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Associations between sense of place and the geometric 
shape complexity of corresponding self-reported spatial 
footprints from Lisbon, Portugal
René Westerholta and Albert Acedob
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ABSTRACT
This article investigates how people translate the complex concept 
of sense of place into reductionist geospatial footprints. Utilising a 
map-supported survey conducted in Lisbon, statistical shape com
plexity measures, and logistic regression, we show that the num
ber of mapped polygonal footprint vertices correlates with the 
sense-of-place dimensions of place identity and place attachment. 
Furthermore, we show that places to which people connect parti
cularly close lead to more complex forms of shape complexity 
beyond the number of mapped points. Our findings contribute 
to the discourse on place-based information and to an improved 
understanding of the nexus between place and its geometric 
representation.
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1. Introduction

People do not live their lives in coordinates, but in meaningful places (Goodchild 
2015).1 Notions like home, workplace, favourite places, and nostalgic holiday experi
ences have in common that they carry a meaning and possibly an emotional attachment 
that can vary depending on the intensity and duration of our place engagement 
(Raymond, Kyttä, and Stedman 2017). The concept of place is an important one in 
both human geography and spatial planning, and has received increasing attention 
since at least the 1970s. Several schools of thought have emerged to conceptualise the 
construct of place: humanistic geography, which traditionally draws on an essentialist 
ontology (Seamon 2018; Tuan 2006) but has been complemented by a ‘progressive’ 
(non-essentialist) understanding (Lewicka et al. 2019; Massey 2005, 2008); critical 
approaches such as Marxist, feminist and postcolonial understandings, which draw 
on processual ontologies (Cresswell 2002; Dyck 2005; Harvey 1996); non- 
representational theories of place, which invoke performativity (Anderson 2016; 
Thrift 2008); and poststructural thinking including actor-network and assemblage 
theory, which build on part-whole relationships and emergence (Dovey 2020; Woods 
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et al. 2021). This list is not exhaustive, but it shows that there exists a multitude of ways 
of conceptualising and understanding places and treating them analytically. All the 
approaches listed resist reductionism and are based on notions of wholeness (Cresswell 
2015), that is, they consider place as an inseparable whole (Seamon 2018, 21) and 
require epistemological holism (Ianulardo and Stella 2022). In contrast, alternative 
approaches have become popular in more formal and quantitative considerations of 
place that fall within the realm of psychometric analysis (see Rust and Golombok 2014). 
Psychometric approaches abandon the property of wholeness and allow for reduction
ist, atomistic operationalisations that break place down into component parts. 
Properties based on wholeness are lost but formalisation becomes easier, and with it 
the application of statistical and other quantitative or formal methods. The present 
article borrows from both approaches by combining a psychometric analysis strategy 
with the humanistic construct of sense of place to investigate possible relationships 
between different dimensions of sense of place and geometric properties of correspond
ing spatial representations.

Sense of place describes a bond between people and their geographical surroundings 
(Seamon and Larsen 2020). This can be understood in two ways: as making sense of 
places (Seamon 2018) and as bonding in an emotional manner (Agnew 1987; Tuan 
1977). Both interpretations play an important role in spatial planning. Urban design, 
for example, aims to create environments that people feel connected to and that make 
sense to them. Thus, urban design is partly about creating the conditions for people to 
develop a sense of place that can eventually generate feelings of authenticity, character, 
identity, community, and joy (Ellery and Ellery 2019; Hårsman Wahlström, Kourtit, 
and Nijkamp 2020; Jive´n and Larkham 2003; Salah Ouf 2001). There is also much 
literature that demonstrates the positive effects of a strong sense of place on public 
health. With reference to so-called therapeutic landscapes (see Williams 2017), a 
positive sense of place has been shown to contribute to mental well-being in a number 
of ways (Basu, Hashimoto, and Dasgupta 2020; Bell et al. 2018; DeMiglio and Williams 
2008). For example, Tomalin, Sadgrove, and Summers (2019) show how places of 
worship support the well-being of Black, Asian, and other minority ethnic groups in 
Britain, primarily by offering support networks; Marques et al. (2020) show how the 
health of New Zealand’s Māori population suffers from the colonially induced and 
continually maintained design and structuring of places that is culturally inappropriate 
for them; and Doughty, Hu, and Smit (2023) show how the COVID-19 pandemic 
increased people’s attachment to local greenspaces and nearby nature reserves, which 
effectively turned into place-based health resources. In contrast, the lack of positive 
place attachment can lead to an increase in body weight (Santana and Nogueira 2008), 
an increase in drug addiction (Proudfoot 2019), among other adverse effects. Other 
relevant aspects of the importance of sense of place for planning include the role that 
the presence of urban amenities plays in place identity and place attachment 
(Westerholt, Acedo, and Naranjo-Zolotov 2022), ensuring the sustainability of intangi
ble cultural heritage (Tan et al. 2018), and place stewardship (Chapin and Knapp 2015). 
Many more intersections between spatial planning and sense of place could be pointed 
out, but the brief discussion above should offer an impression of how sense of place 
feeds into planning research and practice. Taking account of sense of place in planning 
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often includes not only the results of surveys or interviews, but also geometric sketches 
of the map locations associated with sense of place (e.g. by residents), as is evident from 
the literature on public participation. Understanding the process by which people 
translate their sense of place into polygons (one type of geometric representation 
besides points and lines) is therefore important for a comprehensive understanding of 
geometric representations of place.

The aim of this study is to understand better the process of translating the complex 
construct of experienced, lived place into reductionist spatial footprints that delineate 
geometrically the associated territories on a map. The relationship between space and 
place remains contested and is subject to specific place conceptualisations (for a 
discussion, see Kabachnik 2012). However, we argue that space, understood here in a 
geometric manner,2 plays a certain role in place and that the territory attached to the 
latter can often be pinpointed on a map through a reduction step. Respective footprints 
were collected by us through a web-based, map-supported survey comprising the self- 
reported footprints of 230 respondents from Lisbon, Portugal. Our employed mapping 
technique is sketch mapping, which is defined as ‘participants sketching onto aerial 
images, base maps, or tracing paper, unlike the free-form blank paper drawings of 
mental mapping [and yielding] representations of individual and group spatial experi
ences’ (Boschmann and Cubbon 2014, 239). The recorded dimensions of sense of place 
– place identity, place attachment, and place dependence – are not lost in the reduction 
step, but remain in the form of individual variables (reflecting the psychometric 
approach) collected through a companion survey.

Our hypothesis is that the geometric parameters of the self-reported footprints are 
correlated with at least some of the more detailed operationalisations of the aforemen
tioned sense-of-place components. The underlying assumption is that people3 drawing 
respective polygons more carefully and in more complex ways also report stronger or 
weaker sense of place scores. Following Jeff Malpas (2018, 48 ff.), who states that 
meaningful engagement in (humanistic) place-making always-already requires a certain 
degree of grasping geometric space and self-positioning within it, we assume that 
people have a rough geometric idea of the spatial location, contours, and shape of 
their meaningful places. When we ask them to convert these mental images into 
footprints, we assume that people approximate those contours in the form of polygons. 
We apply statistical measures of shape complexity and correlate the results with our 
collected sense of place variables. The hypothesis we are testing, then, is that people 
incorporate a stronger, positive (or negative) sense of place (or individual dimensions 
thereof) into their translation process between the mental image and the geometric 
mappings of the corresponding locations. In this way, subjects could, for example (and 
presumably subconsciously), express their attitudes towards their meaningful places, as 
well as their possibly higher degree of familiarity with the associated territories based on 
their lived experience with them. Utilising the sketched approach and rationale, this 
article presents links between geometric properties of geometric place representations 
and the strength of certain sense of place dimensions.

The remainder of this article begins with a literature review in Section 2, which 
presents work on the spatial mapping of place. Drawing on this overview, Section 3 first 
elaborates in more detail on the theoretical basis of our approach, already sketched 
above, before presenting the concrete methods used. This is followed by a presentation 
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of the results in Section 4 before we discuss them and give final conclusions and 
comments for future research in Section 5. We hope that our results will inform 
planning research and practice in a broad manner.

2. State of the art

Assessing spatial footprints of place via sketch mapping4 is an established practice in 
human geography, planning, environmental psychology, and related fields. The two 
most common approaches are punctiform and polygonal sketch mapping, along which 
the subsequent paragraphs summarise the current state of the art. We thereby deliber
ately take into account different types of place concepts, including those beyond 
humanistic geography, as, we argue, the underlying object of investigation is compar
able across different schools of thought in that they inherently link space and place 
instead of considering them dichotomous.5 David Seamon, for example, in his huma
nistic notion of ‘place ballet’, considers habitual routines as a means of transforming 
space into place (Seamon 2018, 15). Similarly, but from a post-structuralist perspective, 
Michel de Certeau describes place as practised space (de Certeau 1984).6 What is 
consistent between different place discourses is that they recognise a dualism between 
space and place – as we presuppose in this work through our footprints – which is why 
we do not limit our review to strictly humanistic works. The types of mapping7 

presented below deal with self-reported place footprints as we do in the analysis that 
follows. Other approaches in which researchers construct geometries post hoc from 
texts or interviews (e.g. Adams and McKenzie 2012; Cooper and Gregory 2011; Hobel, 
Fogliaroni, and Frank 2016; C. B. Jones et al. 2008; Kim, Vasardani, and Winter 2016; 
Steiner et al. 2023; Wartmann, Acheson, and Purves 2018; Woodcock, Wollan, and 
Dovey 2015), deep mapping (a technique from the humanities that allows obtaining 
comprehensive snapshots of places; e.g. Alavez 2022; de Nardi 2014; Savić 2017), and 
visualising spatial footprints of place (e.g. Bleisch and Hollenstein 2018; Dolma 2022; 
Glebova 2022; Gröbe and Burghardt 2018; Iosifescu Enescu et al. 2020; Westerholt et al. 
2018), among others, are not discussed as they differ too much from our own research 
presented in this article. We also do not address the literature on predictors and 
contextual parameters of place attachment, place identity, and place dependence. 
Some control variables are included in our modelling (see Section 3.3), but the focus 
of our work is on understanding geometrically the spatial footprints of place. We 
therefore refer readers interested in the constituents and predictors of the aforemen
tioned dimensions of sense of place to relevant reviews and overviews (e.g. Alrobaee 
and Al-Kinani 2019; Azmi, Ahmad, and Ali 2014; Lengen and Kistemann 2012; Lewicka 
2011; Nelson, Ahn, and Corley 2020; Peng, Strijker, and Wu 2020; Qazimi 2014; Shamai 
and Ilatov 2005).

One way to collect self-reported place footprints is to collect point data. In a similar 
approach to ours, Hasanzadeh, Laatikainen, and Kyttä (2018) used a web-mapping- 
based survey to collect personally relevant places of daily life in Helsinki, Finland (an 
application for which they also introduce a privacy strategy, see Hasanzadeh et al. 
2020). The collected points were then combined in activity space models (which differs 
from the research objective in this paper), and the results show that the polygon sizes 
yielded correlate with income and (via elongation) with residence location in a suburb. 
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These results are interesting, but could be affected by underlying urban characteristics 
in the Scandinavian context, such as people with higher incomes often living in 
suburban communities (Hassler and Ceccato 2021) but finding fewer opportunities 
nearby (Næss 2016). Similarly, Hawthorne et al. (2022) recently mapped points of place 
attachment, which they combined into areal representations using variants of kernel 
density estimation. There are a number of studies that take similar approaches (e.g. 
Gagnon and Desbiens 2018; Jeannotte 2015; L. Jones et al. 2020; Kosacz et al. 2022; 
Maddrell 2016; Müller, Backhaus, and Buchecker 2020; Spenger, Kordel, and Weidinger 
2023; Twaroch et al. 2019; Zelianskaia et al. 2020). Although these are related to our 
work, they are not directly comparable, as the respondents themselves do not record 
their own polygonal features. Another point-based form of place mapping is the 
extraction of place information from publicly accessible user-generated, bottom-up 
web content. Bahrehdar, Koblet, and Purves (2019) have systematically reviewed corre
sponding approaches and categorise them into images, microblogs (mostly Twitter/X), 
check-ins, and unstructured texts. They conclude that in most cases spatial place 
footprints are not the focus as such, but serve to answer other, domain-specific 
empirical questions. The most limited such approach in terms of spatial footprints is 
check-in data. Users of such services can only check-in at a finite set of predefined sites 
(e.g. Adelfio et al. 2020; Jang, Kim, and Schifanella 2019; McKenzie and Adams 2017; 
Wu et al. 2019). Apart from check-in behaviours, the resulting points mainly reflect the 
spatial patterns of the underlying distribution of venues, making them less interesting 
footprints regarding sense of place. More flexible in terms of spatial footprint patterns is 
the analysis of data from geolocated microblogs, which have been shown to be corre
lated to a reasonable extent with socioeconomic and demographic characteristics (e.g. 
Ballatore and De Sabbata 2018, 2020; Steiger et al. 2015). Yet, the results of such studies 
also show that the spatial patterns in those points follow largely, though with local 
variations, the geography and demographics of the underlying platforms. For the 
purposes of this paper, the spatial footprints of places derived from user-generated 
web content are only partially comparable to our results, even though the point 
geometries are self-reported. This also applies to studies in which researchers combine 
individual points into grids or polygons reflecting colloquial or vague geographies (e.g. 
M. Chen, Arribas-Bel, and Singleton 2020; J. Chen and Shaw 2016; Clasper 2018; 
Heikinheimo et al. 2018; Hollenstein and Purves 2010; Jenkins et al. 2016; Li and 
Goodchild 2012; Liu et al. 2020; Lopez, Postma, and Bosco 2020; Poorthuis 2018; 
Schlieder and Matyas 2009; Twaroch et al. 2019), as such polygons are not reported 
by the users but constructed by the researchers retrospectively.

