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A B S T R A C T

In everyday communications, people talk about space by referring to
places. While the common sense notion of place is understandable to
humans, formalising place in a computational model remains a
challenging issue. The strong context dependency, diverse
metaphorical uses, indeterminacy of boundaries, and vernacular
reference use are major challenges in making place knowledge
digestible for computers. This research aims to utilise domain
knowledge to study place-related questions and their corresponding
answers, and to develop models and methods to answer the
questions.

In the context of place-related question answering, this study
investigates what people expect from computers to understand
about places, and how these place-related questions are answered in
human-generated responses. First, a place model is designed for the
question answering purpose using the collective domain knowledge
extracted from literature. Later, the model is used to characterize the
platial information in place-related questions and their
human-generated answers. In the next step, the natural language
questions are translated to GeoSPARQL queries to enable the spatial
analysis for answering place-related questions. Finally, templates for
answering where-questions are proposed to generate relevant
responses similar to human-generated answers.

The results of this study show that domain knowledge can be used
to improve current methods of place-related question answering.
Using domain knowledge, an encoding method is devised that can
characterise large question answering corpora with minimal
supervision. The encoding results are used to identify descriptive
patterns inside the questions and answers.

In the next step, a novel approach is designed using domain
knowledge and object-based conceptualization of place to translate
natural language questions to GeoSPARQL queries. The novelty of
the approach is mainly to (1) use domain knowledge and avoid
reinventing new terms, and (2) utilise First Order Logic (FOL)
statements as the intermediate representation which can be later
translated not only to GeoSPARQL but any other formal query
languages with minimal efforts. The method is tested using the
Geospatial Gold Standard dataset, and the results show significant
improvements in extracting information and translating questions to
queries in comparison to the state-of-the-art approaches.

Finally, the relevance of answers to where-questions is
investigated using templates of generic information (i.e., type, scale
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and prominence). The results show that generic representations can
be used to characterise answers in a few frequent patterns and also
to study relevance of answers to the questions. Moreover, the
extracted knowledge can be captured using sequence prediction
methods in a machine digestible manner. The results of this study
can be used to test the relevance of machine-generated responses or
to generate automatic responses similar to human-generated
answers.

Overall, this thesis contributes to the domain of geographic
question answering with a focus on geographic places. The results of
this study can be used in question answering systems to analyse and
classify the questions, generate queries and formulate relevant
responses. The results of this study show the importance of domain
knowledge in improving the performance of existing question
answering systems, and also provide useful insights about human
answering behaviour.
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1
I N T R O D U C T I O N

1.1 background and motivation

In everyday communications, people talk about space by referring to
places (Vasardani and Winter, 2016). While the common sense notion
of place is understandable to humans (Cresswell, 2004; Purves,
Winter, and Kuhn, 2019), formalising place in a computational model
remains a challenging issue (Blaschke et al., 2018; Sui and Goodchild,
2011). The strong context dependency (Winter and Freksa, 2012) and
cultural dependency of place (Ballatore, 2016), diverse metaphorical
uses of place names (Agnew, 2011), indeterminacy of boundaries
(Montello et al., 2003), and complex and vernacular reference use
(Hollenstein and Purves, 2010) are just a few examples of the
challenges in making place knowledge digestible for computers.
Consequently, the current computational models for capturing
human place knowledge (e.g., gazetteers) are limited to a simplistic
view on the elusive concept of place (Adams, 2015).

Based on the core concepts of spatial information (Kuhn, 2012),
places are conceptualised as spatial objects in information systems
(Purves, Winter, and Kuhn, 2019). However, a computational model
of place which can bridge the gap between human place knowledge
and spatial information stored in computers is still an open topic in
Geographic Information Science (GIScience) (Blaschke et al., 2018).
Such a computational model is hypothesised to support Human
Computer Interaction (HCI) and facilitate the communication
between people and computers about places. Modelling place is thus
a crucial step in different HCI scenarios such as Question
Answering (QA) (Li and Roth, 2006), and Information Retrieval (IR)
(Cheema, Zhang, and Chang, 2016; Sanderson and Kohler, 2004).

Due to the complexity of modelling places, narrowing down the
scope to a specific scenario (e.g., QA) is essential to make the
modelling feasible (Goodchild and Li, 2012). Hence, this PhD
research confines its investigation to place-related question answering
to study the notion of place using questions and answers about
geographic places. Moreover, this work is focused on English-language
questions and answers.

The static context of communication in QA compared to the
dynamically established context in human-computer dialogue helps
to focus on the domain (i.e., place modelling) and to skip dealing
with unwanted complexity of HCI scenarios. Yet, questions and
answers are basic constructs of dialogues (Varges, Weng, and

1
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Pon-Barry, 2006) and consequently a place model for QA is expected
to be applicable to responses in dialogue systems. Narrowing down
the scope to geographic places allows to avoid dealing with special
characteristics of virtual (e.g., a chat room) and mystic (e.g., Heaven)
places. The pragmatic importance of geographic places compared to
the other kinds in real-world place-related Web search and question
answering satisfies this narrower scope (Hamzei et al., 2020).

Several obstacles have to be addressed to bridge the gap between
human place knowledge and the computer models in the question
answering scenario.

• First, a detailed analysis of place references is required to
characterize and capture information inside place-related
questions and their answers.

• Next, a representative classification of place-related questions is
required to design a place-related question answering system.

• Formalising questions is another crucial step since without such
formalisation computers are not able to retrieve or generate the
answers.

• Finally, generating useful responses (i.e., in the same quality to
human-generated answers) to place-related questions is a
necessary step to bridge the gap.

The analysis of place references in natural language is not only a
fundamental step toward place-related question answering but also
can be used in different applications such as Geographic
Information Retrieval (GIR) (Scheider and Purves, 2013). The
classification of place-related questions is crucial to find out what
people expect of computers in terms of storing and analyzing place
knowledge (Henrich and Luedecke, 2007). The formalisation of
place-related questions enables the usage of knowledge bases and
databases in answering the questions (Punjani et al., 2018). Without
such formalisation, the answering process is restricted to retrieving
information from textual documents.

Analysing the human-generated answers is a step toward
intelligent place-related question answering. Winter (2009) defined
spatial intelligence based on the landmark paper of Turing (1950),
Computing Machinery and Intelligence. The intelligence of a machine is
defined through the machine’s communication behaviour. More
specifically, intelligence is achieved when people cannot differentiate
whether they are communicating with a machine or a human
(Turing, 1950). The key to such intelligence communication is to
enable machines to imitate human answering behaviour (Winter,
2009). Consequently, analysing human-generated answers to
place-related questions is the first step toward a natural and
successful communication between people and computers.
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Place-related question answering enables a natural
communication between humans and computers about geographic
places. This will directly impact different applications defined
through the communication of people and machines. Web search
would benefit the most through enabling place-related question
answering. As Ed Parsons, Geospatial Chief Technologist of Google,
indicated, “about 1 in 3 of queries that people just type into a
standard Google search bar are about places”1. Enabling a natural
communication about places in Web search would results into
finding answers directly instead of searching, selecting documents,
skimming and exploring paragraphs to hopefully find the answers.
The application is not bound to place-related Web search, it can be
used in any communication between people and machine where
place plays a role. The intelligent assistants in smart phones, smart
cars and smart houses are just examples of current technologies
which would benefits from progress in place-related question
answering.

1.2 towards place-related question answering

The question “Where can I exercise during COVID-19?" is a typical
example of a place-related question aiming to find a suitable (i.e., in
this case, ‘safe’) place for an activity. To show how current
computing systems deal with such questions, let us explore the
response to this question from Google Search Engine2 (for a user in
Melbourne, Australia in 2020).

Figure 1 shows the results of submitting this question to Google.
The top results are Web pages about rules, regulations and advice
(based on the user’s location, Australia) related to the intended
activity during the event. While the system makes use of the user’s
location to retrieve geographically relevant documents, the answer
cannot be found there. Let us explore the example to find out the
reasons behind the failure in this communication between the user
and the system.

First, the system is unable to capture the intent of the question.
The intent of this where-question is to find out the location of places
which are safe for exercise during the pandemic. Consequently, if the
system could recognise the intent, the response should be either a
map or a place description of such places. Here, the important word
in the question which is not considered is ‘where’.

Next, the system fails in applying a proper reasoning over the
place reference – i.e., a safe place to exercise during COVID-19 near to
the user. This is the result of modelling the place-related question
without carefully analysing and reasoning over its content. Based on

1 http://youtu.be/ucYiMBfyNfo

2 http://www.google.com

http://youtu.be/ucYiMBfyNfo
http://www.google.com
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Figure 1: A question and the response from Google Search (accessed
13/07/2020)

the top-rank results, the words ‘exercise’ and ‘COVID-19’ are biasing
the system to retrieve Web pages about (1) health guidance during
the pandemic and (2) current situations in suburban areas. Without
linking ‘exercise’ and ‘COVID-19’ to ‘where’, the system fails to
interpret that these words are part of a reference to some geographic
places.

Considering the top-rank results, the system was only able to use
the indexed Web documents to provide a response to the inquirer.
The structured geographic information (in the Google Map database
and third party knowledge bases) is completely neglected during the
answering process. This is where the lack of proper formalisation of
the question leads to irrelevant responses. The formalised version of
the question could be used to retrieve information from structured
databases or semi-structured knowledge-bases.

Finally, the presentation of the response is not suitable for this
question. Even if the documents were relevant to the question, the
user still has to read, interpret, combine and assess the documents to
find an answer. A proper answering method could save the user’s
time by extracting or even generating (i.e., combining relevant
information units from different sources) a relevant response. For
this question, such a response could be a map or a place description
of relevant places.
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1.3 research objectives and hypothesis

The overall hypothesis of this thesis is that an analysis of specific (e.g.,
toponyms) and generic (e.g., place types) references to geographic
places can be used to characterise and imitate human answering
behavior to place-related questions. Here, the overall objective is to
propose models and methods suitable for characterising,
formalising and answering place-related questions. In this thesis,
place-related question answering is investigated in four stages. In
what follows, each stage is briefly described based on the
corresponding, hypothesis, objective and research questions, and
linked to the structure of the thesis.

1. A multi-faceted model of place (Chapter 3): The hypothesis is
that a multi-faceted model of place can be derived by
categorisation of extracted place properties from a systematic
literature review. Here, the objective is to collect place
properties which are described in the literature and to
categorise the collected properties into a multi-faceted model.
This model is the foundation of the subsequent stages. In
addition, it can be used in other place-related applications –
i.e., not only for the question answering scenario. To test this
hypothesis, the following research questions are addressed:

(a) How can the place-related properties be extracted and
systematized from an interdisciplinary review?

(b) How can the extracted place-related properties be
categorized to derive a multi-faceted model of place?

2. Classification of place-related questions (Chapter 4): The
hypothesis of this study is that place-related questions can be
classified using structural patterns derived through Natural
Language Processing (NLP) and information extraction in a
bottom-up approach, or can be derived from a theoretical
conceptualisation of place in information system in a
top-down approach. Classifying place-related questions using
both top-down and bottom-up approaches is the goal of this
study. The top-down approach is theoretically grounded on the
object-based conceptualisation of place in information systems
(Purves, Winter, and Kuhn, 2019). Here, the multi-faceted
model of place is used to derive the classification of
place-related questions. In the bottom-up approach, the
Microsoft Machine Comprehension (MS MARCO) dataset
(Nguyen et al., 2016) is analysed to derive classification of
place-related questions based on structural patterns. The
following research questions are investigated to achieve the
goal:
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(a) How can the structural patterns from place-related
questions be extracted from MS MARCO dataset?

(b) What are the frequent structural patterns in place-related
questions?

(c) How can the question templates be derived using the
multi-faceted model of place?

3. Formalising place-related questions (Chapter 5): The
hypothesis is that formal query representations of
place-related questions can be derived from a pipeline
process of information extraction, textual parsing and
template-based query generation. Here, the objective is to
translate natural language (NL) place-related questions to a
formal computer-interpretable query language. The target
query language is GeoSPARQL (Perry and Herring, 2012)
developed by Open Geospatial Consortium3 as an standard
formal language to retrieve geospatial data from linked data
knowledge bases and the Semantic Web. To test the hypothesis,
the following research questions are addressed:

(a) How can the intent of questions be identified using NL

parsing methods?

(b) How can a geographic parser be designed to translate NL

place-related questions to the intermediate representation?

(c) How can the syntactically and semantically correct
GeoSPARQL queries be formulated based on the parsing
results?

