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People perceive the environment in various idiosyncratic ways, letting them conceptualize places differ-
ently. Representation in a data set and communication about places, however, create the need to reach
agreement in the place a symbol or word represents. People have thus to integrate their views about a
place. In this paper, we discuss how idiosyncratic views about places and their integration can be traced
in OpenStreetMap. Then, we explore novel ways of how to model the integration processes of such id-
iosyncratic views by the means of psychological models. In particular, we explore the concept of Shared
Mental Models. Such formal modelling and the corresponding better understanding of how people
integrate their views about places improves the way we canmake sense of collaborative shared data sets.
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1 Introduction
Where in Coventry does the International Symposium on Platial Information Science take place? This
question will most likely be answered differently by the various participants and conveners ahead of the
symposium because they have different ways to get to the symposium and because they have different
experiences about Great Britain. If this question is asked at the end of the symposium, however, the
participants would provide more similar answers. Many of them possibly would, e.g., include the
Zeeman Building in their answer, i.e., the building in which the symposium takes place. This expected
difference in how participants describe the place where the symposium takes place can be explained in
terms of the mental model that each of the participants has. These mental models differ because the
participants have different backgrounds and experiences. They conceptualize differently. During the
symposium, the participants stay in the same room, they interact, and they have possibly similar ideas
about why they participate. By this shared experience their mental models can become entangled and
thus closer aligned, which is why they describe the place in a potentially more similar way than before.

Social interaction can reveal how individuals align their mental models about places. Places are
at least in parts socially constructed (e.g., Kyle and Chick, 2007; Low and Altman, 1992), as is also
the case in the introductory example. When contributing to OpenStreetMap (OSM), a major example
of Volunteered Geographic Information (VGI; Goodchild, 2007) and of Geographical Shared Data
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Sources (Mocnik et al., 2019), individuals compare their own mental model of a place to the represen-
tation they find in the data or on the map, potentially leading to an adaption of the representation.
Thereby, it needs to be kept in mind that the way individuals read the map is strongly affected by
the way information is visually represented (Keil et al., 2018). Also, the information conveyed by a
map is strongly limited with respect to places (Mocnik and Fairbairn, 2018), which is a particular
reason for why map reading is strongly influenced by our mental models. The folksonomy of OSM
is a result of a shared representation. Individuals semantically annotate elements in a certain way,
which is then adopted by others in a social process. This way of how the elements are annotated is
documented in the OSM Wiki, but this documentation is merely a representation of the social process
and its results (Mocnik et al., 2017). The differences in the way individuals cognitively experience and
conceptualize places and the geographical environment can be traced in the data, as has been done in
the case of social fragmentation and corresponding cartographic epistemologies in Jerusalem (Bittner,
2014, 2017; Bittner and Glasze, 2018).

The paper is structured as follows. First, we discuss examples of how individuals represent places
in idiosyncratic ways in OSM data (Section 2). Tracing these conceptualizations in the data is not
straightforward – places are represented differently because they are different. Such differences in how
we conceptualize can, however, be revealed when several representations of the same place at different
points in time are compared (Section 3). As these differences do not coexist in the current version of
the data (but only in their history), they need to be integrated. Such integration can be conceptualized
by referring to the mental model that the contributors have (Section 4). Shared mental models, an
approach from psychological research, can be used to understand and model how contributors decide for
or against adapting the representation of places in OSM data (Section 5). Future research may use the
proposed theoretical and methodological advances for explaining and predicting future inconsistencies
in how we represent places in socially created data sets.

2 Examples of Idiosyncratic Representations of Places
Places are cognitively constructed by perceiving and making sense of what exists in space (Malpas,
1999; Tuan, 1977). The way we perceive and cognitively process our environment is subject to sys-
tematic distortion (Tversky et al., 1999). We thus conceptualize the same environment in different
ways (Freundschuh and Kitchin, 1999; Tversky et al., 1999), leading to different ideas of the places we
are in. For instance, we tend to align compass directions with the axes of the maps we use (Tversky,
1981). Sketch maps provide means to examine in detail the various ways in which individuals concep-
tualize places (Boschmann and Cubbon, 2014). Classical maps are, unlike sketch maps, different in the
sense of that they usually adhere to space and geometries rather than to our perception. These maps
provide the illusion of objectivity, which is despite the fact that the use of different map projections
leads to very different geometrical representations. Further, maps offer the advantage that they can
be created largely independently of the viewer and according to intersubjective scales, at least when
compared to sketch maps.

Data sets and projects that form part of VGI are the result of a social creation process, in which
usually a large number of individuals are involved. Many OSM elements have, e.g., been edited by
several contributors, who potentially conceptualize places differently. These various conceptualizations
lead to potentially differing representations. Some of the differences might no longer be visible in the
data or the map representation because the folksonomy used is not fine-grained enough. Differences in
water temperature, e.g., are so far not represented – there exists no corresponding OSM key. Other
differences are, however, visible in the data. As an example, single trees are represented as such in the
OSM data set while forests are often represented as ‘tree-covered areas’. Contributors might judge
in different ways whether a group of trees shall be mapped as single trees or as a tree-covered area.
Accordingly, cognition and the way we conceptualize places has an impact on mapping behaviour.