The second type of data is self-reported polygonal footprints of place and related notions. 
One relevant line of research undertaken from a spatial cognition point of view is the one 
conducted by Dan Montello, though his notion of ‘vague cognitive region’ seems closer to the 
geographical concept of region than place. One study conducted in Santa Barbara, CA 
(Montello et al. 2003) and employing a passers-by survey collected polygons reflecting 
generally people’s spatial referents of ‘downtown’ including 50% and 100% certainty assess
ments. The general polygons drawn are, on average but with some variation, close to the 50% 
ones, indicating that people tend to be generous in their spatial judgements when answering 
geometric place enquiries. They further found that ca 2/3 exclusively drew convex polygons 
while only 1/5 of respondents exclusively drew concave ones. Montello, Friedman, and 
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Phillips (2014) extended a similar task to state level to delineate Northern and Southern 
California and Alberta. They used a cell-based approach revealing a broad band of non- 
uniform collective vagueness especially across California. This shows that the spatial foot
prints of cognitive regions can be spatially heterogeneous. In a further study, Phillips and 
Montello (2017) add to these findings the perspective of social neighbourhood ties, confirming 
that spatial representations of cognitive regions do often coincide with certain census char
acteristics, at least in Santa Barbara. The study most closely related to ours is concerned with 
mapping sense of place in Koreatown, Los Angeles (Bae and Montello 2018). While the 
responses show strong agreement regarding mapping, the accompanying open-ended survey 
provides evidence that aesthetics, social environment and utilitarian aspects have an influence, 
although these different aspects are not distinctly differentiated. Another relevant research 
stream is that of Angela Schwering and collaborators (Manivannan, Krukar, and Schwering 
2022; Schwering et al. 2014, 2022; Wang and Schwering 2009, 2015; Wang, Mülligann, and 
Schwering 2011). The sketch maps considered in their research are more detailed than those 
used here, as they do not just focus on sketching vague boundaries. However, their research 
focuses on the translation process between the mental image of a region and its metric 
representation, which is part of what our respondents also do, albeit for a different reason. 
An important finding for us is that the road network seems to be an essential element in this 
process. Since we provide our participants with topographic base maps (see Section 3), we can 
expect a certain geometric bias towards higher geometric accuracy in our work, as the 
participants are confronted with a geometrically accurate road layout. This assumption is 
supported by another study of those listed above (see Wang and Schwering 2015) confirming 
a number of invariant characteristics of sketch maps (assessed from respondents with 
recurrent place interactions, like in our case), among which the road network plays a 
prominent role. There are a number of results from other researchers and from different 
contexts that largely confirm the above findings and complement them with further details 
and minor aspects (see Aram et al. 2019; Baker, Cantillon, and Evans 2023; Cerveny, 
Biedenweg, and McLain 2017; Costa and Bonetti 2018; Curiel and Radvansky 2004; G. A. 
Davis and Hyun 2005; Donnelly, Gamsu, and Whewall 2020; Gardony, Taylor, and Brunyé 
2016; Gieseking 2013; Graves and Poraj-Wilczynska 2009; Hátlová and Hanus 2020; Lopez 
and Bosco 2022; Mohsenin 2011; Nanda and Khare 2018; Pánek, Glass, and Marek 2020; 
Potter 2015; Povilaitiene˙ 2021; Powell 2008; Soini 2001; Wang and Worboys 2017; Zare 
Zardiny and Hakimpour 2021; Zhang, Tang, and Sheng 2024).

There is only limited research in which researchers link geometric properties of self- 
reported, sketch-mapped spatial footprints to explicit operationalisations of sense of place. 
Many of the above findings are therefore related to our research, but often refer to regions 
rather than places, or even to mixed forms without clear distinction. Montello et al. (2003), 
188) state that ‘[in] practice, geographic regions are more likely to be identified by their 
limits than by enumerating their contents.’ We argue that this statement is often more 
appropriate in reverse for the humanistic notion of place rather than regions, as people 
likely find it easier to enumerate the contents of what constitutes their ‘home’ (or other, 
sometimes possibly unnameable places) than to think about its boundaries. One conse
quence of this is that the probabilistic character of corresponding footprints (of which there 
may be many candidates) may be more pronounced compared to those of regions. With 
this in mind, our following research complements the above findings by: (i) extending them 
towards a deeper engagement with the spatial referents of the humanistic notion of sense of 

420 R. WESTERHOLT AND A. ACEDO



place; (ii) focusing on meaningful places that do not necessarily correspond to so-called 
points of interest (even though some places identified in our study may correspond to 
places of interest, such as popular parks); and (iii) linking these spatial representations to 
the results of an established quantitative operationalisation of three sense of place domains 
adopted from Jorgensen and Stedman (2001).

3. Methodology

Our methodology comprises three components. As a first step, we conducted a web- 
based and map-supported survey to collect data on sense of place including spatial 
footprints for the city of Lisbon. This survey is reported in Section 3.1. The second 
component involves quantifying the shape complexity of the collected geometric foot
prints. Section 3.2 introduces measures that we use to operationalise this property. The 
following Section 3.3 puts forward our employed regression modelling, which relates 
the geometric complexity scores with the sense of place responses.

3.1. Map-supported online survey

We used a map-based online survey to collect the data for this article. A link was emailed 
through Lisbon City Council to potential participants who had previously taken part in at 
least one of the council’s public participation initiatives (which is why the council had 
their email addresses in their database). The full text of the invitation email in Portuguese 
and in English translation can be found in Appendix A. In total, 230 people with a 
minimum age of 18 years participated in the survey. The sample we collected in this way 
is reasonably representative of Lisbon’s demographics and socio-economic profile (c.f. 
Pordata 2021a, 2021b). Figure 1 provides an overview of some key personal character
istics of our respondents. As we recruited all respondents through Lisbon City Council, 
we were able to ensure that every participant was a resident of the city at the time of the 
survey. To incentivise participation and recognise participants’ efforts, we rewarded the 

Figure 1. Overview of the demographic and socioeconomic respondent characteristics (n ¼ 230). The 
option ‘prefer not to say’ was only offered for the income variable, not for other respondent characteristics.
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10th, 50th, 100th, and 200th participants with vouchers worth EUR 50 each. No personal 
data was collected that could lead to the identification of the participants. Furthermore, 
the participants were informed about the objectives of the data collection. On the data 
collection portal, respondents were then asked to indicate the places that are ‘significant’ 
to them (using this wording), followed by examples such as ‘identify most with’, ‘and/or 
feel connected to (e.g. I love this place)’ and ‘and/or depend on it (e.g. it is the most 
appropriate place to do the things I enjoy most)’. The way we introduced place therefore 
centred on the idea of ‘important to you’ (in the broadest sense).

The survey design operationalises the conceptualisation of sense of place introduced 
by Jorgensen and Stedman (2001), which has been widely used in environmental 
psychology and is an established conceptualisation. The model divides sense of place 
into three sub-components, namely place dependence (the added value of opportunities 
offered by places for meaningful experiences; referred to as PD1–PD3 in the remain
der), place attachment (the emotional relatedness to a place; PA1–PA3), and place 
identity (the adoption of a place as part of the self; PI1–PI3). The survey to operatio
nalise these three components consists of two parts: geometric sketch mapping and an 
assessment of statements about the three individual sense of place components. 
Participants were first asked to draw a series of polygons on a base map representing 
the places that respondents consider personally important. We have instructed our 
participants to use a desktop computer or laptop for completing the survey (see the 
invitation email in Appendix A). Most respondents will thus have used either a mouse 
or trackpad for their footprint mapping. A topographic OpenStreetMap background 
map using the standard OSM Carto rendering style was offered for this mapping, but 
no other technical aids or constraints. In a next step, respondents were presented with a 
series of statements for each polygon drawn. There are three statements per dimension 
of sense of place, which are listed in Table 1. Here we deviate slightly from the approach 
proposed by Jorgensen and Stedman (2001). Their breakdown of place components 
consists of four statements each. However, some of the proposed statements (namely 
IDENTITY2, DEPEND3, DEPEND4 in Jorgensen and Stedman (2001)) are phrased in 
a negating way and could have been perceived as contradicting with most of the other 

Table 1. The queried statements used to operationalise the sense of place dimensions of place 
attachment, place identity, and place dependence. The statements are modified versions of those 
presented in Jorgensen and Stedman (2001).

Domain Variable Label Statement

Place attachment PA1 Easing I feel relaxed when I’m in this area.
PA2 Joy I feel happiest when I’m in this area.
PA3 Preference This area is my favourite place to be.

Place identity PI1 Personification Everything about this area is a reflection of me.
PI2 Oneself I feel that I can really be myself in this area.
PI3 Materialisation This area reflects the type of person I am.

Place dependence PD1 Suitability This area is the best place for doing the things that I enjoy most.
PD2 Uniqueness For doing the things I enjoy most, no other place can compare to this area.
PD3 Affordance This area is a good place to do the things I like to do most.

The statements above have been translated and were presented to the Lisbon-based participants in Portuguese. The identifiers 
PA, PI, and PD (each numbered from 1 to 3) are used as variable names in Section 4.2. Please note that the labels in the third 
column are brief summaries for use in this article. They were not presented to the respondents in the survey. 
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statements. As respondents completed the surveys alone at home and without potential 
support from the researchers, we have omitted these possibly confusing statements. We 
have replaced DEPEND3 and 4 with a weaker alternative statement (‘a good place to’) 
to PD1, as the latter is quite strong (‘the best place for’). In addition, the statement 
ATTACH4 was omitted as it focuses too much on the concept of ‘home’, which is the 
case under investigation in Jorgensen and Stedman (2001).

All statements were rated as 5-point Likert items ranging from 1 (strongly disagree) 
to 5 (strongly agree). Figure 2 shows the response distributions across all items. These 
generally tend towards agreement, which was to be expected as we asked respondents 
about places that are meaningful to them. The meaningfulness is thus reflected in the 
operationalisations. Alongside the place components, assessments of the sociability 
(how interactive, welcoming, neighbourly a place is), accessibility (how easy it is to 
reach a place), aesthetic qualities (the comfort and visual quality of a place to make one 
stay), and usability (utilitarian aspects of a place) of the mapped places were also 
collected and the corresponding statements are found in Appendix B. These character
istics have been identified as common factors for successful, positively received (public) 
places (Cilliers and Timmermans 2014). Furthermore, Bae and Montello (2018) found 
that these characteristics (e.g. visible barriers, ethnicity, language spoken) influence the 
way people map places. We therefore collect the corresponding subjective assessments 
of our respondents using Likert items to later use them as control variables for the 
reasons outlined above. The item distributions of these additional variables are also 
provided in Figure 2.

Figure 2. Distribution of the Likert item responses for the sense-of-place and the contextualising 
variables (n ¼ 230).
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Only after mapping several places and collecting respective survey responses did we 
ask respondents to identify one of the polygons they drew as the most important. The 
reason for this is that we wanted to avoid the risk of bias, as asking for the most 
important place at the beginning could have led to some participants drawing particu
larly carefully or could have influenced the evaluation of the statements. Another reason 
why we narrow down the total set of polygons to the most important ones is to make it 
easier to compare the polygons with each other. Otherwise, we might have ended up 
comparing someone’s most important place with someone else’s second or third most 
important place. In the manner executed, we have assembled a dataset comprising 
geometric footprints and corresponding ratings of statements to operationalise the 
outlined sense of place dimensions.

3.2. Geometric complexity measures

Different ways exist to characterise the complexity of a shape, for example, using methods 
from cartography or computer vision (e.g. Fairbairn 2006; Pászto, Brychtová, and Marek 
2015; Zhu 2023). However, since we are not dealing with abstract shapes but with 
geometries representing personal reflections of the ways people think about places, the 
chosen measures should be consistent with relevant empirical evidence. Our methodology 
therefore builds on insights from the psychology of vision and we draw an analogy between 
the complex visual task of recognising contours in highly noisy images and the mental 
geospatial image that someone creates of a meaningful place against the background of a 
complex array of experienced geographic environments.

The way we measure shape complexity is inspired by the work conducted in psychology 
of vision and in particular the findings of Wilder, Feldman, and Singh (2016). In their 
article, the authors explore appropriate statistical measures of shape complexity to explain 
how this property is involved in our human ability to detect contours in noisy images. Sense 
of place goes beyond vision and encompasses a range of senses (among other, non-sensory 
aspects). Nevertheless, the spatial footprints we are dealing with in this article are visuali
sable representations of someone’s idea of the territory associated with a place, and so we 
can think of the task at hand as resembling an inverse scenario to the work of Wilder, 
Feldman, and Singh (2016). The main reasons why we draw this analogy are the following: 
(i) due to the holistic character of places, we assume that respondents already have a rough 
idea of the whole area in mind before drawing a polygon (local approaches would also be 
possible, but there is ample evidence to support global precedence, see Miller 1981; Navon 
1977; Rezvani, Katanforoush, and Pouretemad 2020); (ii) like the shapes dealt with by 
Wilder, Feldman, and Singh (2016) the collected footprints of sense of place always have a 
closed contour (though we also consider open contours when looking at polygonal 
skeletons, see below); (iii) we assume that statistical features of complexity are more related 
to geometric representations of sense of place than would be simpler features such as 
counting numbers of points or line segments, as the former reflects the stochastic nature 
attached to people’s decisions for how to sketch a footprint. The latter assumption 
corresponds to a subset of the hypothesis we ultimately want to test in this paper and states 
that the effort and accuracy someone puts into drawing has something to do with the 
familiarity, subjective importance of, and affection towards the place in question. In 
addition, identifying contours involves integrating different pixel candidates into contours, 
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and we argue that this, by analogy, is similar in nature for places that rarely possess only one 
clear geometric boundary in terms of their territory but offer a range of footprint candidates 
that sit in someone’s mental representation instead. The analogy we draw is thus consistent 
with existing place research (e.g. Davies 2020; Winter and Freksa 2012) and the traditional 
challenge of drawing boundaries for geographical features, which are often (and not only 
for places) indeterminate and thus stochastic rather than deterministic in nature when 
represented (Smith 2019; Yang and Hillier 2007).