4. Answering place-related questions (Chapter 6): This study
focuses on characterising human-generated answers to
place-related questions, specifically where-questions. This study
hypothesizes that generic information can be used to
characterize human answering behavior and ultimately to
generate templates for answering where-questions. The
objective is to study and imitate human answering behaviour
to where-question using generic representation (e.g., place
types) of geographic places. The following research questions
are investigated to test this hypothesis:

(a) How can the characterizing patterns of the
human-generated answers to where-questions be derived
from a large question answering corpus?

(b) How does generic geographic information in
where-questions relate to the generic information in their
human-generated answers?

3 http://www.ogc.org/

http://www.ogc.org/
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Figure 2: Logical flow of the main contributions

(c) How can the structure of human-generated responses to
where-questions be imitated automatically?

All the aforementioned research questions correspond to the
overall research topic – i.e., place-related question answering. To
successfully communicate about geographic places, computers
should be able to interpret and formalise the questions, and
ultimately be able generate relevant responses. This thesis makes a
step forward in analysing and formalising place-related question
using the multi-faceted model of place. Finally, the special case of
answering where-questions is thoroughly investigated to imitate
human answering behaviour.

1.4 contributions and significance

Figure 2 shows the logical flow this study and its major
contributions. This thesis contributes toward different phases of
place-related question answering including place modelling,
analysing, formalising and finally answering place-related questions.
In the following subsections, each phase and the corresponding
contributions of this thesis are discussed.

1.4.1 Place Modelling

The first contribution is a model of place derived from the extraction
and categorisation of the properties, aspects and characteristics of



8 introduction

the notion of place from an interdisciplinary literature review. Place
is an important concept in different disciplines including Human
Geography, GIScience, Architecture and Environmental Psychology. Here,
a systematic approach is used to select relevant publications, extract
place properties and synthesise them into place facets. The
systematic approach is based on the proposed guideline by Okoli
(2015) which maximises the reproducibility of the review and its
results.

This contribution underpins the extraction of place-related
properties, the heterogeneity resolution of diverse definitions, and
the synthesis of the properties into place-related facets. While this
multi-faceted model is later used to provide schema and methods
for analysing and answering place-related questions, it can be used
in other place-related applications including information retrieval
(IR), and database and knowledge-base design.

1.4.2 Question Analysis

The second contribution is to extract, analyse and characterise
place-related questions of MS MARCO dataset (Nguyen et al., 2016).
Here, linguistic facets (i.e., one category of place model that captures
references to places) are used to extract and characterise
place-related questions. An encoding approach is developed to
extract place names, types, activities, situations, qualities and spatial
relationships. Then the encoded questions are categorised into
geographical, and non-geographical questions. Finally, the
geographical questions are categorised into spatial and non-spatial
categories.

The results are evaluated by comparison of the encoding
categorisation to categorisation based on contextualised word
embedding model (ELMo) (Peters et al., 2018). The word embedding
models provide a high dimensional vector representations of words.
Such a model is trained over millions of documents using a deep
neural network structure. However, this study shows that a simple
encoding model based on domain (i.e., geographic) knowledge can
derive comparable results.

Finally, using the multi-faceted model of place and core concept of
spatial information (Kuhn, 2012), a top-down approach is devised to
classify the place-related questions. This classification is based on
the core questions that are derived from the core concepts. Based on
the conceptualisation of place in information system (Purves, Winter,
and Kuhn, 2019), core question for objects are used and enriched by
place facets to derive templates for place-related questions. The
results of this top-down classification is compared to the bottom-up
encoding-based categorisations. This comparison shows the
incompleteness of bottom-up categorisation due to the biases to the
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source dataset. Hence, the theoretically-driven (top-down) schema
captures more diverse types of place-related questions.

1.4.3 Question Formalisation

The third contribution is a method to translate NL place-related
questions into GeoSPARQL queries. First, an intermediate logical
model is devised to parse place-related questions. The intermediate
model is a FOL representation of questions’ structure. Later, the
intermediate representations of questions are translated into formal
query representations.

This formalisation is tested using the Geospatial Gold Standard
benchmark called GeoQuestion201 (Punjani et al., 2018). The results
are compared with existing approaches. The results of this study
shows the effectiveness of intermediate model of questions in
translating questions to syntactically and semantically correct
queries.

1.4.4 Generating Relevant Answers

Lastly, the fourth contribution is a method for analysing the
structure of human-generated answers. Here, a detailed analysis is
conducted to study human-generated answers to where-questions.
The human-generated answers to where-questions are studied
through generic representations (e.g., place types) of place names. A
new approach called Specific to Generic Translation is devised and
proposed to study the human-generated answers. This study shows
that a few patterns based on generic representations can describe
hundreds of where-questions and their answers. These patterns are
used to enable computers to imitate human answering behaviour to
where-questions. The results shows the usefulness of generic
references to imitate the structure of human-generated answers.

1.4.5 Contribution Summary

In summary, the major contributions of this PhD study are listed
below:

• A multi-faceted model of place that captures place-related
properties which are extracted from multidisciplinary
literature review. The model is further used in this study to
show its application in place-related question answering;

• An encoding approach to characterise and categorise
place-related questions;
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• A top-down classification of place-related questions using the
multi-faceted model of place;

• A heuristic method to extract the intent of place-related
questions using constituency parsing;

• A conceptual model to parse place-related questions into an
intermediate logical representation;

• A template-based method to translate parsing results into
GeoSPARQL queries;

• A new approach to study and imitate human answering
behaviour to where-questions using generic representations of
places.

This thesis contributes to different phases of place-related
question answering including modelling, encoding, formalising and
also generating useful answers. This work demonstrates that
extracting platial information and analysing generic references can
provide useful insights for characterising and answering
place-related questions. The results are justified with strong patterns
extracted from MS MARCO corpus using the encoding schema and
generic references. In addition, this thesis shows that using generic
representations of places human answering behaviour can be
imitated by computers.

1.5 thesis structure

The rest of this thesis is organized as follows.
Chapter 2 presents a detailed literature review of previous works

in geographic question answering. This chapter covers the current
models and methods for answering geographic questions. Finally, the
research gaps are identified and explained. Chapter 2 establishes a
foundation for its subsequent chapters.

Chapter 3 describes the systematic method to extract place-related
properties from relevant multidisciplinary publications and
synthesise the extracted properties into a multi-faceted model of
place.

Chapter 4 investigates an encoding approach to characterise
place-related questions. Then, the encoding method is used to
analyse and compare different corpora of geographic questions.
Finally, the top-down approach to derive templates for place-related
questions is presented.

Chapter 5 first describes the intermediate representation of
place-related questions. Next, the template-based approach to
formulate GeoSPARQL queries from the intermediate
representations is discussed. The implementation and evaluation of
translating questions to GeoSPARQL queries are provided.
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Chapter 6 presents a detailed analysis of human-generated
answers to where-questions. The proposed Specific to Generic
method is described to study and imitate human answering
behaviour to where-questions. Finally, the implementation and
results of generating templates for answering where-questions are
discussed.

The last chapter provides an overall discussion of findings of this
study, limitations of the proposed methods, and finally conclusions
and future works (Chapter 7).





2
Q U E S T I O N A N S W E R I N G I N T H E G E O G R A P H I C
D O M A I N

The answering of questions is not a simple retrieval and response
of stored information; rather the process is embedded in a general
structural framework containing knowledge of the questioner, the

question, and the world around it.

— Norman (1973)

While place-related question answering is not specifically studied
before, question answering in general (i. e., open-domain) and
Geographic Question Answering (GeoQA) have been studied and
investigated in literature. Place-related QA, as defined in this study
with a pure focus on geographical places, is a branch of GeoQA.
While the subject of questions in GeoQA can be other geographic
concepts and phenomena such as events and processes, place-related
QA is only focused on the concept of place. To present related works
and to provide the background for the rest of this thesis, this chapter
focuses on relevant scientific studies in the scope of QA. First,
open-domain QA approaches are briefly reviewed to provide a
background information about human QA and automatic QA. Then a
detailed review of GeoQA literature is presented, and the identified
research gaps and their relevance to this PhD study are discussed.
Finally, the contributions of this thesis are highlighted and justified
based on the literature.

2.1 question answering

The study of QA is of interest of different disciplines including
linguistics, psychology and computer science. Linguists are mainly
concerned about how language is syntactically, semantically and
pragmatically used in communication (Guerzoni, 2003). Cognitive
psychologists are focused on how people answer questions (Norman,
1973), and computer scientists devise methods and algorithms to
automatically retrieve responses to satisfy inquirers’ information
needs (Dwivedi and Singh, 2013). In the following subsections, first
previous works in linguistics and psychology to study human QA

are reviewed. Next, the datasets, models and algorithms for
automatic QA are discussed. Finally, a discussion of the identified
gaps between human QA and automatic QA is presented.

13



14 question answering in the geographic domain

2.1.1 Human Question Answering

The studies in human question answering behaviour can be
classified based on the level of investigation to syntactic, semantic and
pragmatic analysis of the questions and answers (Pomerantz, 2005;
Searle, Parret, and Verschueren, 1992). Previous works on the syntax
provide an understanding of the structure of questions and their
corresponding answers. Using semantic analysis, the meaning of
questions and the relevance of answers are investigated without
considering how it might be interpreted differently in various
contexts (Karttunen, 1977). Finally, pragmatic studies focused on the
contextual aspects in which the meaning of questions may differ.
Consequently, the validity and relevance of the corresponding
answers are judged based on their relevance to the meaning of
questions in the context of communication (Krifka, 1996; Malamud,
2006).

The study of syntax in human QA and dialogue is based on the
following assumption: The subsequent utterance (in QA, the answer) is
based on its previous utterances (i.e., the question) and this dependency can
be captured through detecting syntactic patterns (Du Bois, 2014).
Syntactic analysis in human QA resulted in (1) different taxonomies
of questions using question words (Robinson and Rackstraw, 1972), (2)
detecting part-of-speech patterns from utterances (Du Bois, 2014), and
(3) analysing structure of questions and answers using linguistic
parsing (Bouma, 2006).

Using the semantic level of linguistic analysis, several taxonomies
are proposed to classify questions based on their subjects (e.g.,
McClure et al., 2002; Mooney, 1991). In addition, semantic parsing
and semantic role tagging are proposed to extract useful information
from the questions, and to model questions into a logical form
(Delmonte, 2007; Karttunen, 1977).

In pragmatic analysis, the questions can be classified based on (1)
the forms of expected answers, and (2) sources where the answers
can be found (Pomerantz, 2005). The form of answer determines the
characteristics of a useful answer for an inquirer in a specific context.
These characteristics are listed below:

• All versus some: In one context, a useful response should
provide a complete list of possible answers while in another
context some of the possible answers (e.g., only the best ones)
are sufficient (Rooy, 2004). Considering the question, where to
exercise during COVID-19?, if the context is for writing a blog
post to inform other people, the answer should be a complete
list of possible places in the neighbourhood. In the context of a
user searching in the Web, showing only a few places, the best
candidates, are enough.



2.1 question answering 15

• Specificity: A specific answer or a generic one? Specificity
determines the form of answers in terms of generic or specific
responses (Groenendijk and Stokhof, 1980). For example, where
did you meet her? can be answered through generic or specific
references of the intended place. In some contexts a generic
answer such as in a cafe is useful, while in a different context
the specific answer, at Cafe Central, is demanded.

• Domain: The domain of answers could be restricted in one
context and not in another context (Chierchia, 2006). For
example, what are the best places to visit? In a wide-domain
interpretation, it could be any tourist attraction in the world
while in a local domain, the place should be near to the
inquirer.

• Granularity: The level of details with which the answer is
useful depends on the context (Malamud, 2006). A useful
answer to a typical where-question such as where are you from?
depends on the context. In some context, a detailed (fine level
of granularity) response is needed – e.g., Malayer (a small town
in Iran). While in another context, the useful answer is
provided in coarse granularity level – e.g., Iran.

• Polarity: When asking about a property, sometimes a lower
bound of the property is a useful response and sometimes the
upper bound is needed (Seuren, 1984). For example, how cold is
the Melbourne weather in winter? If the person is asking to know
if she should bring a jacket, then a useful answer is a lower
bound of temperature, while if she is unsure whether she can
use her hoodies, then the upper bound response is useful to
her.

• Gradability: Some criteria are gradable and they can be
interpreted maximally or minimally. Thus, the usefulness of
answer is related to this context-dependent interpretation
(Gazdar, 1977). Let us consider the question is Brunetti open
during COVID-19? Here, the maximal interpretation considers
affordance of every services including eat-in and takeaway.
While, the minimal interpretation relates to any services that can
be afforded in this place – e.g., takeaway.