Individuals experience a separation between public and private space, in particular in Arabic
cultures (Costa and Noble, 1986). This difference, often referred to as public/private space dichotomy,
can be traced in OSM. In Figure 1, a part of the city Ras Al Khaimah in the United Arab Emirates is
depicted. The blocks of houses are interrupted by streets. Within a block of houses, no systematic gaps
are visible on the satellite imagery (Figure 1a). The corresponding part of OSM, however, shows an
elongated gap. The contributors have added a retail area that is received as public space and another
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(a) Satellite imagery (b) OpenStreetMap

Figure 1: Representation of public and private space in Ras Al Khaimah, United Arab Emirates. In the
centre part of (b), the map shows a gap between public retail space and private space (indicated by red arrows).
This gap is most likely the result of the experienced separation between public and private space, because the
satellite imagery (a) does not reveal any spatial structure alike. Copyright of map data: (a) Google Earth,
DigitalGlobe, (b) OpenStreetMap contributors (cf. www.openstreetmap.org/copyright)

area that is received as private space (Figure 1b). The public/private space dichotomy is a seemingly
plausible explanation for the gap between these two areas, but the validity of this explanation cannot
be proven in retrospect.

3 Tracing Conceptualizations in the OpenStreetMap History
The various conceptualizations of place coexist in the OSM data set. A geographical feature can,
e.g., be represented in one way while another feature is represented in a different way. Also, the
representation of a geographical feature can change over time. That is, a contributor can change the
geometric or thematic representation of a geographical feature in order to adapt it to his or her own
conceptualization. As an entity can, however, only be represented in one way at a time, the contributors
have to finally agree on a representation. That is, they have to find a coherent conceptualization of a
place in the context of the used folksonomy, and they have to align their implicit assumptions about
space. This situation is different to conventional data sources in the context of Geographic Information
Systems (GIS), the latter of which are not able to capture places (Couclelis, 2005; Freundschuh and
Egenhofer, 1997; Goodchild and Li, 2011). It seems, however, to be important to understand the
ways individuals conceptualize places and negotiate these, because the conceptualization of a place
underlying a map has an influence on the cartographic representation.

The history of a data set is the key to tracing conceptualizations. When examining the representa-
tion of a geographical feature, the conceptualization by the contributor who added the feature can at
least to some degree be traced. Such knowledge would, however, not reveal how the conceptualization
relates to the geographical feature, i.e., how the contributor distorts certain geometric and thematic
features, unless ground truth is known. In order to minimize the effort and ensure that the results are
of high quality, an intrinsic assessment would be favourable.1 The different ways contributors concep-
tualize a feature can be traced intrinsically by comparing how one contributor created a representation
of a geographical feature and how another one changed this representation. The history of the data,
which is available in case of OSM,2 is needed to examine such changes and accordingly the various
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representations of the feature.

4 Conceptualizing the Integration of Idiosyncratic
Representations

Every person holds an idiosyncratic mental representation of their surrounding environment including
geographical and geometrical features as well as information about properties, affordances, and
functions (Freundschuh and Kitchin, 1999; Tversky et al., 1999). Nevertheless, the OSM community
integrates these individual mental representations into a single shared conceptualization represented
in the data. Many different processes such as the motivation to contribute, decision making on what
to add or to change, and the emergence of shared editing rules among contributors can affect the
development of the data. The resulting OSM data contain a shared representation formed among the
contributors. Thus, each entry, either as history or currently used information, can be considered as a
behavioural outcome of the processes that formed this shared representation.

In a first step, methods adapted from multiattribute decision making (Heck et al., 2017) could
be applied to OSM data in order to understand in which situations users tend to adapt existing
representations. Research on multiattribute decision making examines how individuals consider the
attributes of available options, e.g., technical properties of different smart phones, and how these
attributes contribute to the decision made. This notion could be adapted to contributions to the OSM
data set by examining which attributes or settings are relevant for the decision whether to adapt the
currently used representation (e.g., in case of non-rectangular corners, coarse mapping of buildings
and streets, and missing tags). The obtained findings about this decision process can later be verified
through a laboratory experiment. In such a setting, OSM data with different levels of mapping and
tagging accuracy can be presented to participants who then decide whether they want to adapt the
fictitious representation or not. This experiment can help to gain deeper insights into the preconditions
of changes within OSM data.

Even though multiattribute decision making theories focus on individuals, analysing the OSM data
with these methods offer the opportunity to apply these individual centred theories to a collaboration
setting. This may extend theories on multiattribute decision making, may help to further understand
decision making in social contexts as well as convergence among contributors in a decision context.