We employ a combination of a summary measure of overall shape complexity and of 
a measure of smoothness deviation (or ‘spikiness’) along the contour. Following Wilder, 
Feldman, and Singh (2016), our complexity assessment builds on a skeleton approach. 
Skeletons are based on medial axis representation and capture the general shape of 
polygons (see Aichholzer et al. 1995). We assume that people graphically imagine the 
territories assigned to their important places when they look at the map, which seems to 
happen via skeletons calculated by our visual system, as supported by psychological 
evidence (Ayzenberg et al. 2019; Lowet, Firestone, and Scholl 2018; Sun and Firestone 
2021). We calculate both the skeletons and their associated medial axes using the open 
source SQL-based GIS package PostGIS (version 3.0).8 To also account for the uneven
ness along the contours of the footprints, we further evaluate contour complexity in 
terms of turning angles. In both cases, we work with statistical characterisations of 
complexity inspired by the information-theoretic description length as introduced by 
Shannon (1948). The measures are given as

where i denotes the i-th of n footprints, αi;j; βi;j are mi and qi turning angles measured in 
radians, κ1; κ2 and μ1; μ2 denote the scaling and mean parameters of von Mises distributions 
and λ and si denote the mean parameter and i-th count of sprouts emanating from the 
respective medial axis and as used with a Poisson distribution. I0ð�Þ is the modified Bessel 
function of order 0 (here a mere scaling constant). It is important to note that the turning 
angles αi;j and βi;j are not the immediate turning angles between consecutive line segments. 
Shape complexity is measured here in terms of resemblance of smooth contours and, there
fore, the angles are measured between a turning segment and the tangent to the respective 
turning point. Since tangents are only defined for differentiable functions (which edgy 
polygons are not), we need to approximate reasonable tangents from hypothesised smooth 
contours. The way respective tangents are approximated in this paper is outlined in Appendix 
C. The reason for assuming a null hypothesis based on smooth contours is that in our data 
acquisition the polygon points are set one after the other by repeated clicking. A more detailed 
drawing in this way therefore increases the edginess. This null hypothesis would have to be 
reversed if the data had been obtained from hand-drawing exercises.
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Equation (1a) introduces the measure DLCi that summarises the segment complex
ities of the footprint contours. The term in the summation represents the logarithm of 
the density of a von Mises distribution, for which the psychological literature provides 
strong indications that it is inherent in our visual stochastic system for recognising 
closed contours. The von Mises distribution can roughly be understood as the periodic 
counterpart of the normal distribution (Best and Fisher 1979). Since the contour is 
closed and we must therefore assume a bias of the angles in a certain direction, we work 
with a mean of μ1 ¼ 2π=mi, where mi is the number of tangential angles contained in 
the sequence along the contour. The parameter κ1 is not a direct dispersion but a 
precision parameter (like 1=σ2, for a normal distribution) and is therefore set to 4=π 
(assuming that the turns are on average half a perpendicular). In this way we can 
quantify how ‘unpolished’ or ‘rough’ the contour line is. Following the outlined reason
ing, DLCi yields high scores for abrupt, marked turning angles that would not be 
expected with high probability under the smooth contour null model. In contrast, a 
series of moderate turning angles with high von Mises-derived probabilities (yielding 
small DLCi scores) would be closer to the reference of a smooth contour.

The measure DLSi from equation (1b) reflects the complexity of a footprint’s 
overall basic shape in terms of a skeleton. The statistical model allowing us to 
evaluate the probability of a given skeleton comprises two types of probabilities the 
underlying processes of which are assumed to be independent, and so the individual 
probabilities have been multiplied. One type of probability that goes into equation 
(1b) describes the angles of the medial axis of the skeleton. This is similar to the 
approach for DLCi, but we are now dealing with an open contour. So we again use a 
von Mises distribution but with μ2 ¼ 0, assuming a straight-line continuation in 
expectation. The precision parameter κ2 is set to 4=π, again assuming that the turns 
are half a perpendicular on average. The second type of probability involved in 
equation 2 is a Poisson density with λ ¼ 4. This density models the number of 
sprouts si emanating from the medial axis of a footprint i. The chosen parametrisa
tion gives the highest probability to the count of four (which is expected for simple 
rectangular shapes; see Figure 3(a)), thus favouring simple shapes with few sprouts. 
High numbers of sprouts that are indicative of more complex geometric shapes 
would yield lower probabilities, respectively. Overall, we assume that this model is 
appropriately sophisticated for reflecting the complexity of the footprint skeletons, 
yet reasonably manageable. Figure 3 illustrates examples of both complex and 
simple skeletons and contours.

3.3. Logit regression modelling

The modelling step serves to identify potential associations between the shape complex
ity scores (Section 3.2) and the Likert items operationalising sense of place (Section 3.1). 
Regression modelling could be approached from two directions: treating either the 
complexity scores or the Likert items as dependent variables. The histograms of both 
complexity scores (Figure 4) are right-skewed and visually resemble gamma distribu
tions, which would suggest using either lognormal or gamma generalised linear models. 
However, both model types assume a constant coefficient of variation (Das and Park 
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2012; Wiens 1999), which cannot be confirmed according to the asymptotic test for 
equality of the coefficient of variation (Feltz and Miller 1996) applied to both scores 
stratified into their quantiles and 12.5 % percentile ranges (to obtain results for broader 
and narrower substrata). This prohibits the use of lognormal and gamma models and 
would suggest the use of less convenient non-parametric models instead. The alter
native approach – and the one that we opt for – is to consider the sense-of-place 
operationalisations as dependent variables. One possibility for this is to regard the 
response variables as ordinal, which suggests the use of ordinal proportional-odds logit 
regression. However, although many conditions are met, comparing parameter esti
mates for individual categories shows that the regression coefficients obtained may not 
be stable across all Likert categories. To deal with the latter issue, a baseline-category 
logit regression seems useful. This estimates the parameters for all categories separately 
and in relation to a reference category (here: the neutral third category). Yet, this 
approach leads to less reliable estimates due to subsetting and thus limited sample sizes 
per category. Since both approaches have their advantages and limitations, we perform 
both and interpret them in tandem.

Ordinal proportional-odds logit regression is suitable for modelling multinomial 
variables Y whose results can fall into J ordered categories. Let γj be cutpoint 
coefficients9 for j ¼ 1; . . . ; J � 1 categories10 and η1; . . . ; ηP be the regression coeffi
cients for p ¼ 1; . . . ; P regressors X. The regression model used is given as (Grilli and 
Rampichini 2014)

Figure 3. Examples of simple and complex skeletons (dark blue centre lines; the corresponding sprouts 
are depicted as light blue lines) and contour lines (the black polygon boundaries). The DLS and DLC 
scores for the illustrative features shown are 1.63 and 11.66 for (a), and 75.73 and 42.05 for (b).
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Note that only the cutpoint coefficients γj are bound to categories j. This reflects the so- 
called proportional odds assumption, which means that all coefficients except of those 
for the cutpoints are considered uniform across the categories of Y . The model predicts 
logarithmic expectations, which implies that the model coefficients are on the log scale, 
making it difficult to interpret the results. We therefore report the exp-transformed 
coefficients alongside the raw estimates in Section 4.2. In addition to the two shape 
complexity scores (interval-scaled real variables; see below for how we further post- 
processed the complexity scores), we use the control variables introduced in Section 3.1 
to account for the respondents’ perceptions of how sociable, accessible, aesthetically 
pleasing, and usable the places in question are.

Baseline-category logit regression ignores order in categories but offers category-wise 
coefficient estimates. The model is suitable for multinomial variables Y whose results 
can fall into j ¼ 1; . . . ; J categories. Let β1j; . . . ; βPj be the regression coefficients for P 
independent variables tied to categories j. The regression model used is given as 
(Agresti 2012, 293 f.)

with αj being intercepts for each category and j� denoting the baseline category against 
which the log-odds are formed. The latter means that the exp-transformed coefficients 
indicate whether an independent variable (with all other variables held fixed) makes it 
more likely exp ðβjpÞ> 1

� �
or less likely exp ðβjpÞ< 1

� �
that the response variable falls 

into a category j compared to the baseline category. The baseline-category logit model is 
fitted using the same set of independent variables as with the ordinal logit model.

An important assumption of many regression models including the ones used 
here is that of independence. Our dataset includes observations from different 
respondents, all of whom lived in Lisbon at the time of responding, but who 

Figure 4. Histograms of the two types of assessed statistical shape complexity scores. Both 
histograms show values centred on their respective sample medians and scaled according to their 
median absolute deviations.
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completed our survey without mutual interference. However, the fact that the 
respondents lived in Lisbon at the same time means that they were partially exposed 
to similar environmental conditions, lifestyles, and other characteristics derivative of 
the city. The latter may have led to spatial autocorrelation in the collected responses. 
Using global Moran’s I (Getis 2010; Westerholt 2022) in conjunction with 5 and 10- 
nearest-neighbour weights (to account for different scales) between the centroids of 
the respective shapes, the results show no significant autocorrelation in the DLCi 
and DLSi scores (Table 2). Another important assumption is the absence of multi
collinearity in the independent variables. We test this using generalised variance 
inflation factors (see Fox and Monette 1992) for all regressors included in the 
proportional-odds models.11 This is necessary because some of our regressors are 
ordinal variables and standard variance inflation factors would not reflect their 
combined inflationary tendency, but separately for the individual categories. The 
variance inflation factors do not suggest problems for most variables, but show high 
values above 10 for the two calculated geometric complexity scores across all 
models. Therefore, we de-correlated both using principal component analysis (Lafi 
and Kaneene 1992). One of the resulting projected scores (referred to as pca2 here
after) reflects above 90% of the total variability shared between both original scores 
and is strongly associated with the number of contour points. The second projected 
score (pca1) represents all remaining variability in our complexity modelling that 
cannot be explained by numbers of points but is attributable to other aspects like 
the level of care in drawing, etc. After these steps, our models adequately fulfil the 
assumptions of ordinal logistic regression.

4. Results

This section provides a description of the shape complexity assessment and a discussion 
of the modelling results. Before discussing the latter in Section 4.2, we provide the 
reader with an overview of the two types of assessed complexity in Section 4.1. This 
overview includes maps to support the identification of potential geographic patterns 
and some basic statistics allowing for a better numerical comprehension of the two 
variables. This is then followed by a discussion of the modelling results obtained in 
conjunction with our operationalisation of sense of place. We finally discuss some 
limitations of our approach in Section 4.3.

Table 2. Spatial autocorrelation results for the DLCi and DLSi scores. The reported p values have 
been determined for two-sided tests and under the randomisation assumption (for the latter, see 
Cliff and Ord 1981).

Score Spatial weights Moran’s I p-value

DLCi 5-NN 0.04 0.20
DLCi 10-NN 0.03 0.21
DLSi 5-NN 0.03 0.36
DLSi 10-NN 0.03 0.14
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4.1. Shape complexities

Adequate contextualisation of the modelling results presented below requires a good 
understanding of the nature of both types of shape complexity (which are also both 
reflected in the combined variable employed in the modelling step). Figure 4 shows 
the histograms of the two standardised shape complexity measures DLCi (Figure 4(a)) 
and DLSi (Figure 4(b)). None of the histograms provides clear indications of sym
metry. Therefore, the arithmetic means of the underlying sample values may be of 
limited informative value, and we have therefore standardised the variables by cen
tring them around their medians and scaling them by their median absolute devia
tions. The values shown in the histograms are therefore expressed as multiples of the 
median of the absolute deviations from the sample median and not as multiples of 
standard deviations (as would be the case with the more common form of z-score 
standardisation). These histograms are supported by maps shown in Figure 6, which 
provide an idea of the geographical distribution of both the sampled polygons and 
their respective shape complexity scores.

The contour-related DLCi values show a long-tail behaviour towards the right tail and 
an accumulation in the lower to middle value range of their distribution. The histogram 
in Figure 4(a) shows a peak at (non-standardised) values between 12 and 13 (around 0 in 
the plot of standardised values). This peak is below the arithmetic mean of 13.84 and 
includes the median of 12.92. The decline to either side is sharp, while it appears more 
abrupt towards the lower end. Since DLCi is supported on the semi-infinite interval 
0;1½ Þ, one could have intuitively expected an accumulation of values near the lower 

bound 0 of the support. However, looking at the contours shown in Figure 6(a), it is 
noticeable that most contours with low complexity are triangular, quadrangular, or 
similar in shape. Recall that the null model to which the contours are compared assumes 
a smooth contour. The shapes described here are not particularly smooth but, although 
they are relatively simple, still have an edgy character. This explains why the histogram 
does not peak near the lower bound, but slightly away from it. This characteristic is also 
captured in Figure 5(a), which juxtaposes the DLCi scores with the numbers of contour 
points and the areas covered by the polygons drawn. The DLCi values are not signifi
cantly correlated with contour length (r ¼ 0:07), but strongly associated with the number 
of contour points (r ¼ 0:94). The right-hand side of the empirical distribution is char
acterised by outliers. These range up to DLCi values above 40 (more than 16 times the 
median absolute deviation) and indicate that some respondents drew rather complex 
footprints of their most important places. We therefore have two types of contours: 
simple ones, which are characterised by edgy but simple contour lines, and complex ones 
causing a long right tail in the DLCi empirical distribution.