• Plurals: In case of plural references (e.g., bars) the
interpretation of questions’ criteria can be either universal (all
should satisfy the criteria) or existential (one or more satisfy
the criteria) (Krifka, 1996). For example, are bars open during
COVID-19? Here, the universal interpretation rewrites the
question as are all bars open during COVID-19? while using the
existential interpretation the question can be rewritten as is there
a bar that is open during COVID-19? Consequently, this
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context-dependant interpretation determines what should be
the answer.

The pragmatic study of questions and answers can be viewed
using higher level theories of communication. Grice (1975)
developed his conversational implicature theory with four maxims
known as quantity, quality, relation and manner. Quantity describes
that the information should be neither more nor less than what is
required for a successful communication. Quality describes that the
response should be accurate and truthful. Relation is being
appropriate to an immediate information need at each stage of
communication. Finally, manner describes that the response should
be clearly executed to be understandable to the inquirer.

Wilson and Sperber (2002) investigated the notion of relevance in
their seminal relevance theory of communication. According to this
theory, answers to questions in human communication are simple,
short, selective and cognitively informative responses. The common
question addressed by relevant studies of QA is: What is relevant to be
included in the answers to questions? Wilson and Sperber’s relevance
theory is grounded in two principles: (1) the greater cognitive effect
by a piece of information, the greater its relevance (appraisal of
informative responses), and (2) the greater processing effort of a
piece of information, the lesser its relevance (appraisal of short
responses) (Wilson and Sperber, 2002).

2.1.2 Automatic Question Answering Systems

Automatic QA is defined as a process of finding a correct answer to
the question posed in natural language using information stored in
documents, databases and knowledge bases (Diefenbach et al., 2018;
Gupta and Gupta, 2012). Two major aspects of QA systems are the
content and the context analysis of questions (Marx et al., 2014).
Analysing the content determines what is asked in the question, while
the context is related to who has asked the question or when the question
is posed. Yet, both aspects are necessary for a successful
communication between users and QA systems.

Automatic QA systems can be classified based on their approach
for information access (Ferrés Domènech, 2017) or the method they
use to find the answers (Dwivedi and Singh, 2013). Based on the
information sources, QA systems are classified into IR-based QA,
database-oriented QA and hybrid QA systems (Dimitrakis, Sgontzos,
and Tzitzikas, 2019). In IR-based QA, unstructured documents are
used as a source to retrieve answers, while in database-oriented
methods structured information in databases and knowledge bases
are the basis to answer the questions. The hybrid methods utilize
both structured and unstructured information.
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Figure 3: The general architecture of QA systems

Based on the methodology, the QA systems classified into (1)
linguistic approaches, (2) statistical methods and (3) pattern
matching (Diefenbach et al., 2018; Dwivedi and Singh, 2013).
Linguistic approaches include diverse methods for answering
questions using NLP (e.g., Chung et al., 2004; Mishra, Mishra, and
Agrawal, 2010), and Artificial Intelligence (AI) (e.g., Sharma and
Gupta, 2018; Xie et al., 2016). Statistical methods are based on
statistical learning models such as Support Vector Machine (SVM),
Bayesian classifiers or maximum entropy models (e.g., Bordes,
Weston, and Usunier, 2014a; Yen et al., 2013). Finally, pattern
matching methods are focused on utilizing templates and regular
expressions for finding answers to questions (e.g., Ravichandran and
Hovy, 2002; Sneiders, 2002). The pattern matching methods have a
limited capacity for real-world QA and can only answer limited
types of questions.

2.1.2.1 QA Architecture

The general architecture of a QA system includes three main
components, (1) question processing, (2) query generation, and (3)
finding the answers (Gupta and Gupta, 2012). Figure 3 shows the
general architecture of QA systems.

The first step, question processing, includes several sub-tasks such
as preprocessing, question classification, intent recognition, relation
extraction and question reformulation (Dimitrakis, Sgontzos, and
Tzitzikas, 2019). The preprocessing step includes normalising the NL

questions into a standard format by removing unwanted tokens (e.g.,
a, an), string matching to remove typos and misspelling, and
standardization of complex references (Saquete et al., 2009). The goal
of question classification is to determine the subject of questions
which later can be used to find a solution for answering the question
(Madabushi and Lee, 2016). Intent recognition or answer type
classification determines the type of relevant responses (Di Gennaro
et al., 2020). Relation extraction aims at finding how named entities
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(e.g., names for people and places) are related to each other in the
questions (Li et al., 2019). Finally, question reformulation or question
expansion is a task to map questions into a semantically equivalent
form that is more explicit and descriptive (Buck et al., 2018).

Query generation is a process of translating the analysed question
into a representation suitable for finding the answers. This
representation depends on the classification of QA system. For
example, IR-based QA systems transform the questions into vector
representations (e.g., bag-of-words) (Bordes, Weston, and Usunier,
2014b) while database-oriented QA systems translate the questions
into SQL or SPARQL queries (e.g., Huilin et al., 2019; Wang et al.,
2020). Later, these representations are used to search information
source for finding the answers.

Generating formal queries from NL questions is extensively
studied in the last decades (Kim et al., 2020). Kim et al. (2020)
describe this task as a set of sequential steps including (1) input
enrichment, (2) translation to intermediate (sometimes logical)
representation, (3) post-translation and (4) machine learning based
or rule-based query generation. The trend for query generation tasks
starts with handcrafted rules (Zelle and Mooney, 1996) and lead to
development of recent models based on deep neural networks
(Dong and Lapata, 2018; Xu et al., 2019). Dong and Lapata (2018)
presented a method to first derive a sketch representation that omit
the details of the translation task and then generate detailed version
of the representation using neural network approach. Xu et al. (2019)
presented an encoder-decoder neural network model that can also
utilise a database schema to identify out-of-the-scope questions and
reject them in the processing step. However, these methods are
open-domain approaches that are not necessarily taking the
geospatial analysis into consideration.

Finding answers and presenting the response is the last phase of
automatic QA. In IR-based QA systems, finding relevant passages
(e.g., Cohen and Croft, 2018; Cohen, Yang, and Croft, 2018b), and
summarizing the passage or finding sentences or phrases (e.g., Song
et al., 2017; Yulianti et al., 2016) are the sub-tasks of this phase
(Dimitrakis, Sgontzos, and Tzitzikas, 2019). In database-oriented QA

systems, this phase involves finding the answer by submitting the
query to knowledge base or database (e.g., Zou et al., 2014),
inferring and reasoning (e.g., Mountantonakis and Tzitzikas, 2016)
and selecting an appropriate representation (e.g., Xu et al., 2016) to
present the answers (Dimitrakis, Sgontzos, and Tzitzikas, 2019).

A new method which is used recently in QA is called Machine
Comprehension (MC). This method utilizes deep learning
approaches for answering questions (Richardson, Burges, and
Renshaw, 2013). The power of deep learning approaches is their high
performance results compared to traditional methods, specially with
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Figure 4: QA architecture using machine comprehension

large amount of data. This approach is a part of IR-based QA but
with a simplified architecture. The architecture of QA using MC

approaches is shown in Figure 4. Here, the query generation and
answer selection phases (including their sub-tasks) are generalised
into a deep learning architecture called MC.

2.1.2.2 QA Datasets

This subsection reviews the currently available datasets for automatic
QA. For textual QA, the datasets can be divided to database-oriented
datasets and IR-based datasets (including MC datasets).

In database-oriented datasets, the schema of the knowledge base
or database is available. These datasets provide questions and the
valid formalised version of the questions (i.e., queries) based on the
available schema (e.g., Chen et al., 2019, 2020; Dubey et al., 2019;
Trivedi et al., 2017; Yu et al., 2018). Some database-oriented datasets
are generated using the schema of well-known knowledge bases
such as DBpedia, Wikidata, and Freebase and the valid answers for
questions are also included in those datasets (e.g., Dubey et al., 2019;
Trivedi et al., 2017).

IR-based datasets include essential information such as a set of
questions, answers sentences, and retrieved and selected passages
(Yang, Yih, and Meek, 2015). Some datasets are focused on a special
task of IR-based QA such as passage retrieval (e.g., Cohen, Yang, and
Croft, 2018a) or answer extraction (e.g., Wang, Smith, and Mitamura,
2007). The early IR-based QA datasets provided by Text Retrieval
Conference (TREC)1 (Voorhees, 1999) contain editor-generated
questions (e.g., TREC 8-13) while the newer datasets are generated in
a more natural process by extracting questions asked by Web search
users from query logs (e.g., Yang, Yih, and Meek, 2015).

The MC datasets provide questions, retrieved passages, and the
extracted answers as essential information (Bajgar, Kadlec, and
Kleindienst, 2016; Hermann et al., 2015; Hill et al., 2015; Rajpurkar
et al., 2016; Richardson, Burges, and Renshaw, 2013). Some of these

1 https://trec.nist.gov/data/qa.html

https://trec.nist.gov/data/qa.html
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datasets provide additional information such as well-formed
answers and question types (e.g., Nguyen et al., 2016). Lakshmi and
Arivuchelvan (2019) present a detailed review of several MC datasets
and compare their characteristics. This review shows that MS MARCO

dataset (Nguyen et al., 2016) has the potential to investigate human
answering behaviour due to its answering policy in the data
generation. The answers in the MS MARCO could be spanned over
several passages. Consequently, the answers in MS MARCO are more
similar to responses in human QA due to its free-form answering
policy. In addition, providing a large set of questions and answers
(i.e., more than 1 million records) and tagging question types makes
MS MARCO a suitable dataset to this PhD study. Most of the data
analysis parts in this thesis are conducted using the MS MARCO

dataset (see Chapters 4 and 6).

2.1.3 Human QA versus Automatic QA

Current automatic QA methods are based on a simplistic model of
human QA. Human-generated responses to questions differ from the
answers retrieved from documents and knowledge bases (Mendes
and Coheur, 2013). The retrieved responses often contain
information irrelevant in the context of the question or missing some
essential information needed to satisfy inquirers’ information needs.
Moreover, the flow of information in the content of the retrieved
responses is not adapted to the question and its context due to the
retrieval and non-generative answering methods. This is in contrast
to the human-generated answers that are specifically generated with
respect to the content of the question and the context of the
communication.

To generate answers automatically, the structure of
human-generated answers should be learned in a computer
digestible model. However, in open-domain QA, the structure of
answers are complex due to the various forms of questions, and
cannot be captured in a unified model. Hence, focusing on a specific
domain is the solution for designing a structural model of
human-generated answers.

One of the contributions of this thesis is to study and imitate the
structure of human-generated answers to where-questions (see
Chapter 6). The syntactic and semantic level of the human-generated
answers are investigated using generic geographic information. To
minimise the impact of pragmatic interpretations, a dataset that is
relatively generated in the same context (i.e., MS MARCO) is used for
this study. This dataset includes questions that are submitted a
search engine, and answered without any information about the
inquirers.
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2.2 geographic question answering

GeoQA is defined as methods and algorithms that help inquirers to
satisfy their information need by answering their geographic
questions (Ferrés Domènech, 2017). In GeoQA, answering geographic
questions can be based on diverse information sources such as
textual information (Ferrés and Rodríguez, 2006; Mishra, Mishra,
and Agrawal, 2010), geodatabases (Chen et al., 2013), and
spatially-enabled knowledge bases (Ferrés and Rodríguez, 2010).
The answer to these questions can be represented in natural
language, structured into tables and graphs, or visualised as maps
(Chen, 2014; Ferrés Domènech, 2017; Scheider et al., 2020b). GeoQA

architectures typically resolve three tasks: (a) question classification
and intent analysis, (b) finding relevant sources, and (c) extracting
answers from the sources (Ferrés Domènech, 2017).

Geographic questions include a wide range of questions about
different concepts such as geographic objects (e.g., places), fields (e.g.,
temperature), events (e.g., earthquakes) and networks (e.g.,
transportation). These questions can be posed in everyday
communication, searching the Web or using a Geographic
Information System (GIS) (Scheider et al., 2020a).

In the following subsections, first the shared tasks between GIR and
GeoQA are reviewed. Next, relevant studies to each task of GeoQA are
provided and the identified gaps are presented.

2.2.1 Geographic Information Retrieval

The goal of GIR is to develop spatially-aware search tools to support
users’ geographical information needs. The core tasks of a GIR

system are extracting and localising place names, qualifying spatial
relationships, indexing documents, matching geographic queries to
documents by inferring their geographical relevance, and ranking
the matching results (Purves et al., 2018).

