. 
Local symmetries are experienced in both natural and artificial places where different 
foci create symmetrical neighborhoods around them. Alternating repetitions are 
common in places with self-similarity patterns such as coastal places or forests. 
Positive spaces are what differentiate the figure from the ground in Gestalt theory and 
they are usually associated with the convex footprints of spatial features especially in 
the built environment, vs. the background space that surrounds them. This pattern is 
evident in the layout of a city for example [25]. Roughness has to do with the 
irregularities and imperfections in any place configuration, as the result of organic 
generative process of development that do not adhere to perfect geometric symmetries. 
This development pattern is most common in the expansion of most neighborhoods 
and cities around the world, where urban sprawl for example does not follow strict 
geometric alignments, but depends on other factors such as accessibility, demand due 
to increasing popularity of place, and others. Then the property of good shape of a 
place is the result of the cumulative good shape of its parts, such that if the individual 
centers and their surroundings are characterized by good shape by experiencing a few 
or all the aforementioned properties, then a place as the sum of its parts is also in good 
shape. Finally, echo is the property of a place when its whole structure is reminiscent 
of another place, or the sense of familiarity that people some times experience in a 
place, even when they visit it for the first time, due to its similarity with other places of 
similar properties. Echoes can be internal, as similarity of the elements within a place, 
or external, characterizing a place as a whole when compared with other places. 
While, to the best of our knowledge, there are no current models for the potential 
formalization of this subgroup of mathematical, in nature, properties, Jiang’s 
hierarchical graph for modeling the 15 wholeness properties [25] is a good starting 
point, even though the author does not specify how, in this model, each of these 
properties is distinctly measured. The existence of patterns in this group of properties 
brings in mind spatio-temporal image schemata and how they capture common 
structures from people’s repeated experiences of properties such as containment, 
linkage or contact [27, 35]. The regularity and recurrent patterns or shapes identified in 
schemata make them good candidates for formalizing local symmetries, echoes and 
alternating repetitions. In fact, Kuhn’s work [31] on ontologies of spatio-temporal 
phenomena, which uses image schemata for their spatial nature and their ability to 
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allow conceptual mappings and to construct abstract categories, could be a good first 
step toward such formalizations. 

2.4 Void,  simplicity  and  inner  calm  
Finally, the property of void is the one that exists in all places, natural and artificial, 
rural or urban, in micro- or macro-scales. It is that of empty space, a requirement for 
any place configuration through which people can move around, where space is not 
completely filled. It is also one of the properties that allows for people to use each place 
according to their needs at any given context. Take parks for example, maybe one of 
the place categories where void is an obvious property. It is also one of the properties 
of parks that make them so attractive to people. The void, emptiness or openness of the 
space in such places allows for its creative and individualized use, be it for recreation, 
sport, a meeting, or a picnic among others. And inherently related with the void is also 
the property of simplicity and inner calm. This property is a more abstract one 
perhaps, but one well understood and agreed upon, nonetheless, when describing 
places of preference, of which it more often than not, is a characteristic. It abides to the 
notion that simplicity offers a feeling of calmness, or that places function better when 
they are not overloaded with elements or functions, or both. Think of the words one 
uses when describing shopping malls. Usually, and depending on the previous 
experiences, expressions such as ‘crowded’, ‘busy’, ‘difficult to navigate through’, 
‘confusing’, or ‘tiring’, often appear in the descriptions for such places where many 
needs and many functions are attempted to be accommodated, such as shopping for 
various categories, eating, resting, recreation and others in one single place. On the 
contrary, places where categories of functions, or to use a word closer affiliated with 
theories in GIScience, of affordances are kept to a minimum, experience a higher 
degree of simplicity and inner calm. 