The DLSi values, which describe the complexities of the skeletons, are closely linked to 
the contour-related DLCi values. Both complexity measures are strongly and significantly 
correlated (r ¼ 0:944, p � 0:01), which is why we de-correlate them for the regression 
modelling (as outlined inSection 3.3). The strong correlation indicates an interesting 
correspondence: respondents who draw complex contours also tend to draw more com
plex shapes overall. This finding is easy to explain for the most complex shapes drawn but 
not trivial in a general sense, as it would be quite possible to draw a simple overall shape 
(e.g. a more or less linear polygonal structure) but with complex, sharply angled contour 
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line segments. The strong correlation shows that, at least in our sample, those who draw 
complex overall shapes also tend to draw more complex contour lines. Apart from this, we 
see a weak correlation between DLSi and skeleton length (r ¼ 0:21, p � 0:01), which, 
however, does not appear to be very systematic when the two variables are plotted against 
each other (not shown due to length restrictions) but driven by a few outliers. This weak 
correlation can be explained by the fact that very small and simple polygons tend to 
condense into simple single-line skeletons, of which there are several in the map, as shown 
in Figure 6(b). Looking at the histogram shown in Figure 4(b), the lower end of the 
distribution shows a different pattern than for DLCi. A large number of observations 
accumulate in the region near the lower bound of 0, which can be explained by the single- 
line skeletons combined with sprout numbers close to their expectation, as described 
above. The right tail of the histogram shows some outliers in a similar order of magnitude 
as observed for DLCi. These outliers strongly coincide with those of DLCi and form the 
most strongly correlated subset of the value range. This subgroup of corresponding high 
DLCi and DLSi values can also be identified when comparing Figures 5(a) and 5(b).

4.2. Modelling results

The results of both types of logit modelling are described and discussed below. For the 
ordinal proportional-odds logit modelling, summaries of the results are presented in the 
Tables 3–5, which are divided into sub-tables presenting the results for the correspond
ing ordinal sense-of-place variables. In each table, the contributions of the ordinal 
independent variables are presented in terms of their linear, quadratic, cubic, and 
quartic influences on all categories, thereby recognising their ordinal nature (rather 
than using their categories independently). Thereby, the results for variables with the 
suffix ‘.L’ indicate the impact of linear trends across the ordered categories, the ‘.Q’ 
component provides the influence of possible quadratic trends (i.e. acceleration or 
deacceleration), and so on. For each fitted model, the results of Hosmer–Lemeshow 

Figure 5. Scatterplots juxtaposing polygon areas, the number of contour points, and the respective 
complexity scores. The polygon areas and the numbers of points are presented on a logarithmic 
scale for improved visualisation. The complexity scores are centred on their respective sample 
medians and scaled according to their median absolute deviations.
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tests (which are based on the differences between fitted and observed counts per 
category of the dependent variable, see Fagerland and Hosmer 2012) and Nagelkerke 
pseudo-R2 values (which represent the surplus in explanatory power of the models 
compared to models without regressors, see Nagelkerke 1991) are also reported and 
interpreted in tandem. In contrast, reporting the results of the baseline-category logit 
modelling yields more extensive tables due to the four categories looked at for each of 

DLCi

DLSi

Figure 6. Overview maps of the two different calculated shape complexity scores.
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the nine variables. The respective tables are thus found in Appendix D. As explained in 
Section 3, the results of the baseline-category modelling are generally more uncertain 
than the results of the proportional-odds modelling. The former must therefore be 
viewed with greater caution than the latter.

4.2.1. Place attachment
Our three assessed place attachment variables capture respondents’ emotional attach
ment to their self-declared most important places. The results of the proportional-odds 
logit modelling summarised in Table 3 show some similarities between the variables 
‘Joy’ (PA2) and ‘Preference’ (PA3). Both variables capture emotional ties to a place in 
different ways, with PA2 focusing on whether a place evokes positive/negative emo
tions, whereas PA3 is linked to a person’s disposition towards particular place char
acteristics and the resulting affection for a place. The pseudo-R2 values and the 
Hosmer–Lemeshow tests for both models are acceptable, with the model for PA2 
showing a better goodness of fit. Both variables are linearly positively influenced by 
accessibility (ac.L). The variable ‘Joy’ is further influenced positively (and strongly in 
terms of effect size) by the suitability of a place for social interaction (so.L). Both 
models show a moderately strong influence of footprint shape complexity via pca2, 
which mainly reflects numbers of contour points. Thus, the more points respondents 
sketched, the more likely it is that someone rated PA2 and PA3 higher (this interpreta
tion follows from the ordinal nature of the modelling). The latter does not apply to PA1 
(‘Easing’), for which both the p-values and the effect sizes ηexp

p of the shape complexity 
scores are close to 1. One possible explanation for the deviating model response could 
lie in a stronger link between the other two dependent variables. One could argue that 
‘Preference’ (PA3) is a partially downstream consequence, or manifestation, of repeated 
experience of ‘Joy’ (PA2). Thus, both variables would have a certain relationship with 
each other, whereas ‘Easing’ expresses relaxation, which is a different (though related) 
affect from pleasure (Russell and Pratt 1980). It is also possible that the respondents 
evaluated the latter dimension more light-heartedly and positively, as one can in 
principle also feel relaxed (understood in a more colloquial manner) in places with 
less strong emotional charge. In addition, the model for this variable shows an appro
priate pseudo-R2, but a highly significant Hosmer–Lemeshow test. The results should 
therefore be treated with caution.

The results of the baseline-category logit modelling are offered in Tables D1, D2, and D3 
(all in Appendix D). They largely confirm the results reported above, but provide further 
detail. For PA2, the pca2 variable is significant when comparing ‘strongly agree’ with the 
baseline category ‘neutral’, but not for other comparisons. This means that the averaged result 
reported above is mainly driven by the very strong expressions of ‘Joy’. However, there is also 
a non-significant but rather strong negative effect when comparing ‘disagree’ with the base
line category, which might be an interesting indication worth reporting. Apart from the 
complexity scores, the disaggregated results confirm the findings for accessibility (ac.L), but 
show that these mainly apply to above-average ‘Joy’ scores. The latter is also true for a 
quadratic, accelerating trend in aesthetic place evaluation (ae.Q), which is a further con
firmation of the ordinal results reported above. In contrast, the influence of sociability is not 
confirmed. This variable shows strong but fluctuating effect sizes for some categories, which 
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could explain the global trend reported above. Regarding PA3 (‘Preference’), the baseline- 
category logit results show that pca2 mainly has a negative effect on the ‘disagree’ category. 
However, no significant positive effect is observed for high values in the dependent variable. 
In addition, we can notice a highly significant impact of pca1 on ‘agree’ scores, though the 
effect size is not notably strong. Beyond footprint complexity, higher order trends (.C, .4) are 
sometimes flagged as significant, but these are rather difficult to interpret as the results are not 
very systematic, so we refrain from interpretations at this point. The results obtained for PA1 
confirm the results reported in the previous paragraph. Sociability strongly dominates for the 
categories ‘agree’ and ‘strongly agree’, but not for others. The Hosmer–Lemeshow tests are 
highly significant for all models, which is probably an effect of the reduced sample size per 
category. In contrast, the Nagelkerke pseudo-R2 values are between 0.4 and 0.6, which is an 
improvement over the averaged ordinal models reported above.

4.2.2. Place identity
The results of the proportional-odds logit modelling for place identity are found in 
Table 4. All three variables capture the extent to which someone associates their own 
personal characteristics with meaningful places. The variables PI1 (‘Personification’) 
and PI3 (‘Materialisation’) are quite close to each other and differ primarily in the 
degree of abstraction required by the respondents. PI1 is more focused on very 
personal, individual characteristics, while PI3 requires a step of abstraction through 
categorisation into personality types. The results reported in the Tables 4(a) and 4(c) 
thus show similarities. Both variables are influenced by the aesthetic qualities of places, 
for which we can thus recognise a role in the process of people’s personal relationship 
with urban areas. The cubic component of the aesthetics variable furthermore indicates 
a strong upward slope across the analysed aesthetics categories. The result for PI2 
(‘Oneself’) in Table 4(b) differs slightly from the other two, as aesthetics does not 
appear to play a major role. One reason for this could be the opposite nature of the 
underlying question, in which respondents are asked to relate their own personality to 
an area (in PI1 and PI3, the areas must be related to oneself). Another reason could be 
that some respondents may have misunderstood the possibility of ‘being themselves’ as 
‘letting go’ or ‘relaxing’, which could have led to incorrect answers. There is a significant 
linear trend in sociability for all three variables. However, inspection of the results on a 
map suggests that this is more likely to be a secondary effect caused by the fact that 
many of the higher scores for place identity are found in dense urban areas such as 
Benfica and the Old Town, which also have high scores for sociability. The complexity 
of the footprint shape is also significant for all variables, with the highest effect size 
regarding pca2 for PI3 related to personality types. In contrast, the lowest pca2 effect 
size is found for the PI1 variable that captures the most direct correspondences between 
individuals and places. This could indicate that people have a stronger place-related 
intuition for more abstract personality categories into which they categorise themselves 
than for more complex and unspecified characteristics. In terms of other forms of shape 
complexity, beyond the number of points sketched, only PI1 (‘Personification’) is found 
to be significantly related to pca1. This is interesting as it suggests a stronger link 
between potentially more nuanced and subtle aspects of form complexity and the 
evaluation of place identity with a more personalised, intimate, individual character. 
Again, the model fit diagnostics show a mixed picture, with the Nagelkerke pseudo-R2 
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values being acceptable, but many Hosmer–Lemeshow tests being significant. Thus, as 
expected, there is most likely some uncertainty in the models.

The results of the baseline-category logit modelling for place identity (Tables D4, D5, 
and D6) provide further evidence of the differences between the three different types of 
aspects captured in PI1, PI2, and PI3. The importance of pca2 (i.e. the variable related 
to number of contour points) is only confirmed for PI2 (‘Oneself’) and PI3 
(‘Materialisation’), but not for PI1 (‘Personification’). The influence of pca2 is domi
nated by the two highest categories (‘agree’ and ‘strongly agree’) through increasing 
their odds. Interestingly, the results for the lowest categories (‘disagree’ and ‘strongly 
disagree’) are not noteworthy in terms of p-values and only marginally in terms of effect 
size. These results seem to confirm the indication reported above that people seem 
more likely to associate their important places with personality categories (PI3) than 
with unspecified characteristics (PI2). Another interesting result is that the strong 
influence of aesthetic place qualities found for PI1 and PI3 is not confirmed by the 
category-wise modelling. Instead, some significant influences are reported for fourth- 
order trends for both aesthetics and accessibility. However, as mentioned above, these 
are difficult to interpret in isolation without lower order trends also being significant. In 
contrast to the influences determined for pca2, pca1 is significantly related to ‘agree
ment’ and ‘disagreement’ categories for PI1, and thus on both sides of the neutral 
category. It is noteworthy that the largest effect is associated with the lowest category 
(‘strongly disagree’) and is negative. This shows that, beyond mere point counts, people 
seem to draw less complex polygons for places that they do not think are related to their 
identity. Positive effects beyond the neutral category, by contrast, are more limited in 
effect size, though the impact pca1 has on ‘agree’ is flagged as strongly significant. The 
Nagelkerke pseudo-R2 values are acceptable for all models, but the Hosmer–Lemeshow 
tests are significant.

4.2.3. Place dependence
The place dependence variables represent different aspects of the added value of 
opportunities offered by meaningful places. PD1 (‘Suitability’) and PD3 (‘Affordance’) 
ask about the ability of places to facilitate meaningful activities, with PD1 referring to 
the degree of supportive capabilities of a place and PD3 emphasising the more general 
affordance of facilitating meaningful activities in the first place. In contrast, PD2 
(‘Uniqueness’) asks about the degree to which the places deemed most important are 
superior to others in this respect. The proportional-odds logit model results show a 
mixed picture (Table 5). While, according to the Hosmer–Lemeshow tests, these models 
generally appear to be better suited than the models for other variables, the Nagelkerke 
pseudo-R2 values are comparatively lower. Not surprisingly, although usability (us.L) is 
significant in only one model (PD3), it consistently shows relatively low p-values (close 
to 0.1) and relatively large effect sizes in all three models. Given the uncertainties in our 
modelling, it is therefore reasonable to assume a tendency, which seems reasonable in 
light of the meaning of place dependence we employ for this study variable. For PD1, 
there is also a significant linear trend across the accessibility categories (ac.L), which is 
also plausible as accessibility may be one of the supporting capabilities of place that this 
variable is intended to capture. The only model for which footprint shape complexity 
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(pca2) is significant is PD1, however the p-value is not very small and the effect size is 
smaller than in most of the other models described above. Shape complexity appears to 
have little effect on the other place dependence variables.