GIR and GeoQA are both Geographic Information Access (GIA)
methods aiming at finding relevant information to satisfy a
geographical information need. Despite the differences in their
inputs (i.e., queries versus questions) and outputs (i.e., documents
versus answers), several tasks are shared between GIR and GeoQA. In
other words, several tasks originally developed for GIR are still used
in GeoQA. The basic shared tasks in GIR and GeoQA includes toponym
identification (aka, geoparsing), toponym resolution (aka,
geocoding), and reasoning over spatial relationships
(Ferrés Domènech, 2017). Later, these basic tasks are used to analyse
geographic queries and documents.

Geoparsing methods are designed to extract toponyms from
textual information. Geoparsing is a step to resolve Geo/Non-Geo
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ambiguity (Purves et al., 2018), – i.e., whether a noun phrase refer to a
geographic place or a non-geographic entity. Three main approaches
for geoparsing are (1) gazetteers lookup, (2) rule-based methods,
and (3) machine learning (Leidner and Lieberman, 2011). Using
gazetteers lookup, noun phrases are considered as place names if
they match to a place name in predefined gazetteers. This approach
is not able to find place names which are not captured in gazetteers,
and suffer from mismatches when the noun phrases are in
gazetteers but actually refer to non-platial entities (e.g., Washington,
when it refers to a person) (Purves et al., 2018). The rule-based and
machine learning methods extract toponyms using the surrounding
words and the structure of the sentences. The former utilise
handcrafted rules (Bilhaut et al., 2003) while the latter learn these
patterns from a labelled training dataset (Curran and Clark, 2003).

Geocoding or toponym resolution is the process of
disambiguation of the extracted toponyms to their geographic
locations (Buscaldi, 2011). In this task, the Geo/Geo ambiguity is
resolved by assigning a unique location to an extracted toponym
(Purves et al., 2018). Buscaldi (2011) categorised the geocoding
approaches into (1) map-based, (2) knowledge-based, and (3)
machine learning methods. In map-based methods, the spatial
configurations of ambigous toponyms in a given context are used to
design a heuristic approach for resolving the ambiguity. For
example, the minimum spatial context heuristic (Leidner, Sinclair, and
Webber, 2003) resolves toponym ambiguity by selecting the set of
locations (a unique location for each toponym in the text) that covers
the smallest geographic area (e.g., bounding box or convex hull area)
compared to other possible location sets. Knowledge-based
approaches utilises the information available in gazetteers and
knowledge bases (e.g., population) to find the best candidate and
resolve toponym ambiguity (Rauch, Bukatin, and Baker, 2003).
Machine learning methods use labelled datasets and learning
models for finding the suitable location for toponyms. These
methods are able to use other geographic information such as events
for toponym resolution (Roberts, Bejan, and Harabagiu, 2010).

Extracting spatial relationships from NL texts is one of the basic
tasks of GIR. Spatial relationships are often expressed through
prepositions in natural language (Bennett, 1975). The interpretation
of spatial preposition is a challenge due to their context dependency.
For example, the spatial preposition ’at’ can have different meaning
depending on the scale level and classification type of the anchor
places (Vasardani et al., 2012). Here, the goal is to model the
extracted spatial relationships and enable GIR systems to perform
spatial reasoning for analysing geographic queries and documents
(Sallaberry et al., 2008).
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2.2.1.1 Analysing Geographic Queries

In GIR literature, different methods are proposed to classify
geographic queries (e.g., Sanderson and Kohler, 2004), to extract
intents of the queries (e.g., Henrich and Luedecke, 2007) and to
model the queries based on their structure and semantics (e.g.,
Purves et al., 2007).

GIR from Web sources focuses primarily on: (1) geographic Web
queries (e.g., Aloteibi and Sanderson, 2014; Sanderson and Kohler,
2004), and (2) geographic context of Web search and its spatial
variation (e.g., Backstrom et al., 2008). Geographical Web queries
were first described by Sanderson and Kohler (2004) who focused on
explicit geographic queries, those containing place names (i.e.,
toponyms). Later, implicit geographic queries that relate to generic
nouns designating locations known to a subgroup of people (e.g., a
family sharing a location known to them as home) have also been
identified (Wang et al., 2005). The manual labeling of such
geographic queries was described by Gan et al. (2008).

In contrast, Jones et al. (2008) analyzed the intent behind spatial
search executed through Yahoo. They studied the distances between
toponyms in the query and the location of the user indicated by their
IP address. They then classified the spatial search focus by distance
into granular categories: same-city, same-state, same-country and
different-country, and correlated search distance distributions with
the topics searched for. A more recent study of the geolocated search
logs of Bing (Lee, Craswell, and Murdock, 2015) profited from the
higher accuracy of user positioning, supporting a finer grained
analysis of the search location to searched entity distances, and
correlated it with the distribution of entities of different types in
space. They found that users have a strong preference for the closest
available match for the search conditions, although these preferences
are weaker for certain types of business categories. The preferred
search results issued by users from familiar and unfamiliar locations
are distinct, as shown by Kravi et al. (2015). Similar findings have
been reported in differences in search queries by frequent versus
one-time visitors to shopping centres (Ren et al., 2017).

Henrich and Luedecke (2007) developed a bottom-up approach to
categorize geographic web queries into four main groups, finding
accommodation, searching for habitation, seeking information about places,
and finding places that afford leisure time activities. They proposed a
taxonomy of information needs for geographic questions, consisting
of four classes: (1) to there: wayfinding purpose; (2) about there:
information about a place; (3) there: activity inside a place; and (4)
from there: to get something from a specific place (Henrich and
Luedecke, 2007).

Purves et al. (2007) proposed a model for geographic queries
based on the thematic and spatial aspects of the queries. This model
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is a triplet constructed from three constituents – i.e., <theme, spatial
relationship, toponym>. This model is used to build a geographic
search engine called SPIRIT which enable geographic search
through a structured query interface (Purves et al., 2007). Hamzei
and Hakimpour (2017) developed an iterative approach to extract
toponyms and spatial relationships from unstructured
keyword-based queries. This approach is used to analyse geographic
queries which are constructed based on toponyms and spatial
relationships, i.e., <toponym, spatial relationship, toponym>.

2.2.1.2 Analysing Geographic Text

The task of analysing NL texts in GIR has two purposes: (1) extracting
geographic information from NL texts to build knowledge bases and
(2) determining geographic scope of Web documents (Santos and
Chaves, 2006). The former lead to deriving and populating
geographic ontologies and the latter is a basis for matching and
retrieving relevant documents to geographic queries.

Kordjamshidi, Otterlo, and Moens (2011) proposed a triplet model
to extract spatial information from NL texts. The triplet is composed
of trajector, landmark and spatial indicator parts. The trajector is the
spatial object which the sentence localises. Landmark is the anchor
object which its location is taken for granted and spatial indicator is
a spatial relationship which describes the location of trajector based
on the landmark location. Later, Vasardani et al. (2013) developed a
similar triplet model which includes locatum, relatum and spatial
relationship. The difference was that Vasardani et al. (2013) proposed
a conceptual framework to not only extract these triplets (Khan,
Vasardani, and Winter, 2013) but to merge them (Kim, Vasardani,
and Winter, 2017) to from a property graph which is called place
graph. Later, this model extended in N-plet model to capture nary
relationships and enriched but essential place-related information
such as place type and affordance (Chen et al., 2018). The thematic
aspects of geographic information are also investigated in literature.
McKenzie and Adams (2017) proposed a topic modelling approach
to extract thematic aspects of places from NL texts.

Andogah, Bouma, and Nerbonne (2012) defined geographic scope
of a NL text as a region or an area which the document is about.
Geographic scope enable GIR systems to index documents based on
their geographic scope and retrieve them in an efficient manner
using spatial indexing methods (Monteiro, Davis Jr, and Fonseca,
2016). The task of determining geographic scope of documents is
based on geoparsing and geocoding of their textual content. Often
the dominant location or a weighted mean of the extracted locations
are considered as the geographic scope of the text (Purves et al.,
2018). Some studies suggest that a bounding box of extracted
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location can be useful for GIR purposes (Brun, Dominguès, and
Van Damme, 2015).

2.2.1.3 From GIR to GeoQA

The transition from GIR to GeoQA, and in general from IR to QA, is the
results of new communication channels (e.g., voice search), and new
expectations from progressive developments of IR systems (Guy,
2018; Zhao et al., 2019). Analysing query logs show emerging
patterns in queries that are submitted to search engines. These
search queries are more similar to NL questions than traditional
keyword-based queries (Guy, 2016; White, Richardson, and Yih,
2015). Consequently, researchers claim that a new design to enable
natural interaction between users and IR systems is a necessary step
ahead (Zhou, 2018).

Zhou (2018) described Natural Search as the future of IR systems.
The naturalness of interaction between users and IR systems can be
achieved by enabling natural language QA. However, to enable
natural search new methods are needed for analysing questions and
generating relevant answers.

The difference between queries and questions is not only about
the syntax or presentation but also about the semantics and intents.
In terms of syntax, the NL questions are often longer (based on
number of tokens), and avoid abbreviations (Guy, 2016). NL

questions have clear and specific intents which are interpretable by
people (Guy, 2018) while queries are often vaguely defined.
Consequently, the task of analysing questions is to devise models
and methods for enabling computer to digest and interpret NL

questions.
Several search engines, including Google, ASK2 and START3,

initiated their question answering capabilities recently (Zhao et al.,
2019). The answers are retrieved from knowledge bases (e.g., Google
Knowledge Graph) or directly extracted from a selected document.
These answers are shown in answer box on top of the ranked
document list whenever the system can retrieve answers to the
questions. Zhao et al. (2019) experimented the answering capability
of Google Search Engine and they found that the current results are
limited in several ways. While the system relatively perform well for
person-related questions (e.g., celebrities), other questions such as
event-related and organization-related are often remained
unanswered. In addition, the current answering capability is only
limited to simple factoid questions and unable to answer more
sophisticated types of questions (Zhao et al., 2019).

Purves (2014) described answering geographic questions as one of
the neglected aspects in the current GIR systems. Currently, the

2 http://www.ask.com

3 http://start.csail.mit.edu

http://www.ask.com
http://start.csail.mit.edu
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geographic questions are treated equally as other types of questions
despite their fundamental differences such as high context
dependency, vagueness and the need for spatial reasoning and
analysis to properly answer them (Mai et al., 2020).

2.2.2 Analysing Geographic Questions

Analysing geographic questions in GeoQA includes two major sub-
tasks, (1) question classification and (2) intent recognition. The former
defines a type for each question which is later used for finding a
solution strategy (Ferrés Domènech, 2017), while the latter describes
what is the purpose of question and what should be presented in the
answers (Jang et al., 2010).

Several classifications are proposed in literature to annotate
geographic questions. Li and Roth (2002) proposed a hierarchical
classification of open-domain question. The first level of the
hierarchy includes six types of questions – i.e., abbreviation, entity,
description, human, location and numeric. The second level of the
hierarchical classes include detailed classification which some of
these classes are related to geographic questions. The location
category is divided into questions about city, state, country, mountain
and other places. Some of the numeric questions such as distance,
temperature and count can be also related to geographical concepts.
Here, the questions are classified based on some properties and
types of geographic places.

Ferrés and Rodríguez (2006) proposed a classification for
geographic questions based on their corresponding answer types.
This schema includes nine types of questions: (1) count-objects, (2)
how-many-people, (3) what-area, (4) what-flow, (5) what-height, (6)
what-length, (7) where-action, (8) where-location, and (9) where-quality.
This classification capture what/where/how-many questions about
geographic places but only for a few popular properties such as
length, height and actions.

Chen et al. (2013) developed a GeoQA system to answer basic types
of geographic questions. These question types are derived from
simple spatial analysis such as locating places, calculation of distance,
determining proximity buffers. The templates for these questions are (1)
where is X?, (2) how far is X from Y?, (3) which Y is the nearest to
X?, and (4) what Y are within a specific distance from X?

Punjani et al. (2018) categorized geographic questions into
question templates based on location, type, spatial relationships and
thematic attributes of places. They identified seven categories of
questions which are listed in Table 1. This classification purely
captures the syntactic structure of geographic questions and biased
to only a specific types of questions.
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Table 1: Classification schema of geographic questions (Punjani et al., 2018)

Question Type Example

location of place X Where is Melbourne?

place X, spatial relation R,
place Y

Is Melbourne south of Sydney?

place type T, spatial relation R,
place Y

What are the cities near to
Melbourne?

place type T1, spatial relation
R, place type T2

Which restaurants near to
bars?

place type T, spatial relation
R, place type T2 in a given
geographic context

Which restaurants near to bars
in Melbourne?

thematic properties P of place
X

What is the population of
Melbourne?

quantities and aggregates Which is the highest mountain
in Australia?