5 Shared Mental Models – a Potential Explanation for
Converging Data

An understanding of how individualsmake sense of the environment by forming amental representation
of entities and their relationships has been approached in the past (Johnson-Laird, 1980). The concept
of mental models formalizes this idea by defining mental models as cognitive structures that resemble
the structure of what is represented and allow logical connections between entities within the mental
models (Johnson-Laird, 1980, 2005). When information changes or new information is available, mental
models are adjusted accordingly (Johnson-Laird, 2005).

Research about mental models mostly concentrated on individual processes, in particular reasoning,
by examining the logical inferences participants draw from given statements (Johnson-Laird, 2005).
However, work and organizational psychology adapted this idea to group processes of team members
working together in organisations, called shared mental models (Converse et al., 1991; Klimoski and
Mohammed, 1994). Among several theories on how shared representations among team members
foster team performance (Akkerman et al., 2007; Klimoski and Mohammed, 1994; Turner et al., 2014),
the idea of shared mental models (Converse et al., 1991), sometimes also referred to as team mental
models (Klimoski and Mohammed, 1994; Mohammed et al., 2010), could serve as a theoretical basis
for research on OSM data as well. Shared mental models are mental models that overlap to a certain
degree between team members (Converse et al., 1991). This overlap is conceptualized by the degree of
detail and accuracy, the latter of which describes the extent to which the shared mental model captures
the real-world environment. Other authors only differentiate between similarity as the degree of the
sharedness of the model among team members and accuracy (Mohammed et al., 2010). In the context
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of organizations, shared mental models cover all facets of task completion, such as which tasks are
performed, how these are performed and by whom, and which resources are available for completing a
task.

To examine whether sharedmental models are applicable, it needs to be tested whether contributors
actually hold shared mental models. These models are expected to comprise contribution rules about
mapping and tagging. They can be measured in surveys by asking contributors to describe how
they would add or change certain objects to the data set. Since shared mental models are not only
characterized by their content but also by the structure of their content, specific methods can be applied
to measure these structural components along with the content (DeChurch and Mesmer-Magnus, 2010).
To measure the accuracy of the measured shared mental models, the OSM Wiki can help to create a
baseline model as a standard for comparison.

After exploring to what extent mental models are shared by the contributors, further research
could examine the integration process of individual mental models leading to the development of
shared mental models in more detail. While research on shared mental models often addresses the
consequences of sharedmental models on the performance of a team inside an organization (Mohammed
et al., 2010; Turner et al., 2014), OSM data offer the opportunity to examine how shared mental models
emerge – every element can be traced back to its creation in the data set. Research already demonstrated
that shared mental models are the result of an extensive communication process (Van den Bossche
et al., 2011). Especially, constructive conflicts, i.e., the discussion of differences in understanding
between team members, is positively associated with the extent of similarity of mental models in teams.
This communication process seems to be facilitated through the possibility to use visualization during
the communication (Bittner and Leimeister, 2014). Unfortunately, however, OSM contributors mostly
communicate only indirectly, which limits the examination of shared mental models. Nevertheless,
hypotheses derived from the concept of shared mental models about how the contributed information is
adapted over time, how contribution behaviour changes, and which contributors remain active within
the community can still be tested. Constructive conflict, although not verbally, can emerge when
contributors correct one another. As this correction is less interactive and less comprehensive as verbal
communication and as it lacks any direct visualization, it might not suffice to change the mental models
of other contributors. While some contributors may change their contributing behaviour and thus
further participate in the development of a shared mental model, others may refrain from contributing
when being corrected frequently.

6 Conclusions
Combining Geographical Information Science and Psychology to explore contribution behaviour to the
OSM data set can lead to a deeper understanding of the relationship between idiosyncratic mental
representations and shared representations of places in the data. Analysing the relative importance
of feature properties for the decision whether and how to change the feature in question can lead to
further insights on how geographical features are represented by contributors. Furthermore, it could
be expected that, due to continuous changes of the representation, the contribution behaviour of all
contributors converges over time. The OSM data include the representation of geographical features
and their history, thereby potentially reflecting the assumed mental models. Extracting the mental
model from the data seems, however, to be challenging because one cannot properly distinguish between
the mental model, conventions of how to represent, and properties of the represented feature. The
analysis of the data should therefore be complemented by experiments under controlled conditions
and in a laboratory setting. These experiments would, e.g., examine whether the mental models of the
contributors shift over time, or whether only the contribution behaviour and thus the representation
within the OSM data changes. Findings obtained from the theoretical and methodological advances
proposed in the present paper may help to explain current and predict future inconsistencies in
representing places in the long run.

Notes

1. For a discussion of the ways to intrinsically assess the data, see the corresponding publication by
Mocnik et al. (2018a).
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2. For a computational examination of the history of OSM data, the frameworkOSHDB (Raifer et al.,
2019) can be used. Further OSM-related data sources can provide additional context (Mocnik
et al., 2018b).
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