The results of the baseline-category modelling (Tables D7, D8, and D9) shed further 
light on the results reported above. Regarding PD1 and PD3, the pca2 shape complexity 
variable capturing numbers of contour points has a negative significant effect for the 
disagreement-related categories. At the same time, pca1 (capturing shape complexity 
beyond mere numbers of points) yields a significant positive impact on ‘disagreement’ 
and ‘strong disagreement’ and for the same variables. This contrasting effect of positive 
influence for pca1 and negative influence for pca2 on disagreement may have led to the 
somewhat uncertain but significant result for shape complexity on PD1 in the previous 
paragraph. In particular, the positive effect of pca1 on the log odds of the ‘disagree’ 
categories appears to be counter-intuitive. However, this effect is consistent for PD1 
and PD3, two categories that are similar in that they assess the utility of a place (as 
opposed to PD2, which is about comparing places regarding utilitarian aspects). One 
possible explanation for this behaviour could therefore be that some people in our 
sample have identified their places as meaningful and important in the sense of 
utilitarian aspects such as shopping, dealing with administrative matters, etc. Such 
places are indeed meaningful and important. While such places may be important, 
they could differ from other types of places in terms of intimate relationships and 
bonding, which could have led to the results reported above. For PD2, the disaggre
gated, category-by-category modelling shows that while usability is not linearly corre
lated, it shows an accelerating trend in the odds for ‘agree’, while it is linearly negatively 
correlated (but not significant) for ‘disagree’. In contrast to the proportional-odds 
modelling, the results for the baseline-category modelling show a significant negative 
effect of shape complexity (pca2) for the ‘disagree’ category for PD3. These models 
should also be viewed with some caution (all Hosmer–Lemeshow tests are significant), 
although the Nagelkerke pseudo-R2 values are slightly more favourable than for the 
results described in the previous paragraph.

4.3. Limitations

The methodological approach used is subject to certain limitations. One of these 
limitations is that we do not have information about the acquisition scale of the 
polygons. Some of the respondents might have zoomed in before drawing, while others 
might have chosen a coarser scale of recording. The reason why this is a limitation is 
that the acquisition scale might have influenced the geometric qualities of the footprints 
collected, an effect that has been observed in the context of volunteered geographic 
information (Touya and Reimer 2015). However, even if different mapping scales are 
reflected in our database, they should occur randomly with respect to the data collected 
with the survey as there is no reason to believe that only respondents contributing high 
or low-complexity polygons have zoomed in or out, which means that no systematic 
effects on our correlative assessment should be discernible. Researchers attempting to 
replicate our research in other geographical areas should record the acquisition scale via 
the web mapping technology they use. Another limitation is that all our participants 
have taken part in public participation activities in the past. It is well known that these 
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types of activities attract people according to their language skills, socio-economic and 
demographic status, technical skills (especially in online participation), and other 
factors (Lawson et al. 2022). Thus, despite the good fit of our participant group with 
some general Lisbon population characteristics, our results may not be fully represen
tative of all branches of society. However, as our sampling technique allowed us to 
engage with a reasonable number of people living in the city of Lisbon, we argue that 
our approach is useful as long as the limitations outlined are taken into account and no 
undue inferences are made. A third and similar limitation is that we did not capture 
personality traits (McCrae 2009) to identify, for example, someone as pedantic or 
perfectionist in nature. Such traits may further interact with underlying values (see 
Parks-Leduc, Feldman, and Bardi 2015) and could have affected the geometric proper
ties of the mapped polygons. However, reliably identifying these traits would have 
required an extensive experimental design, which could not only have affected our 
participants’ willingness to participate but would also have reduced our sample size due 
to the effort required. Future research on spatial footprints of sense of place could 
therefore be conducted on a smaller scale and allow for more in-depth interaction with 
individual participants. Further, as mentioned above, there is no perfect model for the 
type of information at hand. Our tandem of two models can therefore only provide 
indications (possibly strong indications if both models agree), but no definitive con
clusive results. Our aim is therefore to gather meaningful evidence from our sufficiently 
large sample (for which our approach is suitable), on the basis of which more in-depth 
analyses of smaller datasets from fewer respondents can be conducted in follow-up 
research. Another interesting aspect that we do not address in the present investigation 
is the extension of place-making to the digital domain (see Basaraba 2023; Halegoua 
and Polson 2021, for a recent overview and special issue). This could also have an 
impact on how people translate places into geometric representations and should be 
explored in future research. Finally, and inherent to our case study approach, our 
findings are based on data from a single city. Future studies in other cities, including 
variations of different cultural regions, are therefore necessary to complement the 
results put forward in this article.

5. Discussion and conclusions

Analysing spatial footprints of places in a meaningful way requires an understanding of 
how such reductionist representations relate to place. In this article, we analysed 
possible relationships between sense of place and the shape complexity of correspond
ing spatial footprints. Data were collected using a web-mapping-based survey in which 
participating Lisbon residents could draw polygons of their self-selected most important 
places on a map. This was followed by a series of statements to operationalise sense of 
place. The analysis then started from a null hypothesis of smooth contours and 
employed two statistical measures of shape complexity to assess both the contours 
and the polygonal shapes overall. The relationships between sense of place and these 
shape complexities were established using two types of logit regression models. Our 
results show that shape complexity has little to do with utilitarian place dependence, but 
exhibits some strong associations with attachment and identity-related aspects of place. 
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The ways in which people sketch footprints thus reflect relevant features of the under
lying sense of place.

Looking at the results of the three sense-of-place dimensions combined, we can 
conclude that the variables reflecting a deeper engagement with places are related to 
aspects of complexity beyond mapped numbers of points. For place attachment, we see 
that the variable pca1 (that is, that variation shared between the two complexity 
measures that does not correlate with the number of contour points) is significantly 
and positively associated with the statement that indicates places as favoured (PA3). Of 
the three place-attachment statements, this is the one whose judgement requires a 
stronger engagement with the corresponding places than the others. A similar pattern 
emerges for the dimension of place identity. Here we find a negative relationship for 
disagreement and a positive relationship for agreement with the variable PI1, which 
presupposes a stronger association at a detailed level between personality and place. 
These findings show strong indications of a relationship between either the general level 
of detailed knowledge about or affiliation with a place, or the reflection of a place at the 
moment of answering the survey. Both are possible and would need to be investigated 
more specifically. A clearer determination of such a distinction would require more 
detailed knowledge of the factors that feed into the variable pca1 that is used here as an 
aggregate. For many other place attachment and place identity variables, the number of 
contour points set also plays an important role. We can interpret this as follows: 
Increasing the number of points can be seen as a weak level of complexity increase, 
as more points in the present study design implies setting a higher number of detail or 
corner points of the mapped territories. At a certain stage of place engagement, more 
sophisticated forms of complexity take over in the geometric place representation, such 
as a more precise delineation of spatial details, better recall of more precise shape 
trajectories, among other aspects. These interpretations may be supported by recent 
findings on the relationship between the amount of semantic information in visual 
scenes and the contraction and expansion of scene boundaries. Greene and Trivedi 
(2023, 454) have found that “[. . .] semantic (but not visual) information predicted 
whether a scene’s boundaries would contract or expand in memory”. In our study, 
contracting may imply concave contours (which are often rated as more complex). 
Moreover, the amount of semantic information here implies a greater degree of mean
ingful and intimate prior experience with places. These aspects may partly explain our 
conclusion drawn above.

The results presented above can be related to the psychological literature on repre
sentational complexity. In recent studies, Sun and Firestone (2022a) and Sun and 
Firestone (2022b) have shown that the complexity with which people represent visual 
stimuli (including polygons) exhibits an inverted U-shaped graph when plotted against 
the complexity assessments of the features under consideration (which included poly
gons). An important difference to our study is that the respondents did not have to 
sketch themselves but interpreted predefined polygons and therefore had to describe 
features that might be more complex than the respondents would have chosen them
selves under free choice. However, evidence was found of a correspondence between 
visual processing and the drawing of visual stimuli (C. P. Davis, Morrow, and Lupyan 
2019; Fan, Yamins, and Turk-Browne 2018). It is therefore plausible that our study 
complements the outlined findings in two ways: we present a geographical scenario that 
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goes beyond the abstract (non-contextualised) shapes presented to the subjects in Sun 
and Firestone (2022a) and Sun and Firestone (2022b), and we extend the complexity 
view towards sense of place and thus towards a complex process upstream of visual 
representation. These aspects are usually not taken into account in depth in existing 
studies and shall be considered in future research.

Another interesting aspect that emerged in our study is the prevalence of quadri
lateral polygons mapped by our respondents. These polygons are particularly associated 
with lower complexity scores and lower sense of place scores, but are abundant across 
the spectrum. An intuitive explanation for this effect is that the mapping function of 
our survey to some extent invited respondents to choose these types of shapes if they 
did not want to spend too much time and effort completing the survey. However, it has 
also recently been shown that humans process quadrilateral shapes differently than 
animals: “[. . .] in humans only, regular quadrilaterals such as squares, rectangles or 
parallelograms (which can be compressed in the present language) are easier to perceive 
than less regular ones” (Sablé-Meyer et al. 2022, 19; see also Sablé-Meyer et al. 2021). 
Again, these findings are based on the interpretation of visual stimuli and therefore 
differ slightly from our study design. Nevertheless, we speculatively argue that our 
respondents may have given so many self-reported quadrilateral shapes because 
humans tend to process them with more ease. This would suggest a mechanism similar 
to vision that is associated with the translation of sense of place into geometric 
footprints. As this process has been little researched to date, this could provide an 
interesting link to existing (and also early stage) research.

We have further shown that the utilitarian aspects of sense of place in particular have 
little to do with shape complexity. This could have various reasons. Westerholt, Acedo, 
and Naranjo-Zolotov (2022) used Google Places to show that the presence of suppo
sedly anonymous shopping opportunities and mundane facilities in particular has a 
negative correlation with place identity aspects. We show that similar findings appear to 
be evident in connection with shape complexity, as such places are presumably asso
ciated more with place dependence than with the more personal dimensions of place. 
There could be several possible explanations for this. One reason for the marginal 
association could be the everyday nature of utilitarian places. The habitualised processes 
and movements at retail venues, for example, can certainly shape the character of a 
place to a certain extent (Cheshmehzangi and Heat 2012; Seamon and Lundberg 2017; 
Seamon and Nordin 1980). However, it may be that the taken-for-grantedness of such 
places only comes into play on site, in the concrete experience, and may not be 
sufficiently personal and effective in terms of identity for the reduction process to 
corresponding spatial footprints. The above-mentioned mundane nature of the places 
mentioned, including the associated lack of conscious reflection and thus neglect when 
drawing polygons, could mean that people only really consciously reflect on these places 
once they have lost them (Hull, Lam, and Vigo 1994). The ideas of supermodernity 
(Augé 1995) and placelessness (Relph 1976) – which may be related to the presumed 
anonymity described above – could also provide important explanations here. Finally, 
our results regarding the lack of influence of place dependence on shape complexity 
show that further research is needed into this area.

In 2015, Brown, Raymond, and Corcoran (2015, 50) flagged their article as “the first 
study to trial the direct mapping of place attachment through an internet-based PPGIS. 
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[. . .] The construct of place attachment has been the subject of extensive academic and 
literary attention, but not as a spatially explicit variable in PPGIS.” We are still faced 
with a paucity of directly related studies that focus specifically on place (rather than 
related yet distinct concepts such as cognitive regions, memories, landscape values, 
etc.). We also suggest that follow-up studies should focus more on technical aspects 
such as zoom levels, homogeneity of mapping knowledge (although this might limit the 
group of potential respondents), among other aspects. Although our results show that 
spatial footprints can tell us something about place, a more systematic focus on the 
influence of mapping technology in place mapping would be beneficial for place 
research in planning and geography. Spatial footprints of sense of place are particularly 
important for participatory planning, for example through the use of participatory 
geographic information systems (PPGISs) and participatory mapping initiatives (e.g. 
Américo da Silva, Kormann da Silva, and Westerholt 2024; Klonner et al. 2021; Knaps 
et al. 2022; Nummi 2018; Verbrugge et al. 2019). These activities typically aim to 
support learning about the ideas, feelings, and meanings that people associate with 
places, and therefore sense of place plays a pivotal role. Moreover, PPGIS and mapping 
can bridge the gap between planning and the related field of geographic information 
science. Place is currently gaining prominence in the latter field (Gao 2022; Mocnik 
2022; Purves, Winter, and Kuhn 2019; Westerholt 2019; Westerholt, Mocnik, and 
Comber 2020), which could provide further interesting links to planning in the future.

Notes

1. This sentence should only be understood as a juxtaposition of the two very different 
concepts of geometric space and meaningful places. People do also often live outside of 
meaningful places, for example, when moving between them.

2. For discussions of geographic space concepts, see Thrift (2009) and Smirnov (2016).
3. In this study, we only consider physically and mentally unimpaired individuals. Results 

for participants with other characteristics may differ from ours.
4. Note that we do not discuss mental (or cognitive) mapping in our literature review. The 

reason for this omission is that mental mapping focuses on topology (Blaser 2000; Tang et al. 
2020), and thus the geometric characteristics of mental mapping are often not readily 
comparable to those of sketch mapping results. For example, Catney, Frost, and Vaughn 
(2019) show how people inflate the scale of features that are important to them in freeform 
drawing, which cannot happen in sketch mapping due to the different mapping technique.

5. See also Mocnik (2022), 811 f.) for a recent, pointed discussion on the relationship 
between space and place.

6. Like with place, the precise meanings of space may differ slightly between schools of 
thought (for a discussion, see Olwig 2006). Therefore, de Certeau (1984, 117) actually 
speaks of space as practised place, but uses both terms in roughly opposite meanings to 
those we use for this work.

7. Mapping is used here as a shorthand term for representing places using geospatial 
coordinates on a map.

8. We have used the PostGIS functions ST_StraightSkeleton and ST_ApproximateMedialAxis. 
The PostGIS implementation of the latter is based on the straight skeleton, which is why both 
are in correspondence.

9. Cutpoint coefficients are comparable to intercept coefficients in ordinary linear regression.
10. We only need to model up to the ðJ � 1Þ-th category, as the J-th category would yield an 

odds denominator of zero, as follows from equation (3).
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11. We extend the results of the multicollinearity assessment to the baseline-category logit model. 
The latter is strongly substratified, so that the corresponding estimates are rather unstable.
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Appendix A. Invitation letter introducing the survey

Original Portuguese version

Caro Cidadão,
A fase de Apresentação de Propostas ao Orçamento Participativo de Lisboa 2017 já terminou. 