Jang et al. (2010) described sixteen categories of intents for
geographic queries. They studied geographic information in textual
documents to propose this categorisation of intents for geographic
questions. This categorisation includes (1) direction, (2) price, (3)
quality, (4) landmark, (5) location, (6) time, (7) reason, (8) product, (9)
opinion, (10) event, (11) accessibility, (12) mood, (13) list, (14) experience,
(15) activity and (16) number of participants (Jang et al., 2010). This
categorisation can be simplified into navigation between places,
location of a place, getting information about places and experiences
related to activities and sense of place.

The aforementioned classification and analysis of geographic
questions are biased to expert opinions to establish the classification
schema. Consequently, only the popular types of geographic
questions are expressed in these schemas. A bottom-up approach
over a large corpora of question can be used to find more diverse
types of questions. In addition, a theoretically grounded top-down
approach can be used to derive a classification schema with less
biases to experts’ opinions. In chapter 4, this gap is resolved using
both top-down and bottom-up approaches to classify and analyse
geographic questions.

Another gap which is identified here is related to intent
recognition. While the list of intent categories provide a detail
description of question intents, it does not provide a solution to
extract the intent from the questions automatically. In Chapter 5, a
heuristic method is used to extract the intent of questions based on
their grammatical structure.
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2.2.3 Modelling Geographic Questions

The major task of modelling geographic questions is to translate NL

questions into a formal representation that can be used for retrieving
or generating the answers. This formal representation can be a
bag-of-words vector representation (e.g., Ferrés and Rodríguez, 2006)
in IR-based GeoQA or a formal query in SQL (e.g., Chen, 2014) or
SPARQL (e.g., Punjani et al., 2018) when the question is submitted to
a database or a knowledge-base, respectively.

Zelle and Mooney (1996) and Tang and Mooney (2001) designed a
logical form to translate geographic questions into database queries.
This logical form includes factual statements extracted from the
questions in terms of objects and predicates. The objects are limited
to a few geographic concepts such as city, country, state, river, and
place. Inferring objects from questions are achieved through a
dictionary lookup of place names for the United States. The
predicates are relations and operations that are applied to objects.
The predicate list includes twenty functions for defining objects,
getting their properties such as population and area, defining spatial
and logical relationships such as capital-of and equal (Tang and
Mooney, 2001; Zelle and Mooney, 1996).

Chen (2014) devised a method to translate a limited types of
geographic questions into Spatial SQL queries. This method is only
developed for four types of questions: (1) finding coordinates of a
place, (2) finding distance between places, (3) finding closest place to
another place and (3) finding places in a predefined neighbourhood
of another place. The method is based on annotated questions and
predefined Spatial SQL templates. For each type of questions, a
Spatial SQL template is designed and later these templates are
parameterised using annotated questions (Chen, 2014). This method
uses standard functions of Spatial SQL such as ST_Distance,
ST_Buffer and ST_WITHIN to perform spatial analysis for finding
answers.

Punjani et al. (2018) developed a template-based approach to
generate GeoSPARQL queries from NL geographic questions. Their
approach includes two step of natural language processing for
information extraction and resolution, and using a query generator
to parameterise GeoSPARQL templates. In the first step, toponyms,
place types, spatial relationships and properties are identified and
extracted from NL questions. Later, for each question type (see
Table 1) a predefined GeoSPARQL template is designed. Finally, the
standard spatial functions (e.g., topological and metric functions)
implemented in GeoSPARQL are used to test and evaluate the
resulted GeoSPARQL queries.

Modelling questions to be answered by GIS is a complicated
process of extracting information, finding relevant GIS layers, and
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performing spatial analysis using diverse set of toolboxes (Scheider
et al., 2020b). Scheider et al. (2020a) described a process of extracting
information from NL geo-analytical questions as finding textual
references related to core concepts of spatial information (Kuhn,
2012). Then, these annotated questions are translated into a spatial
analysis workflow that links the data layers to the result layer using
spatial analysis tools (Scheider et al., 2020b).

Several studies are focused on rewriting questions when the
geographic questions are either complex or unanswerable.
Hartrumpf and Leveling (2010) designed a recursive method to
rewrite complex geographic questions into simpler set of questions
which can be answered using GeoQA methods. Mai et al. (2020)
proposed a relaxation method for unanswered geographic questions.
They have used distance decay to rewrite query form of
unanswerable geographic questions into a relaxed query which can
be answered by information stored in a knowledge base.

While several studies are conducted to model geographic
questions, a proper intermediate representation of the questions is
still missing. The intermediate representation should be a model
that capture semantics of questions without considering technical
aspects of formal query languages. In Chapter 5, a tree-based
representation of question is presented to capture semantics of
place-related questions. In addition, current templates are mainly
devised for limited types of questions. Chapter 5 shows a dynamic
construction approach which is developed to fill this gap.

2.2.4 Answering Geographic Questions

The last phase of GeoQA is to formulate answers. This task can be
divided into finding and retrieving relevant information, and
presenting the results in an appropriate form. The former results in
relevant content for the answers and the latter focused on how the
content should be expressed to the inquirers. The aim of this phase
is to present correct, useful and non-misleading responses which are
known as cooperative answers (Mendes and Coheur, 2013).

The understanding of the content of questions (available
information inside the question) and the context of the conversations
(e.g., information about the inquirers and their state of knowledge) are
essential aspects of QA (Marx et al., 2014). Geographic questions
contain clues about what would be relevant to be mentioned in the
answers (Behrangi et al., 2007). In addition, the inquirers’ physical
location is noted as an important factor for providing relevant
answers to geographic questions (Shanon, 1983).

Methods for selecting relevant responses depend on the
information sources used for answering the questions. In IR-based
GeoQA often a single span of a document or a snippet is extracted as
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answers to geographic questions (e.g., Mai et al., 2018; Mishra,
Mishra, and Agrawal, 2010). These methods used word
representation models and NLP techniques to train a model over
annotated datasets for extracting the answers. In database-oriented
GeoQA the answers are a partial view of a database tables (e.g., Chen,
2014) or knowledge graphs (e.g., Punjani et al., 2018; Stadler et al.,
2012) which are selected via a formal query. In the special case of
geo-analytical questions, the answers are the results of a spatial
analysis workflow which are not retrieved but generated (Scheider
et al., 2020b). In this case, the answers are extracted by running a
workflow of predefined GIS analysis tools over a selected set of GIS

layers.
In terms of question types, GeoQA studies are mostly focused on

what/which questions about geographic places (e.g., Scheider et al.,
2020b; Vahedi, Kuhn, and Ballatore, 2016). In answering complex
questions such as where-questions and how-to-get-to questions, the task
is either simplified into retrieving stored coordinates (Luque et al.,
2006; Stadler et al., 2012), or selecting a part of textual information
without any adaptation to QA context (e.g., Buscaldi et al., 2006).
However, a study on human-generated answers to where-questions
and how-to-get-to questions are needed to generate proper place and
route descriptions as answers. In Chapter 6, a detailed analysis of
human-generated answers to where-questions is presented.

The answers to geographic questions can be expressed in different
communication channel including visual and auditory channels.
They can be expressed in unstructured natural language form
(Mishra, Mishra, and Agrawal, 2010), or presented in structured
forms such as tables and graphs (Chen, 2014; Punjani et al., 2018).
Moreover, the answers can be shown in a map visualisation
(Scheider et al., 2020b). The presentation style of answers is the part
that is mainly missing in GeoQA. Specially for NL responses to
where-questions and how-to-get-to questions, this task is particularly
challenging. To fill the gap, a proper structural analysis is needed to
understand and imitate the structure of human-generated answers.
In Chapter 6, I investigate the structure of human-generated answers
to where-questions. Chapter 6 describes generic templates to find
structural patterns and to use these patterns to imitate human
answering behaviour to where-questions.

2.3 summary

This chapter described a review of QA and GeoQA literature to
provide a background for the following chapters. First human QA

and automatic QA are reviewed and compared. The results show
that human QA is more complex and the current retrieval
approaches in automatic QA have a simplistic view to natural
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question answering. Later, relevant GIR and GeoQA publications were
scrutinised to identify the current challenges and gaps. The
identified research gaps can be summarised as:

• The proposed schemas for analysing geographic questions are
heterogeneous and biased to experts’ opinions. Hence, a
proper classification schema for geographic question is still
missing (see Section 2.2.2).

• An automated method for extracting and annotating
information from geographic questions calls for a proper
syntactic and semantic analysis question contents (see
Section 2.2.2).

• Extracting the intent of geographic questions currently
performed through human (i.e., expert) interpretations and
developing a method to recognise the intents is a necessary
step toward automatic GeoQA (see Section 2.2.2).

• Current methods for translating geographic questions to
formal query representations are limited to a handful types of
questions. Hence, a method to dynamically generate queries is
required to support diverse question types (see Section 2.2.3).

• Retrieving responses instead of generating useful answers is a
major difference between the machine-generated and
human-generated answers. A detailed structural analysis of
human-generated answers is required to learn and imitate
human answering behaviour (see Sections 2.1.3 and 2.2.4).

In this thesis, the scope of GeoQA is narrowed down to
place-related QA and the identified research gaps are investigated
only for this subset of GeoQA. To systematise the study of analysing,
modelling and answering place-related questions, the notion of
place should investigated and modelled. In other words, a model of
place is a prerequisite of place-related QA that should be addressed
in the first step. Such a place model is a theoretical foundation to
develop schema for annotating and analysing geographic questions,
modelling questions into intermediate representations and
designing a structural model for analysing and imitating
human-generated answers.
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A M U LT I - FA C E T E D M O D E L O F P L A C E

They are all spaces which people have made meaningful.
They are all spaces people are attached to in one way or another.
This is the most straightforward and common definition of place

– a meaningful location.

— Cresswell (2014)

3.1 introduction

Place has been defined as space overlaid with meaning (Relph, 1976;
Tuan, 1977) and attachment to individuals (Cresswell, 2004, 2014) or
groups of people (Turner and Turner, 2006). The difference between
the notions of place and space has been studied in geography and
captured in the space-place continuum, with space and place at the
respective extremes (Couclelis, 1992; Edwardes, 2007). Space is an
abstract concept (Couclelis, 1992) suitable to be formalised in a
computer-based environment, while place is related to human
experiences of the world in a common sense manner (Cresswell,
2004) and its formal modelling is thus challenging (Purves, Winter,
and Kuhn, 2019). Due to multi-disciplinary interests in the notions
of space and place, several definitions of these terms have been
proposed in the literature (Edwardes and Purves, 2007a; Turner and
Turner, 2006). For example, Harrison and Dourish (1996) described
the difference between space and place similar to the difference
between a house (the abstract) and a home (the personal), while
Tuan (1977) has called this difference equivalent to the difference
between freedom (openness) and security (stability). Alternatively, in
architecture and urban planning, space is regarded as the raw
material which turns to place after design is introduced to it (Hillier,
2007).

In addition to these diverse definitions, the notion of place has
also been conceptualised differently, depending on the emphasis of

0 This chapter is based on the publication “Place facets: A systematic literature
review" published in Spatial Cognition & Computation by Hamzei, Winter, and Tomko
(2020). My contribution as a first author of this work includes proposing the
hypothesis and research problem, designing a systematic literature review method,
analysing the results and presenting the discussions and conclusion. This work was
supervised by Prof. Stephan Winter (my primary supervisor) and Dr. Martin Tomko
(my co-supervisor) who provided feedback and suggestions in every stage of this
study.
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the distinct perspectives on place (Turner and Turner, 2006). In
particular, phenomenological (Relph, 1976), sociological (Gustafson,
2001), and psychological (Canter, 1977) perspectives have
contributed to the fundamental conceptualisations of the notion of
place in human geography, social science, and environmental
psychology, respectively (Turner and Turner, 2006). These
conceptualisations differ in their shifting emphasis between the
social (e.g., functional differentiation (Canter, 1997)) and individual
meaning of place (e.g., sense of place (Agnew, 2011)), as well as
between objective (e.g., location (Agnew, 2011)) and subjective
aspects of place (e.g., attachment (Relph, 1976)). These
conceptualisations are complementary, yet manifest also unresolved
conceptual overlaps.