3 Discussion  
Our basic premise in this paper has been that the concept of place, rather than defined 
in a precise manner that is bound to be different according to application domain and 
context, can rather be identified via a set of properties that are encoded in it, much like 
philosophers argue that abstract concepts can be identified by the properties they 
encrypt [49]. Recently, Jiang [25] also used Alexander’s theory in order to ‘capture the 
nature of space’ in hierarchical graphs, from nations to buildings. Jiang argues along 
the same line that these properties are helpful to understand (and in the future 
formalize) patterns in space. Jiang, in the end, is more focused on the structure of a 
graph of centers, providing ht-indices from which number of centers and level of scale 
can be identified, but is not concerned much with how the rest of the properties could 
be measured. We leave the question for specific measures deliberately open: we can 
think of a range of alternative measures, and of different agencies using different 
measures for the same properties. 
Accordingly, this paper addresses this identified gap of a higher-level discussion of the 
phenomenon itself: places characterized by properties. This ontological rather than 
quantitative approach should allow comparing patterns/places when they are 
described by different agencies, or when they are used in different communication 
contexts. As revealed in Turk and Mark’s study [42] of how people categorize place 
elements in an Australian indigenous language vs. in English, there are fundamental 
differences at the basic levels of conceptual systems in different backgrounds and 
languages, supporting the idea that people may use a variety of categories for the same 
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geographic elements. We argue that by not defining places, but rather describing them 
using a set of properties, we do not have to adhere to equivalent categories between 
different groups. Instead we postulate that it suffices to provide an agreed upon 
understanding of the value range of each property between the different domains or 
communication contexts. 
An approach by a theory of centers is also relating and supported by other work. One 
is Kuhn’s [32] postulate of spatial core concepts. These concepts are formed by location, 
neighborhood, field, object, and network. He identifies location as relation, not a property: 
“All location descriptions express spatial relations between figures to be located and 
chosen grounds” (p. 2271). This view of a figure on a ground is compatible with strong 
centers, positive space and contrast, and further supported by his neighborhood, which he 
calls the “natural companion concept to location” (also p. 2271). “When grounds 
become salient, as in the case of places, they tend to be thought of as ‘locations’ in the 
sense of objects” (p. 2271). Object “implies boundedness, but this does not mean that 
the object’s boundaries need to be known or even knowable” (p. 2272), linking to 
Alexander’s boundaries, and Kuhn’s network, capturing the relationships between 
objects, closes the loop to Alexander’s non-separateness. 
Another suggested ontological approach to place has been built from affordance [28, 
33, 46]. Affordance theory [15] adds an interesting view to this discussion, because it 
takes a stance from an individual’s perception, capabilities and intentions, in contrast 
to Jiang’s search for universal measures. Applying an approach grounded in 
affordances the above properties by Alexander finally get contextualized. A place, 
characterized by these properties, will be different between individuals, and even for 
an individual at different times (intentions). For example, in “let’s meet at the market” 
the market is not an objective, positivist object, but a concept in the mind of the speaker 
(which could be described by the above properties) and in the mind of the listener 
(which could be described by the above properties, but potentially differently). Further 
expanding this example, “let’s meet at the market” will most likely lead to a different 
description of market, used here with the intention of meeting, i.e., calling for a strong 
center point, compared to “at the market you can find produce from all over the 
region”, used with the intention of shopping, i.e., calling for levels of scale (a place of 
places) and alternating repetition (many stalls). 

4 Conclusions  
This paper attempts to fill a gap in GIScience: it approaches places as ‘locations with 
properties’ that give them ‘shape and character’, and along the way points to a range of 
existing, but disconnected knowledge in GIScience that, combined together, provides a 
powerful tool to capture this elusive, subjective, and context-dependent concept. The 
framework for combining this knowledge has been provided by Alexander’s theory of 
centers. This theory formulated 15 properties (of centers, or of wholeness) that this 
paper transferred to geographic places, namely from a GIScience perspective, not from 
a philosophical or human geography perspective. This transfer provides sufficient 
links to scattered knowledge to fill the properties with meaning in this particular 
context of place. 
The paper focuses decidedly on the concept of place, a concept of emerging interest in 
GIScience. It does so in contrast to other work, e.g., Jiang’s study whether space can be 
characterized by measures of these 15 properties. We deliberately do not commit to 
particular measures, arguing that in different context different measures of particular 
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properties may be applied. Having said this, the same place characterized by different 
people or in different circumstances may assign different values to these properties. 
The paper provides an ontological approach to place, in the way that it postulates an 
agreed set of properties (and property names), preparing the ground for a conceptual 
modeling. This conceptual modeling is compatible with the emerging research on place 
databases that model places as the nodes of property graphs [51]. In this scenario, a 
node Place would have properties, which values depend on a set of measurements 
chosen according to context. 
As a very rough first draft how this can look like consider the following definition 
using 15 properties a to o: 

data Scalelevel = Global | Environmental | Vista | Tabletop 
data Centerstrength = Prototype | Smooth | None 
... 
data Place a ... o = Place {a :: Scalelevel,  
                            b :: Centerstrength, 
                            ...,  
                            o :: NotSep} 

Note that a place defined by these 15 properties has no reference to a location in an 
absolute spatial reference frame. While this is different from, for example, gazetteers 
[22] — databases of geographic placenames that also come with a place type from the 
gazetteer’s taxonomy, and a georeference such that each placename can be pinned to a 
map — this design can be defended in various ways. The first argument is formal: 
Alexander’s theory is about structure, not about location. The second argument is 
related, in as much Alexander’s properties are perceptual properties: The way places 
are experienced by people, with their body senses, forms their memory about a place, 
including the relations to other places (neighborhood). One can argue that place 
memory is primarily spatial knowledge relative to other spatial knowledge, not 
absolute. This is supported by research from cognitive science (e.g., the landmark and 
route knowledge of Siegel and White [47]) as well as from neuroscience, which found a 
distinction between place cells and grid cells [44]. It goes without saying that places 
characterized this way in a place database can also have a link to a geometric 
representation, or even multiple, given their context-dependency. However, this link 
would again open the well-known can of worms that hindered for a long time to 
introduce places as a type in GIS: Places do not have crisp boundaries in many cases 
[54]. The suggested ontological approach avoids the symbol grounding problem [20] 
that many other ontologies seem to fall in – that semantics of symbols in an ontology 
are often determined by using another symbol system. Rather than deferring the 
problem of defining ‘place’ to coming up with equivalent place categories between 
different domain schemata, we suggest to use Alexander’s set of wholeness properties, 
on the agreed upon value ranges of which place communication can be grounded. 
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