Entre 18 de abril e 11 de junho percorremos todas as zonas da cidade, promovendo cidadania ativa, 
através da realização de Sessões Participativas e participando em vários eventos e iniciativas de rua.

Nesta edição em que o OP lisboa celebra 10 anos, o balanço desta 1ª fase é positivo, facilitar a 
participação e o envolvimento dos cidadãos na governação da cidade, dando oportunidade de 
contribuir para uma cidade melhor para todos, foi um objectivo alcançado.

Foram muitos os cidadãos que responderam ao nosso apelo, apresentando as suas propostas 
para Lisboa, que serão apreciadas internamente pelos serviços municipais competentes, entre 19 
de junho e 24 de Setembro, dando cumprimento à segunda fase do OP – Análise das Propostas.

Aproveitamos este contacto para vos convidar a participar no inquérito sobre o ‘Sentido do 
local, capital social e participação cidadã’. O Município de Lisboa tem vindo a reforçar os 
mecanismos de participação junto dos cidadãos com o objetivo de se prenunciarem sobre a 
cidade, nas suas várias áreas de competência, envolvendo-os nas dinâmicas de governação da 
cidade, através dos processos participativos.

Com o objectivo de perceber de que modo os locais e as relações sociais do cidadão 
influenciam a sua participação na cidade, a CMLisboa disponibilizou-se para colaborar num 
projeto de investigação da Nova Information Management School (NOVA IMS) da Universidade 
Nova de Lisboa, que aborda esta temática.

Nesse sentido, solicitamos a sua disponibilidade e colaboração para responder ao inquérito 
através do seguinte link: http://placeandcity.com

Por favor, responda ao inquérito num computador portátil ou num computador de secretária, 
dado que algumas funções não funcionam bem em telemóveis e outros dispositivos semelhantes.

Às submissões nº 10, nº 50, nº 100, nº 200, nº 500 e nº 1000, será atribuído um cartão oferta 
no montante de 50,00€. Para se habilitar a esta oferta, tem de fornecer o seu email no campo 
indicado no final do inquérito. Caso os números da oferta não estejam identificados, a oferta será 
entregue ao número imediatamente a seguir, devidamente identificado com o respetivo email.

Obrigado pela sua participação!

Translated English version

Dear Citizen,
The phase for submitting proposals to the Lisbon Participatory Budget 2017 is now over. 

Between 18 April and 11 June we toured all areas of the city, promoting active citizenship by 
holding Participatory Sessions and taking part in various street events and initiatives.

In this edition, in which the Lisbon Participatory Budget celebrates its 10th anni
versary, the balance of this first phase is positive: facilitating the participation and 
involvement of citizens in the governance of the city, giving them the opportunity to 
contribute to a better city for all, was an objective that was achieved.

Many citizens responded to our call, submitting their proposals for Lisbon, which will be 
assessed internally by the relevant municipal services between 19 June and 24 September, 
leading to the second phase of the Participatory Budget – Analysis of Proposals.

We would like to take this opportunity to invite you to take part in the survey on 
‘Sense of place, social capital and citizen participation’. The Municipality of Lisbon has 
been reinforcing mechanisms for citizen participation with the aim of giving citizens a 
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say in the city, in its various areas of competence, involving them in the dynamics of 
city governance through participatory processes.

With the aim of understanding how citizens’ locations and social relationships 
influence their participation in the city, CMLisboa has offered to collaborate on a 
research project at the Nova Information Management School (NOVA IMS) of the 
Universidade Nova de Lisboa, which addresses this issue.

We therefore ask for your availability and co-operation in answering the survey via 
the following link: http://placeandcity.com

Please answer the survey on a laptop or desktop computer, as some functions do not 
work well on mobile phones and other similar devices.

Submissions no. 10, no. 50, no. 100, no. 200, no. 500 and no. 1000 will be awarded a 
gift voucher worth €50.00. To qualify for this offer, you must provide your email address 
in the field at the end of the survey. If the offer numbers are not identified, the offer will 
be given to the immediately following number, duly identified with their email address.

Thank you for your participation!

Appendix B. Statements used to operationalise control variables

Appendix C. Approximation of tangent angles

The angles involved in the statistical considerations in Section 3.2 are not those included 
between two consecutive line segments, but those measured between the turning segments 
and the tangents of idealised, hypothetical smooth contours at the turning points. Since these 
tangents are not defined for the sharp corners of polygons due to their non-differentiability, 
we must approximate the corresponding angles with an adequate approach that represents 
the assumed smooth contours locally. The way we approximate the required tangents in this 
work is through the circumcircles of the triangles formed by two respective line segments 
when closed and Figure C1 illustrates our approach. The first step is to determine the 
coordinates of the circumcentres of the circumcircles. The circumcentres are the points at 
which the centred lines perpendicular to the sides of the triangle intersect. Let xA; xB; xC and 
yA; yB; yC be the coordinates of the start and end points of the line segments involved. The 
coordinates xU; yU of the circumcentres are given as

Table B1. The queried statements used to operationalise the accompanying control variables 
sociability, usability, aesthetic impression, and accessibility. Each statement was rated by the 
respondents in terms of Likert items ranging from 1 (strongly disagree) to 5 (strongly agree).

Variable Label Statement

Sociability so Sociability (neighbourly, friendly, interactive, welcoming, etc.)
Usability us Uses & activities (fun, active, vital, useful, etc.)
Aesthetic impression ae Comfort & image (clean, green, spiritual, attractive, etc.)

Accessiblity ac Access & linkage (continuity, walkable, accessible, proximity, etc.)

The statements above have been translated and were presented to the Lisbon-based participants in Portuguese. The 
identifiers so, us, ae, and ac are used as variable names in Section 4.2. Please note that the labels in the second column 
are brief summaries for use in this article. They were not presented to the respondents in the survey. 
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with d ¼ 2ðxAðyB � yCÞ þ xBðyC � yAÞ þ xCðyA � yBÞÞ. The circumcircle radii are then given by the 
distances between the centres of the circles to one of the three corresponding points of the triangles, as 
these points are guaranteed to lie on the circumcircles. In the next step, we need to calculate the linear 
equations of the tangents at the respective points B, i.e. at the turning points we are interested in. For 
each circumcircle, we can determine the gradient of a line segment that connects U and B. This is given 
as mUB ¼

δy
δx 

and helps us to calculate the slope of the tangent, as the tangent is perpendicular to the line 
UB. The latter implies that the slope of the tangent T is given as

With this and the slope mBC of the line string connecting points B and C we can calculate the 
acute angle α enclosed in-between the tangent line and the continuing line segment, which is 
given by

Figure C1. Illustration of the tangent approximation at turning points. A, B and C denote the start 
and end points of the line segments involved (all shown in black). U is the circumcentre, which 
serves as the centre point of the circle that runs through all three points of the line segments. All 
auxiliary calculated constructs are shown in grey. The tangent T is shown as a solid blue line.
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Appendix D. Baseline-category logit modelling results

Table D1. Results of the baseline-category logit modelling for PA1 (Easing). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -26.66 2528.08 0.99 4,ae.L 0.30 1.60 0.85
2,Intercept -25.50 4000.13 0.99 5,ae.L 0.45 1.68 0.79

4,Intercept 1.48 1.91 0.44 1,ae.Q 10.55 12734.85 1.00
5,Intercept 0.29 2.08 0.89 2,ae.Q 0.93 15488.16 1.00
1,so.L -21.00 9649.77 1.00 4,ae.Q 1.89 1.45 0.19

2,so.L 18.51 7607.78 1.00 5,ae.Q 2.90 1.54 0:06�

4,so.L 2.81 1.41 0:05�� 1,ae.C -5.84 6050.30 1.00

5,so.L 2.91 1.47 0:05�� 2,ae.C 7.33 9052.96 1.00
1,so.Q 13.18 8084.69 1.00 4,ae.C 0.63 0.93 0.50

2,so.Q -5.52 6190.27 1.00 5,ae.C 0.18 1.01 0.86
4,so.Q -0.94 1.18 0.43 1,ae.4 2.43 7146.78 1.00
5,so.Q 0.03 1.22 0.98 2,ae.4 -14.39 5091.56 1.00

1,so.C 0.17 5118.67 1.00 4,ae.4 0.14 0.56 0.80
2,so.C 22.50 4721.28 1.00 5,ae.4 0.18 0.63 0.78

4,so.C 0.22 0.82 0.79 1,ac.L -14.24 8109.67 1.00
5,so.C -0.10 0.92 0.91 2,ac.L 11.70 17008.79 1.00

1,so.4 -6.50 5771.60 1.00 4,ac.L 0.07 1.50 0.96
2,so.4 -8.70 3621.21 1.00 5,ac.L 1.82 1.74 0.30

4,so.4 -0.64 0.54 0.23 1,ac.Q 9.25 13654.44 1.00
5,so.4 -0.54 0.63 0.39 2,ac.Q -8.80 14375.05 1.00
1,us.L 16.79 15912.54 1.00 4,ac.Q 2.17 1.27 0:09�

2,us.L -16.80 2605.55 0.99 5,ac.Q 0.99 1.46 0.50
4,us.L 0.57 1.19 0.64 1,ac.C 5.53 4824.08 1.00

5,us.L 0.49 1.19 0.68 2,ac.C 5.20 8504.40 1.00
1,us.Q -13.92 14729.11 1.00 4,ac.C -0.87 0.89 0.33

2,us.Q 23.89 3501.43 0.99 5,ac.C 0.46 1.00 0.64
4,us.Q -0.33 0.99 0.74 1,ac.4 -9.16 15252.64 1.00
5,us.Q 0.63 0.99 0.52 2,ac.4 -1.23 3214.36 1.00

1,us.C 11.39 9362.76 1.00 4,ac.4 0.51 0.59 0.39
2,us.C 5.37 2813.54 1.00 5,ac.4 -0.25 0.66 0.71

4,us.C 0.32 0.75 0.67 1,pca1 0.58 1.62 0.72
5,us.C 0.22 0.81 0.79 2,pca1 -0.40 1.04 0.70

1,us.4 -7.40 15595.33 1.00 4,pca1 0.13 0.16 0.44
2,us.4 -1.35 4160.92 1.00 5,pca1 0.12 0.18 0.51

4,us.4 0.16 0.54 0.77 1,pca2 -2.24 10.02 0.82
5,us.4 0.20 0.63 0.75 2,pca2 0.60 3.56 0.87
1,ae.L -10.16 5562.13 1.00 4,pca2 0.40 1.03 0.70

2,ae.L 11.76 18105.92 1.00 5,pca2 -0.11 1.11 0.92

(a) PA1: Easing                                                 (b) PA1 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.55 
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Table D2. Results of the baseline-category logit modelling for PA2 (Joy). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -26.98 2538.27 0.99 4,ae.L 0.45 1.30 0.73
2,Intercept -40.53 4591.36 0.99 5,ae.L -0.24 1.34 0.86

4,Intercept -1.95 3083.05 1.00 1,ae.Q 10.55 13240.42 1.00
5,Intercept 2.62 1.77 0.14 2,ae.Q -16.67 6129.16 1.00

1,so.L -22.59 10128.80 1.00 4,ae.Q 2.19 1.10 0:05��

2,so.L 6.07 7589.25 1.00 5,ae.Q 3.38 1.16 � 0:01���

4,so.L 13.06 9749.47 1.00 1,ae.C -6.88 6213.71 1.00
5,so.L 0.70 1.03 0.49 2,ae.C -0.82 3626.06 1.00

1,so.Q 13.82 8482.66 1.00 4,ae.C -0.74 0.75 0.32
2,so.Q -6.67 6414.08 1.00 5,ae.C -0.36 0.79 0.65
4,so.Q -9.98 8239.80 1.00 1,ae.4 2.44 7418.16 1.00

5,so.Q 1.05 0.85 0.22 2,ae.4 -3.48 1370.52 1.00
1,so.C -0.48 5380.58 1.00 4,ae.4 0.05 0.48 0.92

2,so.C 5.96 3794.62 1.00 5,ae.4 -0.21 0.56 0.71
4,so.C 5.62 4874.73 1.00 1,ac.L -13.39 8290.16 1.00

5,so.C -0.51 0.71 0.47 2,ac.L 3.82 6606.48 1.00
1,so.4 -6.51 6334.35 1.00 4,ac.L 1.61 0.97 0:10�

2,so.4 -1.14 1434.23 1.00 5,ac.L 2.50 1.27 0:05��

4,so.4 -2.89 1842.48 1.00 1,ac.Q 7.60 14983.42 1.00
5,so.4 -0.30 0.57 0.60 2,ac.Q -12.37 5583.49 1.00

1,us.L 16.80 16493.84 1.00 4,ac.Q -0.63 0.85 0.46
2,us.L 0.07 6413.57 1.00 5,ac.Q -0.84 1.08 0.44

4,us.L 0.68 1.02 0.50 1,ac.C 6.22 4882.73 1.00
5,us.L 0.59 1.06 0.58 2,ac.C -12.16 5541.30 1.00
1,us.Q -13.60 16367.59 1.00 4,ac.C 0.64 0.66 0.33

2,us.Q -16.08 5420.45 1.00 5,ac.C 0.79 0.79 0.32
4,us.Q -0.22 0.85 0.80 1,ac.4 -9.43 17036.68 1.00

5,us.Q 0.99 0.91 0.28 2,ac.4 4.14 3665.45 1.00
1,us.C 11.41 9955.42 1.00 4,ac.4 -0.27 0.51 0.59