Apart from the conceptualisations of the notion of place, several
attempts have been made for modelling information about (specific)
places (ElGindy and Abdelmoty, 2014a; Papadakis, Resch, and
Blaschke, 2016; Scheider and Janowicz, 2014), to the end of capturing
this information in (geographic) information systems (Jonietz, 2016).
While the conceptualisations are not primarily interested in
formalisation, the information models are presented to capture
information about places in a formalised manner. Two major and
divergent views on modelling places in GIScience view places as
objects with identities (Purves, Winter, and Kuhn, 2019; Scheider and
Janowicz, 2014; Scheider and Purves, 2013), or in contrast, as
emergent aggregates of spatial units with similar themes (Ballatore,
2014; Jonietz, 2016; Papadakis, Resch, and Blaschke, 2016). In
addition to the conceptual differences between these views, the
individual models differ in the types of information stored. For
example, gazetteers mainly capture names, types, and locations of
geographical objects (Hill, Frew, and Zheng, 1999). More recently,
refined models were presented to capture also the affordance and
equipment of places (Goldberg, Wilson, and Knoblock, 2009;
Scheider and Janowicz, 2014). However, what should be included in
a place information model itself and what is domain-dependent
information remains open (Ballatore, 2016).

The diversity of the multidisciplinary perspectives on definitions,
conceptualisations and models of places motivates this study. Its
primary aim is to report on the current state of place-related
research, by systematising these perspectives into a multi-faceted
model of place. As described in Chapter 1, place is narrowed down
to geographic places from a room-level scale to the scale of the Earth
itself in this PhD thesis. Other types of places, such as virtual places
(e.g., a Web-based chat room), imaginary places (e.g.,
cloud-cuckoo-land), smaller places (e.g., table-tops) and mystic
places (e.g., Heaven) are not within the scope of this study.
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In order to extract, categorise, and report on the results of
previous studies, this study focuses on facets of place, rather than an
entire conceptualisation or information model. A facet of place is
here defined as a particular type of information about (geographic) place
that has been defined, described, or formalised in the literature and at the
same time can be used to differentiate places from each other. Here, facet is
defined and used as a general and inclusive term that supersedes
terms such as properties (e.g., good shape which is a property of
place), attribute and characteristics (e.g., type), and aspects (e.g.,
social aspect, or functional aspect). For example, location can be
considered as a place facet because it is a type of information about
places, and places may be differentiated based on their locations.
Facets can thus be considered as units with which the models and
conceptualisations of place can be constructed.

The term facet, as it is defined in facet theory (Canter, 2012), has an
additional criterion of being mutually exclusive from each other. The
facets of place extracted from the literature are, however, not
necessarily mutually exclusive. Therefore, one of the contributions of
this study is the attempts to systematise the facets in order to
remove duplications and deriving categories of facets which are
mutually exclusive as far as possible. These categories form a model
of place that capture and systematise place properties defined in
previous studies. As such, the mutual exclusion criterion is only
aspirational in this study and treated in a relaxed manner using
hierarchical categorisation of facets. Consequently, the deeper the
level in the hierarchical categorisation, the less valid are the
categories in terms of mutual exclusivity.

Providing a systematic review of place in the scientific literature
enables to capture what is already known about the notion of place,
and what the similarities and differences in previous work are.
Diversity in terminologies and different levels of formalisms in
place-related research contribute to confusions in understanding
place and in scholarly communication about the notion of place. In
order to address these issues, this chapter bridges the different
perspectives by categorising the identified facets of place.

3.2 methodology for a systematic literature review

This study realises a Systematic Literature Review (SLR) aiming at
reviewing, synthesising, and reporting results in a reproducible
manner (Okoli, 2015). A SLR is grounded in four phases as defined
by Okoli (2015):

(1) A planning phase includes defining the purpose of the review,
and the design of a protocol determining the procedure for
applying selection, extraction and execution phases. In the
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planning phase of this study, the purpose of the review is
defined through the objectives mentioned above (Section 3.1).

(2) The selection phase of a SLR defines how papers are selected
and how screening is done for excluding publications that are
out of the scope of the SLR. The forthcoming section
(Section 3.2.1) describes the selection method of this study to
support a reproducible review procedure.

(3) The extraction phase includes an appraisal of the quality and
the extraction of data from the selected papers. Here, the place
facets are what is extracted from each selected paper. The
extraction of facets is presented in Section 3.2.2.

(4) The execution phase defines how the extracted data are
synthesised and how the results are reported. In this study, the
execution phase includes card-sorting and hierarchical
clustering methods to derive the multi-faceted model of place
(Section 3.2.3).

3.2.1 Selection Phase

Figure 5 shows the process of selection and screening used in this
study. First, a set of journals in different disciplines are subjectively
selected for finding seed papers that are chosen based on their
relevance to facets of place (Table 2).

The seed journals are the high-quality journals (based on impact
factors) in Human Geography, GIScience and Environmental
Psychology. The focus on these disciplines sources from the purpose
of this study to serve the community of information science for
enriching current conceptualisations and models of place. The title,
abstracts, authors, and citations of all papers published in the
selected journals are extracted using the Scopus API, limiting the
study to English publications between 2008 and 2018.
Keyword-based criteria are not used in this selection process due to
the possible interchangeable usages of the term place with other
related terms in the literature, such as landscape, region, and even
location (Bennett and Agarwal, 2007; Cresswell, 2004).

The selection of a refined list of publications is accomplished by
exclusion of irrelevant publications, in three iterations: based on the
title, the abstract, and in some cases based on the content of the
publications themselves (using subject headings and the conclusion
sections). Only publications with the main scope of place, region, and
human geographical knowledge, or with a focus on a specific place facet
(e.g., affordance) are retained for analysis and review.

During the selection process, the irrelevant publications are
(manually) removed from the selection list due to the out-of-scope
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Figure 5: Selection and screening process.

Table 2: Selected journals

Journal name Field of study

Progress in Human Geography Human Geography

International Journal of Geographical
Information Science

GIScience

Journal of Spatial Information Science GIScience

Spatial Cognition and Computation GIScience; Psychology

Journal of Environmental Psychology Psychology

reason. Specifically, three generic rules are followed in exclusions of
unwanted publications.

(1) If the publication is not about place in any sense; it is not
relevant to the purpose of this review – e.g., miscellaneous
topics such as spatial data infrastructure or spatial algorithms.

(2) If the publication is related to place, but place is only a case
study or of a secondary interest then the publication is
unwanted – e.g., investigation of political issues in different
places.

(3) If the publication is about place but it is not directly related to
facets of place, then it is considered as out-of-scope and,
consequently removed from the list – e.g., publications in
‘placemaking’.

This selection process is designed to avoid possible bias to a
specific view to the notion of place. It enables to select publications
with different objectives, from proposals of formal place models
(e.g., Scheider and Janowicz, 2014) to explorations of the concept of
place by discussion of examples (e.g., Capineri, 2016). In addition,
publications about an individual facet of place (e.g., Galton, 2010) to
a conceptualisation (e.g., Agnew, 2011), an ontology (e.g., Jones,
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Alani, and Tudhope, 2001) or a model of place (e.g., Jordan et al.,
1998) are included in the review process.

After selecting this set of seed papers from the seed journals, two
iterations of forward and backward searches are undertaken. In the
forward and backward searches the cited-by and citations of the
selected seed papers are analyzed with the same screening criteria,
using Scopus and Google Scholar. Books and dissertations are
excluded from the backward and forward search (e.g., Cresswell,
2004; Tuan, 1977) due to their broad scope and large numbers of
cited-by and citations. The reason to include Google Scholar as a tool
for finding new papers stems from the lack of sufficient coverage of
a number of relevant journals, conferences, and books in Scopus.

3.2.2 Extraction Phase

In this phase, the selected publications are read, and place facets are
extracted from text. For each facet, its name, definition, and examples
are collected from text. The facets with the same name and similar
definition are merged into one facet. In addition, the publications that
the facets are extracted from their content are recorded. The results of
this phase address the first objective of this study. In order to present
a comprehensive list of facets, in addition to explicitly-defined facets,
implicitly-defined facets are extracted as well. This is done based on
the best judgment of the author, using the following definitions:

• Explicitly-defined facets are facets named and defined in a
relatively formal manner in the source paper(s). Some of these
facets are part of a conceptualisation, a formal ontology or a
model (e.g., affordance in the model presented by Scheider and
Janowicz (2014)), and the others are defined separately in the
literature (e.g., spirit of place (Vanclay, 2008)).

• Implicitly-defined facets are those that are not defined formally
in the sourced paper(s), but their informal definitions may still
be found (e.g., saliency as defined by Winter and Freksa (2012)).
These facets may sometimes not be named but are discussed
through examples (e.g., spatial reference as described by Winter
and Freksa (2012)).

3.2.3 Execution phase

As shown in Figure 6, the final categories of place facets (i.e., the
multi-faceted model) are the results of synthesis of the extracted
facets using card sorting (Spencer, 2009) and hierarchical clustering
(Johnson, 1967) techniques. The extracted facets – names, definitions,
and examples – had been written on cards, and handed out to three
researchers to independently organise them.
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Figure 6: Process of synthesising place facets in categories.

The open card sorting strategy (Spencer, 2009) is used by the
participants to establish their own subjective groupings of facets
assisted by the definitions extracted in the previous step. In open
card sorting, no predefined set of categories are available, and the
participants are free to make and label their own groupings. Hence,
the results usually contain different numbers of groupings and
meanings (group labels).

A convenient way to combine the results of card sorting
experiments is to use hierarchical clustering (Spencer, 2009). To
utilise hierarchical clustering, a similarity matrix is constructed,
capturing agreements where a pair of facets belongs to same group.
The results of the card sorting by the participants are thus combined
in a similarity matrix capturing whether facets are categorised under
the same category in individual groupings. In other words, the
similarity matrix captures the count of groupings where two facets
belong to the same category (Table 3). Agglomerative hierarchical
clustering (Johnson, 1967; Maechler, 2018) is then applied on the
similarity matrix and different cut-offs of the categorisation are
derived to extract a small number of meaningful higher-level groups.
The cut-offs of hierarchical clustering determine the categories of
facets derived by different groupings, and the results form a
hierarchical multi-faceted model of place. The relation between the
derived categories of different cut-offs is thus a parent-child relation.
Finally, the results of hierarchical clustering are interpreted and
reported.

3.3 results of the systematic literature review

In this section, the results of the selection, extraction, and execution
phases of the systematic literature review are reported and discussed.
The selected publications, their type, publication dates, and citations
are investigated in the first section. Next, the extracted facets, and
derived categories of facets are discussed.
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Table 3: Hierarchical clustering distance/similarity matrix

Distance Similarity Description

3 0 if the pair of facets are not in same category in
any of individual groupings;

2 1 if the pair of facets are in same category only in
one of the individual groupings;

1 2 if the pair of facets are in same category in two
individual groupings;

0 3 if the pair of facets are in same category in all
(three) individual groupings

3.3.1 Place-Related Research: Results of selection

Based on the selection and screening criteria, 72 publications were
selected for identifying and extracting place facets. Table 4 shows
the number of selected papers in each iteration. The list of selected
publications includes books, book sections, conference papers,
journal papers, and theses (Table 5).

Table 4: Number of selected papers in each iteration

Iteration #Unique Publications1 #Selected

Seed papers 2560 13

1st iteration (backward/forward) 1005 38

2nd iteration (backward/forward) 489 21

All 4056 72

Table 5: Type of publications.

Type Number of publications

Books 7

Book sections2
7

Conference papers 20

Journal papers 34

Theses and dissertations 4

One way to analyze the selected publications is based on the
publication date. Figure 7 shows aggregated counts of place-related
publications across disciplines from the 1970s to present. In the
selected publications, a trend of increasing scientific interest in place
facets is observable. In a discipline-based interpretation, the early
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Figure 7: Publication date analysis of the selected publications, by decade.

research – in the seventies to the nineties – are landmark
publications in human geography (e.g., Buttimer, 1976; Relph, 1976;
Tuan, 1977) and environmental psychology (e.g., Canter, 1977;
Gibson, 1979). Later, several publications are selected from
sociologists (e.g., Gieryn, 2000; Gustafson, 2001) in the list, and
recently, attempts to formalise and to model the notion of place in
the information science community (e.g., Adams, 2015; Papadakis,
Resch, and Blaschke, 2016; Vasardani and Winter, 2016). Hence,
following the screening, a salient sequence of scientific work are
noted progressing from initial explanations, through
conceptualisations to computational models and formalisations.