2,us.C -2.16 3206.78 1.00 5,ac.4 0.17 0.60 0.78
4,us.C 0.06 0.69 0.93 1,pca1 0.63 1.62 0.70

5,us.C 0.19 0.74 0.80 2,pca1 0.21 0.43 0.63
1,us.4 -8.12 17672.39 1.00 4,pca1 0.20 0.14 0.16
2,us.4 -4.00 1212.05 1.00 5,pca1 0.18 0.17 0.30

4,us.4 0.22 0.52 0.68 1,pca2 -1.84 9.96 0.85
5,us.4 -0.60 0.67 0.37 2,pca2 -7.23 4.83 0.13

1,ae.L -10.64 5667.64 1.00 4,pca2 1.27 0.91 0.16
2,ae.L 0.41 7252.12 1.00 5,pca2 1.75 0.98 0:07�

(a) PA2: Joy                                                 (b) PA2 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.53 
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Table D3. Results of the baseline-category logit modelling for PA3 (Preference). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -13.33 938.87 0.99 4,ae.L 0.22 1.43 0.88

2,Intercept -14.34 1728.99 0.99 5,ae.L -0.97 1.42 0.50
4,Intercept 0.03 1.55 0.98 1,ae.Q 11.47 1538.73 0.99

5,Intercept 0.42 1.74 0.81 2,ae.Q 1.72 1.43 0.23
1,so.L -4.53 639.58 0.99 4,ae.Q 1.33 1.22 0.28
2,so.L 13.67 5467.53 1.00 5,ae.Q 2.82 1.23 0:02��

4,so.L 1.14 1.23 0.36 1,ae.C -1.58 2.46 0.52
5,so.L 0.92 1.45 0.53 2,ae.C -0.67 1.16 0.56

1,so.Q 7.64 540.55 0.99 4,ae.C 0.16 0.80 0.84
2,so.Q -9.67 4620.91 1.00 5,ae.C -0.45 0.86 0.60

4,so.Q -0.01 1.01 0.99 1,ae.4 -10.41 2064.42 1.00
5,so.Q 1.31 1.18 0.27 2,ae.4 1.22 0.78 0.11

1,so.C 9.35 1279.16 0.99 4,ae.4 -0.16 0.49 0.75
2,so.C 6.29 2733.77 1.00 5,ae.4 0.30 0.58 0.60
4,so.C -1.51 0.75 0:04�� 1,ac.L -7.41 721.17 0.99

5,so.C -1.36 0.90 0.13 2,ac.L -1.76 1.62 0.28
1,so.4 6.50 966.95 0.99 4,ac.L 0.64 1.06 0.55

2,so.4 -2.80 1033.27 1.00 5,ac.L 1.04 1.40 0.46
4,so.4 0.05 0.50 0.93 1,ac.Q 4.89 609.50 0.99

5,so.4 0.24 0.63 0.70 2,ac.Q -0.41 1.46 0.78
1,us.L -4.00 667.69 1.00 4,ac.Q 0.57 0.91 0.53
2,us.L -1.02 1.49 0.49 5,ac.Q 0.22 1.17 0.85

4,us.L -0.11 0.95 0.91 1,ac.C 11.76 1442.34 0.99
5,us.L 1.16 1.69 0.49 2,ac.C 0.24 1.12 0.83

1,us.Q 0.10 564.30 1.00 4,ac.C 0.12 0.69 0.86
2,us.Q -0.80 1.31 0.54 5,ac.C 1.00 0.85 0.24

4,us.Q -0.54 0.76 0.48 1,ac.4 6.13 1090.31 1.00
5,us.Q -1.44 1.40 0.31 2,ac.4 -0.09 0.77 0.91
1,us.C 12.01 1335.37 0.99 4,ac.4 0.02 0.52 0.97

2,us.C 0.50 1.10 0.65 5,ac.4 -0.20 0.62 0.74
4,us.C 1.54 0.67 0:02�� 1,pca1 0.16 0.49 0.75

5,us.C 1.76 1.02 0:08� 2,pca1 0.36 0.27 0.17
1,us.4 8.30 1009.44 0.99 4,pca1 0.48 0.20 � 0:01���

2,us.4 -0.37 0.80 0.64 5,pca1 0.31 0.22 0.16
4,us.4 -1.22 0.54 0:02�� 1,pca2 0.71 3.09 0.82

5,us.4 -1.24 0.73 0:09� 2,pca2 -4.66 2.47 0:06�

1,ae.L -1.27 1.98 0.52 4,pca2 0.60 0.84 0.47
2,ae.L -0.07 1.73 0.97 5,pca2 0.82 0.94 0.39

(a) PA3: Preference                                   (b) PA3 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.42 
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Table D4. Results of the baseline-category logit modelling for PI1 (Personification). The prefixes 1 to 
5 correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept 0.78 3.48 0.82 4,ae.L -9.73 2380.63 1.00
2,Intercept -12.50 1467.93 0.99 5,ae.L 33.97 5792.73 1.00

4,Intercept 0.77 1.54 0.62 1,ae.Q 9.35 2012.00 1.00
5,Intercept -2.31 1397.91 1.00 2,ae.Q 15.52 2327.71 0.99

1,so.L 19.62 3476.59 1.00 4,ae.Q 8.91 2012.00 1.00
2,so.L -49.25 5591.13 0.99 5,ae.Q -27.02 4895.75 1.00

4,so.L 22.23 3476.59 0.99 1,ae.C -4.75 1190.32 1.00
5,so.L -20.11 3955.71 1.00 2,ae.C -8.57 1377.09 1.00

1,so.Q -15.29 2938.26 1.00 4,ae.C -4.53 1190.32 1.00
2,so.Q 11.76 4725.37 1.00 5,ae.C 17.49 2896.37 1.00
4,so.Q -16.96 2938.26 1.00 1,ae.4 1.21 449.90 1.00

5,so.Q 18.88 3343.18 1.00 2,ae.4 3.10 520.49 1.00
1,so.C 11.35 1738.30 0.99 4,ae.4 1.20 449.90 1.00

2,so.C -24.75 2795.56 0.99 5,ae.4 -6.79 1094.72 1.00
4,so.C 9.65 1738.30 1.00 1,ac.L -9.92 2533.63 1.00

5,so.C -11.49 1977.85 1.00 2,ac.L 28.25 40996.83 1.00
1,so.4 -3.92 657.01 1.00 4,ac.L -10.84 2533.63 1.00
2,so.4 2.86 1056.62 1.00 5,ac.L -10.69 2533.63 1.00

4,so.4 -4.18 657.01 0.99 1,ac.Q 8.87 2141.31 1.00
5,so.4 4.47 747.56 1.00 2,ac.Q -23.49 34648.65 1.00

1,us.L -1.80 2.23 0.42 4,ac.Q 9.86 2141.31 1.00
2,us.L 33.01 40837.20 1.00 5,ac.Q 10.19 2141.31 1.00

4,us.L 0.04 0.98 0.97 1,ac.C -4.91 1266.81 1.00
5,us.L 9.64 2837.71 1.00 2,ac.C 13.37 20498.42 1.00
1,us.Q -0.58 1.77 0.74 4,ac.C -6.24 1266.81 1.00

2,us.Q -28.37 34513.73 1.00 5,ac.C -5.91 1266.81 1.00
4,us.Q 0.49 0.81 0.54 1,ac.4 1.47 478.81 1.00

5,us.Q -8.19 2398.30 1.00 2,ac.4 -4.35 7747.67 1.00
1,us.C -1.14 1.39 0.41 4,ac.4 2.54 478.81 1.00

2,us.C 16.61 20418.60 1.00 5,ac.4 3.31 478.81 0.99
4,us.C 0.25 0.67 0.71 1,pca1 -2.40 1.47 0:10�

5,us.C 5.41 1418.85 1.00 2,pca1 0.08 0.20 0.69
1,us.4 0.87 1.10 0.43 4,pca1 0.37 0.16 0:02��

2,us.4 -6.29 7717.51 1.00 5,pca1 0.25 0.18 0.16

4,us.4 -0.93 0.58 0.11 1,pca2 -1.71 2.17 0.43
5,us.4 -2.44 536.28 1.00 2,pca2 -1.17 1.42 0.41

1,ae.L -10.77 2380.63 1.00 4,pca2 1.23 0.82 0.13
2,ae.L -20.10 2754.18 0.99 5,pca2 1.58 0.99 0.11

(a) PI1: Personification                                          (b) PI1 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.41 
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Table D5. Results of the baseline-category logit modelling for PI2 (Oneself). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -25.09 1572.83 0.99 4,ae.L -12.01 4473.51 1.00
2,Intercept -4.78 2619.48 1.00 5,ae.L 23.81 8506.49 1.00

4,Intercept -0.75 2979.56 1.00 1,ae.Q 3.84 4916.25 1.00
5,Intercept -0.96 2225.05 1.00 2,ae.Q -17.18 27587.52 1.00

1,so.L 14.28 4473.52 1.00 4,ae.Q 11.09 3780.81 1.00
2,so.L -34.02 9241.27 1.00 5,ae.Q -19.03 7189.30 1.00

4,so.L 24.52 10430.24 1.00 1,ae.C -14.59 2908.49 1.00
5,so.L -21.83 6930.19 1.00 2,ae.C 0.22 15979.29 1.00

1,so.Q 4.91 4598.08 1.00 4,ae.C -5.35 2236.76 1.00
2,so.Q 29.06 7810.30 1.00 5,ae.C 12.92 4253.25 1.00
4,so.Q -20.06 8815.16 1.00 1,ae.4 2.34 1099.31 1.00

5,so.Q 20.52 5857.08 1.00 2,ae.4 -3.66 6168.76 1.00
1,so.C 5.32 2236.76 1.00 4,ae.4 2.07 845.41 1.00

2,so.C -17.11 4620.63 1.00 5,ae.4 -5.14 1607.58 1.00
4,so.C 10.80 5215.12 1.00 1,ac.L -12.68 3198.24 1.00

5,so.C -13.03 3465.09 1.00 2,ac.L 14.13 23507.79 1.00
1,so.4 -15.91 3611.21 1.00 4,ac.L 0.98 1.04 0.34
2,so.4 7.46 1746.44 1.00 5,ac.L 0.68 1.06 0.52

4,so.4 -4.30 1971.13 1.00 1,ac.Q -10.40 2703.02 1.00
5,so.4 4.89 1309.68 1.00 2,ac.Q -11.34 19867.71 1.00

1,us.L -15.34 3435.29 1.00 4,ac.Q 0.44 0.89 0.62
2,us.L 21.96 21491.72 1.00 5,ac.Q 0.54 0.93 0.56

4,us.L 0.57 0.96 0.56 1,ac.C 11.12 3443.38 1.00
5,us.L 11.24 5017.50 1.00 2,ac.C 5.63 11753.90 1.00
1,us.Q -6.79 2903.40 1.00 4,ac.C -0.07 0.69 0.92

2,us.Q -19.90 18163.82 1.00 5,ac.C -0.64 0.78 0.41
4,us.Q 0.40 0.77 0.61 1,ac.4 5.91 2139.28 1.00

5,us.Q -8.37 4240.56 1.00 2,ac.4 -1.43 4442.56 1.00
1,us.C -5.36 1717.65 1.00 4,ac.4 0.71 0.53 0.18

2,us.C 11.39 10745.86 1.00 5,ac.4 1.10 0.62 0:08�
4,us.C 0.09 0.68 0.90 1,pca1 -0.36 1.11 0.75

5,us.C 6.34 2508.75 1.00 2,pca1 -0.03 0.21 0.88
1,us.4 -3.50 649.23 1.00 4,pca1 0.11 0.14 0.42
2,us.4 -5.09 4061.55 1.00 5,pca1 0.06 0.16 0.70

4,us.4 -0.53 0.55 0.33 1,pca2 -3.40 5.20 0.51
5,us.4 -3.12 948.22 1.00 2,pca2 2.06 1.40 0.14

1,ae.L -27.11 5816.98 1.00 4,pca2 2.00 0.90 0:03��

2,ae.L -2.96 31958.58 1.00 5,pca2 2.02 0.98 0:04��

(a) PI2: Oneself                                   (b) PI2 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.45 
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Table D6. Results of the baseline-category logit modelling for PI3 (Materialisation). The prefixes 1 to 
5 correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -17.40 1058.84 0.99 4,ae.L 0.00 1.28 1.00
2,Intercept -8.68 1811.93 1.00 5,ae.L 11.12 4206.98 1.00

4,Intercept 3.11 1.57 0:05�� 1,ae.Q 10.72 1452.94 0.99
5,Intercept -3.77 2241.51 1.00 2,ae.Q 0.81 1.54 0.60

1,so.L -2.94 620.98 1.00 4,ae.Q 1.56 1.11 0.16
2,so.L -12.65 4829.90 1.00 5,ae.Q -7.21 3555.55 1.00

4,so.L 1.05 1.33 0.43 1,ae.C 0.16 2.76 0.95
5,so.L 1.33 6592.13 1.00 2,ae.C -0.60 1.07 0.57

1,so.Q 15.70 1533.85 0.99 4,ae.C 0.17 0.75 0.82
2,so.Q 10.10 4082.01 1.00 5,ae.C 6.12 2103.49 1.00
4,so.Q 0.45 1.08 0.68 1,ae.4 -10.31 1949.33 1.00

5,so.Q 0.86 5571.37 1.00 2,ae.4 -0.47 0.67 0.48
1,so.C 8.69 1241.94 0.99 4,ae.4 -0.95 0.50 0:06�

2,so.C -5.59 2414.95 1.00 5,ae.4 -2.99 795.04 1.00
4,so.C -0.58 0.76 0.44 1,ac.L -7.06 719.27 0.99