While a citation analysis of scientific publications cannot
comprehensively evaluate the quality of the academic works
(MacRoberts and MacRoberts, 1989), citation counts are often used
as a rough quantitative measure to evaluate the impact of
publications. Figure 8 shows the seventy-two selected publications,
ordered by citations counts 3. Four of the top-five most cited
publications (Cresswell, 2004; Gibson, 1979; Massey, 1994; Relph,
1976; Tuan, 1977) are all books, with the only exception (Cresswell,
2004), representing an accessible summary work written a relatively
long time ago. On the other hand, the five publications without any
citation, (Almuzaini, 2017; Calafiore, 2016; Mennis and Mason, 2016;
Papadakis, Resch, and Blaschke, 2016; Vasardani, Tomko, and
Winter, 2016) are all conference papers and a thesis that have been
written very recently. Hence, the relatively large differences (in
orders of magnitude) between the citation frequencies of
publications stem from “variation in citation rate with type of
publication, nationality, time period, and size and type specialty" as

3 The citations are collected from Google Scholar on 09/07/2018
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Figure 8: Citations of the papers selected for this literature review (log
scale).

outline in (MacRoberts and MacRoberts, 1989), in addition to the
differences in importance of their scientific contributions.

3.3.2 Place Facets: Results of Extraction

Using the extraction strategy, 116 place facets4 are extracted from the
selected literature. For each facet the facet name, the facet’s
definition/description, an example of the facet use, and a list of
publications where the facet is referenced are collected. The analysis
of the reference list of extracted facets shows that name, type, and
location are mentioned in all of the selected publications. Beyond the
aforementioned three facets, the top-five frequently mentioned facets
are affordance (e.g., Gibson, 1979; Jordan et al., 1998), activity (e.g.,
ElGindy and Abdelmoty, 2014b; Purves, Edwardes, and Wood, 2011),
meaning (e.g., Relph, 1976; Tuan, 1977), place identity (e.g., Cresswell,
2004, 2014; Entrikin, 1991), and sense of place (e.g., Buttimer, 1976;
Massey, 1994).

In several cases place facets with similar or even same names are
defined with irreconcilable definitions. For example, sense of place is
defined by Agnew (2011) as a part of a place conceptualisation,
while Vanclay (2008) defined sense of place as personal feeling,
relating to individuals rather than places themselves. Vanclay (2008)
suggested to use the term of spirit of place instead of sense of place
for describing how a place can evoke feelings. Hence, in the
extracted list of facets two different facets are listed as sense of place.
The same issue exists for place identity. While Relph (1976) defined
place identity as “persistent sameness and unity which allows that

4 The list extracted facets are provided in Appendix A
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thing to be differentiated from others", Vanclay (2008) has
considered place identity as a part of his notion of sense of place,
which is still a part of individuals’ thought about a specific place.
The issue of facets with the same name and different definitions is
only observed for sense of place, place identity, place attachment, and
qualities.

3.3.3 Categories: Results of Execution

In this section, the results of the execution phase are reported. First,
individual categorisations are discussed and compared in a pairwise
manner. Next, the similarity matrix derived from combining
individual categorisations and the final categories are presented.

3.3.4 Individual Groupings

Table 6 shows the results of individual groupings. As shown in the
table, the participants have different strategies to categorise the
collected place facets. While second and third participants identified
a top-level ontology from the collected facets, the first participant
tried to integrate these facets in a group labelled as identity and
purpose. The third participant’s categories are more detailed
compared to the other categorisations. Yet the similarity between
these categories can be noticed through shared opinions about the
spatial, physical and social groups of facets.

Pairwise comparisons of participants’ groupings using the Dice
similarity coefficient (Equation 1) are shown in Figure 9, Figure 10,
and Figure 11. The comparisons are based on the groups derived
from open card sorting, and consequently there are one-to-one,
one-to-many, and many-to-many relations between the groups. Hence,
in case that cardinality of the relationship is greater than one, the
Dice similarity coefficient would be lower compared to one-to-one
relationship case. However, this issue sources from the granularity in
different groupings, and not a disagreement between the
participants. For example, in pairwise comparison of first and
second participants’ categorisations, several one-to-many
relationships are noticeable such as: first participant: {physical
character} -related to- second participant: {form, location in space,
boundaries/path, access}; first participant: {place in relation to
human} -related to- second participant: {social, purpose/affordance}.

Similarity(X, Y) =
2× |X∩ Y|
|X|+ |Y|

(1)
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Figure 9: Pairwise comparison of grouping by first and second participants.
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Table 6: Participants’ groupings of the extracted facets

Participants Group Name (Frequency)

First participant Identity and Purpose (6)

References and Descriptors (13)

Physical Character (38)

Place in Relation to Human (46)

Type (8)

Place and Space (3)

Properties (2)

Second participant Top Level Ontology (3)

Type/Identity/Referencing (13)

Location in Space (11)

Form (19)

Boundaries/Path (12)

Purpose/Affordance (20)

Access (2)

Social (36)

Third participant Top Level (2)

Behavior (6)

Individuals (14)

Groups (10)

Space (7)

Time (3)

Location (11)

Function (15)

Classification (9)

Relation to Other Places (5)

Physical Properties (25)

Identity (9)

3.3.5 Hierarchical Clustering

Figure 12 shows the reordered similarity matrix based on
categorisation agreement. The categorisation agreement is derived
using the similarity values presented in Table 3. The agreement
value shows how many participants agreed that i-th and j-th facets
of the matrix belong to the same category. The reordered similarity
matrix shows a strong clusters of facets that can form categories of
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Figure 11: Pairwise comparison of grouping by second and third
participants.

facets based on the participant opinions. Later, this similarity matrix
is used to derive hierarchical clustering that combines participant
opinions.

Using the agglomerative clustering, a set of integrated hierarchical
categories are derived. Figure 13 shows the hierarchical categories
derived from the dendrogram of the hierarchical clustering.

3.4 a multi-faceted model of place

The multi-faceted model of place is the results of the interpretation
of the hierarchical clustering (as shown in Figure 13). This model
of place differentiates three types of facets in the coarsest level of
hierarchy: primitive facets, derived facets, and linguistic facets.

The rationale behind this typology is the fact that while ‘primitive’
facets are about particular aspects of place (e.g., its relation to
people), ‘derived’ facets have mixed meanings in a way that they can
be derived from a combination of primitive facets. On the other
hand, linguistic facets such as place names have different objectives
(i.e., referring and describing) compared to primitive and derived
facets. Consequently, due to their differences as references to places
compared to properties of places, they should be categorised in a
different category. In the reminder of this section, the primitive,
derived, and linguistic facets are discussed.
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Figure 14: The result of hierarchical clustering of primitive facets.

3.4.1 Primitive Facets

The two upper levels of categorisation for primitive facets are shown
in Figure 14. In the top level, the primitive facets are divided into
anthropocentric and geographic groups. Then the former group is
divided into emotive and functional groups and the latter is split to
physical and spatial groups.

The defining distinction between anthropocentric facets and
geographic facets (Figure 14) arises from the perspective on the notion
of place. The anthropocentric group contains facets that capture the
relationships of individuals, or groups of people with places; while
the geographic group captures facets describing spatial and physical
properties of places. In addition, this division reflects the
discipline-specific perspectives on place: while selected publications
in human geography and social science literature are usually
primarily studying facets in the anthropocentric group, publications
selected from architecture and geospatial science primarily (but not
exclusively) focus on facets in the geographic group.

3.4.1.1 Anthropocentric Facets

The relation between people and places underpins this grouping of
facets. In her ontologies of geographic information (Couclelis, 2010),
Couclelis named the facets of an agent-environment relationship as
agentive dimension. In Gustafson (2001)’s conceptualisation, self,
other, self-other, self-environment, other-environment, and
self-other-environment are all related to the facets in this category.
According to Gustafson’s definition, the difference between the self
and the other is the difference between individual’s feelings and
thoughts, and social roles and functions. Here, the sub-division
between the individual and the social perspective is made after
differentiating anthropocentric facets into functional facets, and
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emotive facets. Functional and emotive facets are differentiated by
the distinction between what potential activities a place can afford as
opposed to what emotional attachments and feelings it triggers amongst
people.

anthropocentric functional facets This category can be
further sub-divided into two sub-categories: affordance and activity,
and function. The contrast rule that is used for structuring this
category to sub-categories stems from differentiating between the
relation of people and places and (social) groups of people and
places. While affordances are referring to individual-based answers
to what a place can afford; function is defined as a less subjective
answer to this same question (Papadakis, Resch, and Blaschke, 2016).

The term affordance was first introduced by Gibson (1979) to
describe the relation between an agent and an environment, defining
affordance as a perceivable action offered by an environment to an
agent. While the concept of affordance was conceptualised for
generic notions of environment and agent; it fits well for describing
the potential interactions of a person and a place (Jonietz and Timpf,
2015). Affordance is thus one of the ways to explore the relation of
people and places – i.e., investigating a place as somewhere in the
world where specific actions and behaviors are afforded. The term
affordance has been used as a component of place models (e.g.,
Alazzawi, Abdelmoty, and Jones, 2012; Jordan et al., 1998) and
formal ontologies (e.g., Ballatore, 2016; Scheider and Janowicz, 2014).
The affordance itself has been investigated and modelled, and
ontologies have been proposed to capture affordance information
(e.g., Galton, 2010; Ortmann and Kuhn, 2010).

Activity and locale are terms with relatively similar meaning to
affordance in the context of place. While these terms have been
observed less frequently in the literature compared to affordance,
they are still amongst the top-ten frequently mentioned facets. While
locale and affordance have different meanings in common language,
‘locale’ is defined and used interchangeably with affordance by some
scholars (Agnew, 2011; Purves and Derungs, 2015). Unlike locale, the
meaning of ‘activity’ is differentiated from affordance in the
literature. Activity and affordance are different, reflecting what
action is actually performed in a place, as opposed to what actions are
possible or supported by a place. Researchers argue that the difference
between activity and affordance is related to whether the actions are
performed or only potentially achievable (e.g., Ortmann and Kuhn,
2010; Scheider and Janowicz, 2014). Note, however, that these terms
are often used interchangeably and readers are encouraged to
critically evaluate what authors mean (e.g., Alazzawi, Abdelmoty,
and Jones, 2012). Models and ontologies designed for activity (e.g.,
Das and Winter, 2016; Kuhn, 2001) often manifest similar design
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patterns with models and ontologies of affordance, e.g., complex
affordances or activities are modelled as a combination of more
primitive affordances or activities (Das and Winter, 2016; Kuhn, 2001;
Ortmann and Kuhn, 2010).

Action and behavior belong to the sub-category of affordance
within the functional facets group. Jonietz (2016) discussed the
relation of activity, action, and behavior based on definitions from
Werlen (2003). The term behavior denotes activities that are related to
mechanical movement, while actions are the activities that are
intentional and goal-oriented (Jonietz, 2016; Werlen, 2003).
Furthermore, Jonietz (2016) formalised activities by considering
feasibility of an activity in a place in conjunction with taking the
suitability of the place for the activity into account. Moreover, he
argued that quality of a place is directly influenced by feasibility and
suitability of place for different activities (Jonietz, 2016; Jonietz and
Timpf, 2015). Analogically to Jonietz (2016), Hockenberry (2006)
formalised the notion of place by modelling activities, by
considering valuation and object of activities for capturing information
about places. For example, eating as an activity which can be
performed in a restaurant is supported by objects such as meal or
food, and the valuation is modelled as a rating which defines how
well the activity is performed in the restaurant from a subjective
view of a person (Hockenberry, 2006).

Function (Markus, 1987; Papadakis, Resch, and Blaschke, 2016;
Stefano De, Stefano, and Tumasch, 2015) is a facet of place
describing what a place can afford to a group of people (Papadakis,
Resch, and Blaschke, 2016). Hence, function, as a facet of place,
conveys shared meaning compared to activities and affordances.
Several scholars have used other terms, such as service (Alazzawi,
Abdelmoty, and Jones, 2012; Winter and Truelove, 2013), functional
properties (Vasardani, Tomko, and Winter, 2016), functional
differentiation (Canter, 1997), and event (Roche, 2015) with relatively
equivalent meanings to function. Social role, and social dimension of
place are other terms used to describe impacts and contributions of
places on social groups (Ballatore, 2016; Calafiore, 2016). For
example, a shopping mall as an urban place provides a social role of
trading to people in the society (Calafiore, 2016).

One way to model functions and social roles of places is to
investigate the interaction between people and place in terms of time
(Adams and Janowicz, 2015; Janowicz, 2012; Janowicz, Scheider, and
Adams, 2013; Ye et al., 2011). The temporal band, as defined by Ye
et al. (2011), relates to temporal patterns of visiting specific places
for particular activities. Accordingly, the functional differentiation of
places can be derived from temporal patterns, e.g., the temporal
pattern of visiting a restaurant to eat is different from the temporal
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pattern of going to a bar based on days of the week, and hours of
the day (McKenzie and Adams, 2017; Ye et al., 2011).

anthropocentric emotive facets The shared meanings of
numerous facets relating places to people’s feelings and emotions
underpins the differentiation of the group of emotive facets. By
studying the definitions of these facets, a noticeable differentiation is
identified among them – i.e., whether the purpose of the facet is to
capture place-related emotions as a purely subjective (individual)
relationship, or to capture a more shared, objectivisable relationship
between the place and a group of people. Hence, similarly to the
division of functional facets, emotive facets can be sub-divided into
two groups: 1- attachment and sense of place, capturing the
subjective emotional relationship between a single person and a
place (e.g., home for the owner); and 2- theme, social bonding, and
cultural attachment, with its facets capturing emotional bonding of a
group of people to a place (e.g., country for citizens).