5,so.C -0.87 3296.06 1.00 2,ac.L 10.13 4189.61 1.00
1,so.4 -4.39 2149.52 1.00 4,ac.L 1.07 1.05 0.31
2,so.4 2.62 912.77 1.00 5,ac.L 0.21 1.01 0.84

4,so.4 0.01 0.51 0.98 1,ac.Q 3.58 607.89 1.00
5,so.4 0.52 1245.80 1.00 2,ac.Q -9.24 3540.86 1.00

1,us.L -6.02 658.69 0.99 4,ac.Q -0.45 0.89 0.62
2,us.L 21.66 6213.39 1.00 5,ac.Q 0.15 0.89 0.87

4,us.L -0.45 0.90 0.62 1,ac.C 9.31 1438.53 0.99
5,us.L 11.19 4998.06 1.00 2,ac.C 4.93 2094.80 1.00
1,us.Q 1.74 556.69 1.00 4,ac.C -0.30 0.67 0.65

2,us.Q -18.47 5251.27 1.00 5,ac.C -0.38 0.73 0.60
4,us.Q 0.76 0.72 0.29 1,ac.4 8.35 1087.43 0.99

5,us.Q -8.64 4224.14 1.00 2,ac.4 -0.95 791.76 1.00
1,us.C 12.01 1317.36 0.99 4,ac.4 1.11 0.54 0:04��

2,us.C 10.79 3106.69 1.00 5,ac.4 1.09 0.64 0:09�

4,us.C 0.42 0.61 0.49 1,pca1 0.10 0.89 0.91

5,us.C 6.22 2499.03 1.00 2,pca1 -0.22 0.24 0.35
1,us.4 7.36 995.83 0.99 4,pca1 0.14 0.13 0.30
2,us.4 -3.56 1174.22 1.00 5,pca1 -0.09 0.18 0.59

4,us.4 -0.67 0.53 0.21 1,pca2 -0.31 4.03 0.94
5,us.4 -2.26 944.55 1.00 2,pca2 -1.21 1.59 0.45

1,ae.L -1.26 1.91 0.51 4,pca2 1.90 0.85 0:03��

2,ae.L -1.48 1.79 0.41 5,pca2 1.87 0.96 0:05��

(a) PI3: Materialisation                                   (b) PI3 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.42 
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Table D7. Results of the baseline-category logit modelling for PD1 (Suitability). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -74.30 2540.09 0.98 4,ae.L 0.43 1.01 0.67

2,Intercept -17.14 5684.02 1.00 5,ae.L -0.38 1.18 0.75
4,Intercept 1.38 1.30 0.29 1,ae.Q 8.03 7644.53 1.00

5,Intercept -10.82 6250.56 1.00 2,ae.Q -9.54 8231.99 1.00
1,so.L -12.43 4074.59 1.00 4,ae.Q 0.29 0.86 0.73

2,so.L 14.25 11822.97 1.00 5,ae.Q 1.07 1.03 0.30
4,so.L -0.13 0.96 0.89 1,ae.C -15.91 4167.97 1.00
5,so.L 12.67 13040.59 1.00 2,ae.C 3.89 4870.11 1.00

1,so.Q 3.05 3443.65 1.00 4,ae.C -0.36 0.61 0.56
2,so.Q -10.04 9992.24 1.00 5,ae.C -0.18 0.78 0.82

4,so.Q 0.31 0.76 0.69 1,ae.4 -15.04 4337.82 1.00
5,so.Q -9.10 11021.31 1.00 2,ae.4 0.36 1840.73 1.00

1,so.C 28.61 8149.17 1.00 4,ae.4 0.00 0.44 1.00
2,so.C 8.31 5911.49 1.00 5,ae.4 0.07 0.59 0.91
4,so.C -0.14 0.59 0.81 1,ac.L -17.38 8106.26 1.00

5,so.C 5.53 6520.30 1.00 2,ac.L 9.56 9403.52 1.00
1,so.4 15.87 6160.19 1.00 4,ac.L 0.45 0.78 0.57

2,so.4 -1.82 2234.33 1.00 5,ac.L 12.35 10818.48 1.00
4,so.4 0.03 0.44 0.94 1,ac.Q 15.44 7374.48 1.00

5,so.4 -2.43 2464.44 1.00 2,ac.Q -10.97 7947.43 1.00
1,us.L 7.22 7964.20 1.00 4,ac.Q 0.03 0.67 0.96
2,us.L -1.75 1.24 0.16 5,ac.Q -10.56 9143.28 1.00

4,us.L 0.28 0.90 0.76 1,ac.C 7.12 4196.03 1.00
5,us.L 12.22 10178.41 1.00 2,ac.C 7.49 4701.76 1.00

1,us.Q -0.57 7452.74 1.00 4,ac.C -0.11 0.57 0.85
2,us.Q 1.14 1.04 0.27 5,ac.C 6.47 5409.24 1.00

4,us.Q 0.65 0.74 0.38 1,ac.4 -19.47 4291.31 1.00
5,us.Q -8.81 8602.33 1.00 2,ac.4 -2.52 1777.10 1.00

1,us.C -15.57 4133.15 1.00 4,ac.4 0.02 0.48 0.96
2,us.C -0.58 0.88 0.51 5,ac.4 -2.09 2044.50 1.00
4,us.C 0.09 0.60 0.88 1,pca1 2.27 1.35 0:09�

5,us.C 5.71 5089.21 1.00 2,pca1 0.09 0.22 0.69
1,us.4 -39.28 3972.79 0.99 4,pca1 0.18 0.12 0.16

2,us.4 -0.57 0.76 0.45 5,pca1 -0.04 0.19 0.82
4,us.4 -0.05 0.48 0.92 1,pca2 -14.65 8.34 0:08�

5,us.4 -1.66 1923.54 1.00 2,pca2 -2.24 2.13 0.29
1,ae.L -34.57 8335.93 1.00 4,pca2 1.04 0.72 0.15
2,ae.L 11.31 9740.22 1.00 5,pca2 0.61 0.92 0.51

(a) PD1: Suitability                                   (b) PD1 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.42 
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Table D8. Results of the baseline-category logit modelling for PD2 (Uniqueness). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -6.44 3.33 0:05�� 4,ae.L 12.47 1105.08 0.99
2,Intercept -10.58 523.49 0.98 5,ae.L -0.84 1.16 0.47

4,Intercept -4.24 349.46 0.99 1,ae.Q -0.95 1.55 0.54
5,Intercept -2.00 1.92 0.30 2,ae.Q -7.27 801.20 0.99

1,so.L 0.46 1.27 0.72 4,ae.Q -9.42 933.96 0.99
2,so.L 9.07 1045.25 0.99 5,ae.Q 1.24 1.01 0.22

4,so.L 0.03 1.21 0.98 1,ae.C -1.90 1.25 0.13
5,so.L 0.48 1.45 0.74 2,ae.C 4.15 473.99 0.99

1,so.Q 0.16 1.12 0.89 4,ae.C 5.84 552.54 0.99
2,so.Q -6.66 883.40 0.99 5,ae.C -0.43 0.88 0.62
4,so.Q 0.32 1.00 0.75 1,ae.4 0.44 0.81 0.59

5,so.Q 1.87 1.22 0.13 2,ae.4 -1.99 179.15 0.99
1,so.C 1.46 0.96 0.13 4,ae.4 -3.00 208.84 0.99

2,so.C 3.28 522.63 0.99 5,ae.4 0.35 0.67 0.60
4,so.C -0.72 0.77 0.35 1,ac.L -0.61 1.73 0.73

5,so.C -1.29 1.07 0.23 2,ac.L -1.11 1.09 0.31
1,so.4 -0.67 0.78 0.39 4,ac.L -0.23 1.12 0.84
2,so.4 -1.73 197.53 0.99 5,ac.L -0.31 1.74 0.86

4,so.4 -0.41 0.54 0.44 1,ac.Q -0.32 1.54 0.84
5,so.4 -0.21 0.83 0.80 2,ac.Q 0.69 0.93 0.46

1,us.L -2.32 1.29 0:07� 4,ac.Q 0.58 0.96 0.54
2,us.L 6.96 865.53 0.99 5,ac.Q -0.94 1.48 0.52

4,us.L -1.16 1.12 0.30 1,ac.C 1.25 1.16 0.28
5,us.L 0.43 1.97 0.83 2,ac.C -0.21 0.71 0.76
1,us.Q 1.45 1.06 0.17 4,ac.C -0.91 0.80 0.25

2,us.Q -7.79 731.50 0.99 5,ac.C 0.58 1.05 0.58
4,us.Q 1.72 0.91 0:06� 1,ac.4 -0.40 0.92 0.66

5,us.Q 0.24 1.67 0.89 2,ac.4 0.81 0.54 0.13
1,us.C -0.50 0.91 0.58 4,ac.4 1.17 0.60 0:05��

2,us.C 5.00 432.76 0.99 5,ac.4 0.55 0.72 0.44
4,us.C -1.13 0.90 0.21 1,pca1 0.05 0.22 0.81

5,us.C 1.71 1.22 0.16 2,pca1 0.02 0.15 0.89
1,us.4 0.68 0.86 0.43 4,pca1 0.10 0.13 0.44
2,us.4 -2.04 163.57 0.99 5,pca1 0.02 0.19 0.90

4,us.4 0.51 0.70 0.46 1,pca2 -2.62 1.74 0.13
5,us.4 -0.77 0.94 0.41 2,pca2 -1.29 0.92 0.16

1,ae.L 0.33 1.79 0.86 4,pca2 -0.13 0.76 0.86
2,ae.L 9.57 947.99 0.99 5,pca2 -0.43 1.03 0.68

(a) PD2: Uniqueness                                   (b) PD2 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.27 
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Table D9. Results of the baseline-category logit modelling for PD3 (Affordance). The prefixes 1 to 5 
correspond to the respective Likert levels of the variable.

IV βp SE p̂ IV βp SE p̂

1,Intercept -31.49 752.24 0.97 4,ae.L -0.37 1.04 0.72
2,Intercept -20.25 2519.23 0.99 5,ae.L 0.27 1.21 0.82

4,Intercept 1.17 1.47 0.43 1,ae.Q -7.20 1114.20 0.99
5,Intercept -0.43 1.77 0.81 2,ae.Q -9.67 3467.52 1.00

1,so.L -5.52 664.98 0.99 4,ae.Q -0.20 0.87 0.82
2,so.L 7.83 4248.48 1.00 5,ae.Q 0.49 1.06 0.64

4,so.L 0.69 1.11 0.54 1,ae.C -7.11 659.11 0.99
5,so.L -0.24 1.23 0.84 2,ae.C 3.99 2051.41 1.00

1,so.Q 4.05 562.02 0.99 4,ae.C -0.62 0.62 0.32
2,so.Q -7.07 3590.62 1.00 5,ae.C -0.46 0.79 0.56
4,so.Q 0.21 0.90 0.82 1,ae.4 1.86 249.15 0.99

5,so.Q 0.75 1.01 0.46 2,ae.4 -0.55 775.36 1.00
1,so.C 13.26 1329.96 0.99 4,ae.4 0.33 0.47 0.47

2,so.C 4.73 2124.24 1.00 5,ae.4 0.11 0.61 0.86
4,so.C -0.53 0.71 0.45 1,ac.L -14.22 1004.21 0.99

5,so.C -0.26 0.78 0.74 2,ac.L 9.16 3884.33 1.00
1,so.4 4.54 1005.36 1.00 4,ac.L -0.09 0.96 0.92
2,so.4 -2.14 802.89 1.00 5,ac.L 0.00 1.25 1.00

4,so.4 0.31 0.51 0.54 1,ac.Q -4.77 848.71 1.00
5,so.4 -0.64 0.60 0.28 2,ac.Q -7.87 3282.86 1.00

1,us.L -11.81 1070.66 0.99 4,ac.Q 0.77 0.80 0.33
2,us.L 10.29 3673.47 1.00 5,ac.Q -0.13 1.06 0.90

4,us.L 1.27 0.91 0.16 1,ac.C -5.32 502.11 0.99
5,us.L 1.82 1.31 0.17 2,ac.C 5.65 1942.17 1.00
1,us.Q -10.28 904.90 0.99 4,ac.C 0.45 0.64 0.48

2,us.Q -8.87 3104.65 1.00 5,ac.C 0.22 0.79 0.78
4,us.Q -0.05 0.73 0.94 1,ac.4 -3.18 189.79 0.99

5,us.Q 0.37 1.11 0.74 2,ac.4 -1.98 734.07 1.00
1,us.C -5.63 535.33 0.99 4,ac.4 0.08 0.50 0.88

2,us.C 6.68 1836.74 1.00 5,ac.4 -0.01 0.60 0.99
4,us.C 0.22 0.66 0.73 1,pca1 1.18 0.57 0:04��

5,us.C 0.91 0.89 0.31 2,pca1 -0.18 0.37 0.64
1,us.4 -4.56 202.36 0.98 4,pca1 0.21 0.15 0.16
2,us.4 -2.25 694.22 1.00 5,pca1 -0.19 0.23 0.40

4,us.4 -0.13 0.52 0.80 1,pca2 -6.98 5.71 0.22
5,us.4 -0.09 0.69 0.89 2,pca2 -4.11 2.25 0:07�

1,ae.L -7.45 1318.22 1.00 4,pca2 0.93 0.81 0.25
2,ae.L 9.79 4102.82 1.00 5,pca2 -0.29 0.95 0.76

(a) PD3: Affordance                                   (b) PD3 (continued) 

Hosmer–Lemeshow: χ2
32 � 100; p � 0:01 

Nagelkerke R2 = 0.42 
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