Sense of place and attachment are the main facets of the subjective
subgroup of the emotive category. While sense of place captures how
a place feels to an individual (Agnew, 2011; Cresswell, 2004),
attachment is related to positive feelings and bonding of a person to a
particular place (Scannell and Gifford, 2010). Hence, attachment and
sense of place contrast: attachment captures positive feelings, while
sense of place describes a less structured range of emotions from
positive to negative through neutral or hard to categorise ones. This
underspecification of these two facets leads to a lack of solid
agreement on the relationship between these two facets. For
example, the definition of sense of place by Vanclay (2008)
encompasses attachment, dependence, familiarity, commitment, and even
place identity; while an overlap of meanings is observable between
attachment and sense of place by Scannell and Gifford (2010).

In the literature, alternative terms have been proposed for
describing emotional relationships between a person and a place
such as spirit of place (Vanclay, 2008), and sentiment (ElGindy and
Abdelmoty, 2014a,b) related to sense of place, and topophilia (Tuan,
1990), emotional attachment (Mennis and Mason, 2016), bonding
(Alazzawi, Abdelmoty, and Jones, 2012; Kyle, Graefe, and Manning,
2005), and place affect (Kyle, Graefe, and Manning, 2005) similar to
the attachment. Consequently, the emotional bonding and
attachment of a person to a place can be related to saliency in a
personal view (Almuzaini, 2017). The impact of attachment in
saliency, as the importance of a place to an individual, have been
studied and reported in several studies (e.g., Jorgensen and
Stedman, 2001; Kyle et al., 2004).

Several scholars have investigated the emotional relations between
society and places by generalising the facets of attachment and sense
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of place from individuals to higher social groupings. They thus
investigated shared feelings between a group of people to specific
places. The terms proposed are spatial value (Quesnot and Roche,
2015), as the value of a location to a society, social elements (Scannell
and Gifford, 2010), and specificity (Scannell and Gifford, 2010).
Spatial value was defined as the total value of a location to people
(Lussault, 2003; Quesnot and Roche, 2015). In the same view, the
terms social elements and specificity were defined as descriptions of
social prominence of a place. They have considered a direct
relationship between prominence and people’s feeling to a place
(Scannell and Gifford, 2010). While the term social elements is defined
as prominence of a place at societal levels, specificity is denoted as a
measure of how a place is differentiated from other places with
respect to people’s attachment to the place (Scannell and Gifford,
2010).

Social bonding and cultural attachment lead to prominence and
saliency (Almuzaini, 2017) of places. One way to think of saliency is
to view it as an answer to how successful a place is in initiating
emotional bonding of people to the place, compared to other places
(Almuzaini, 2017). While saliency is categorised as an emotive facet,
the cause of a place’s saliency can be rooted in other facets of the
place, such as physical attractiveness (e.g., aspect of design for a
church), functional aspects (e.g., the function of a hotel), and even
spatial properties (e.g., height for a building) (Nothegger, Winter,
and Raubal, 2004).

3.4.1.2 Geographic Facets

This category, the other top-level category in Figure 14, encompasses
physical, and spatial properties of places. The facets in this group
are related to where a place is, and what does a place look like. The
category of geographic facets comprises characteristics of place
described as environment, physical setting, physical elements, structural
properties, and formal dimension in the conceptualisations of place
proposed by Gustafson (2001), Relph (1976), Scannell and Gifford
(2010), Vasardani and Winter (2016), and Couclelis (2010),
respectively.

The group of geographic facets can be further divided based on
the concepts underpinning its facets –i.e., whether the facet is
related to form and material properties such as physical features and
form (e.g., Jordan et al., 1998; Vasardani, Tomko, and Winter, 2016;
Vasardani and Winter, 2016), or associated with spatial properties
such as location and boundary (e.g., Montello et al., 2003; Vasardani
and Winter, 2016; Winter and Freksa, 2012). Several facets, such as
positive space, local symmetries, the void, alternating repetition, good
shape, strong center, and echoes which are all parts of the place
properties model (Vasardani, Tomko, and Winter, 2016; Vasardani
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and Winter, 2016), cannot be assigned to one of the sub-categories
due to their mixed spatial and physical meaning. For example, local
symmetries can be evaluated based on form, from an architectural
perspective, and at the same time local symmetries may relate to
particular spatial properties in spatial information sciences. The
aforementioned facets therefore belong to this level of categorisation
and can currently not be sub-divided into finer levels.

geographic physical facets Physical facets have been
referred with different terminologies such as physical dimension
(Ballatore, 2016), physical features (Jordan et al., 1998), material form
(Gieryn, 2000), and aspect of design (Canter, 1997). Physical facets can
be defined as any type of information related to structure, material,
form and architectural style of a place (Ballatore, 2016; Vasardani,
Tomko, and Winter, 2016). Physical facets thus capture what a place
looks like based on the common senses. While the question can be
answered in different ways, two noticeable types are observed in the
literature: referring to style and form, and structure and parts. For
example, the possible answers to the specific question: “What does
your home look like?" can be answered by relating to style and form:
“It is an old Victorian building"; or in terms of parts and structure:
“It is spacious, it has three bed rooms, a hall, and a big kitchen".

Form (Canter, 1997; Markus, 1987) is a facet describing how a place
looks like with respect to architectural and morphological aspects.
One of the properties of place is known as not separateness
(Alexander, 2002; Vasardani and Winter, 2016). The not separateness
assures the coherence of the whole (Alexander, 2002). While not
separateness is not only about morphological aspects of a place, it can
be applied to the notion of form. The previous example, “an old
Victorian building", is grounded in ‘not separateness’ – i.e., in a way
that the home is referred to as a single object (a whole) with shared
properties that apply to the whole: the age of the building, and its
Victorian architecture. Roughness (Alexander, 2002; Vasardani and
Winter, 2016) is another facet relating to form. It is defined as
imperfections in a way that one can notice similarity but not
identicality of form within a place as a whole (Alexander, 2002) –
e.g., a wooden fence around a suburban house constructed from
woods with different colors and different wood types, but captured
and perceived as a whole.

Parts (Tversky and Hemenway, 1983), constitutive dimension
(Couclelis, 2010), and composition (Papadakis, Resch, and Blaschke,
2016) are facets with similar meanings related to the internal
structure of a place. Thus, a place be considered as a container of
other places (Scheider and Janowicz, 2010) (e.g., a home has rooms,
and a country has states or provinces), and consequently what does
a place look like can be answered through references to its parts.
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Despite using not separateness for determining a place based on form,
here contrast and gradient (Alexander, 2002; Vasardani and Winter,
2016) are used for describing a place based on its parts. Contrast is
defined as variation of properties between elements or parts of a
place, and gradient is referred to gradual changes which one can
observe in the structure of a place from one part to another
(Alexander, 2002). Analyzing a place based on its part can be
evaluated through simplicity and inner calm, and deep interlock and
ambiguity (Alexander, 2002; Vasardani and Winter, 2016). A place in
which its parts can be simply linked and understood is a coherent
whole supporting the criteria of simplicity and inner calm, and on the
other hand, when the parts interpenetrate in linking together, it is
described as deep interlock and ambiguity (Alexander, 2002).

geographic spatial facets Spatial facets anchor a place in
space. Spatial band (Janowicz, Scheider, and Adams, 2013), spatial
properties (Vasardani, Tomko, and Winter, 2016; Vasardani and
Winter, 2016), and space (Markus, 1987) are generic terms proposed
for any type of properties describing relationships between places
and space. These spatial facets can be further divided into
sub-groups that can be used to investigate 1- a place located in
space, 2- the meaning of place in relation to space, and 3- the spatial
relationships between places. While the first sub-group of facets
describes places in isolation and captures mostly at which locations
the place is found (e.g., Agnew, 2011; Goodchild, 2011), the second
sub-group refers to facets that focus on generic relation of place and
space such as scale of interaction (Canter, 1997). Finally, the third
sub-group includes facets about spatial relationships between places,
often conceptualised as objects, such as containment (Scheider and
Janowicz, 2010; Scheider and Purves, 2013; Winter and Freksa, 2012),
and equipment (Scheider and Janowicz, 2014).

Location is one of the facets mentioned in all publications.
Locational information of a place is the answer to where-questions
that are asked in a wide range of situations, from our everyday life
to human-machine interactions. It is therefore no surprise that
locational information is the primary part of different place models.
Localisation (Scheider and Janowicz, 2014), footprint (Goodchild,
2011), and geographic location (Gieryn, 2000) are terms related to
location. Localisation is closely associated with another facet of
place, i.e., boundary (Vasardani, Tomko, and Winter, 2016; Vasardani
and Winter, 2016; Winter and Freksa, 2012). Based on the Jordan
curve theorem, a boundary partitions space into three segments, the
boundary itself, an inside, and an outside (Hales, 2007). However,
unlike mathematical geometries, places in the geographical world do
not necessarily have well-defined, crisp boundaries (Montello et al.,
2003; Winter and Freksa, 2012). Unlike administrative places which
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are defined by crisp boundaries, people have vague and subjective
perceptions of boundaries for the socially-constructed places such as
downtown (Hollenstein and Purves, 2010; Montello et al., 2003;
Smith and Varzi, 2000), for natural places such as a mountain (Jones,
1959), and in natural communication where boundaries are often
irrelevant.

The second subcategory of spatial facets are related to the notion
of scale. Scale of interaction (Canter, 1997), spatial level (Scannell and
Gifford, 2010), and level of scale (Vasardani, Tomko, and Winter, 2016;
Vasardani and Winter, 2016) are terms for capturing the meaning and
even the existence, of the scale of places. Due to aggregation and
abstraction, places do exist only in certain scales or levels of detail.
For example, when investigating global trading behavior places such
as shopping malls or grocery stores are irrelevant, even though they
are perfectly matched with the functional purpose of the study. In
addition, people’s bonding to places is scale dependent: There seems
to be a U-shaped relationship between the strength of attachment
and scale of interaction (Lewicka, 2010). In other words, (Lewicka,
2010) has found that for five types of places (i.e., apartment, building,
neighborhood, city district, and city) the attachment to apartment and
city are higher than the building, neighborhood, and district.

Due to the importance of scale for the analysis of places, multiple
scale schemas were developed to formalise qualitative ordinal
progressions of scale through a finite set of levels grounded in
human relationships with objects and environments (e.g., Montello,
1993; Richter et al., 2013). For example, the schema of scale
presented by (Richter et al., 2013) includes seven levels – from the
finest level of furniture, through room, building, street, district, city,
and finally with the coarsest level country.

The last sub-category of spatial facets is related to spatial
relationships between places. These facets are not properties of an
isolated place but focus on the relationships of places with each
other. Containment (Scheider and Janowicz, 2014; Winter and Freksa,
2012) and other mereological (part-of) and topological relationships,
other qualitative relationships (e.g., nearness, cardinal directions),
and metric relationships (e.g., distances) belong to this category
(Kim, Vasardani, and Winter, 2016; Vasardani et al., 2013). In
addition, equipment (Scheider and Janowicz, 2010, 2014) is
categorised as a spatial facet here. Equipment of a place determines
what are the things associated with the place, in terms of spatial
relationships, often in form of things contained in/at a place with a
purpose to facilitate specific activities (Scheider and Janowicz, 2010,
2014). As an example, a laboratory at the University is equipped
with computers.

Spatial properties of a place with respect to other places project
into a facet known as accessibility (Ingram, 1971; Winter and Freksa,
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2012), or spatial accessibility (Carmona et al., 2012; Jonietz, 2016). In
geography, accessibility has often been evaluated by mathematical
methods based on mutual spatial relationships of places. Ingram
(1971) distinguishes two types of accessibility, 1- the relative
accessibility which is a measure related to accessibility of a location
in space with respect to another location, and 2- the total, or integral
accessibility of a location in space which is the integration of relative
accessibilities to all other locations. Despite the sophisticated
mathematical formalisations of accessibility, people’s choices for
movement from one place to another are also influenced by their
experiential knowledge of places’ accessibility (Mondschein,
Blumenberg, and Taylor, 2010). Due to importance of accessibility in
human experiences of space, Jonietz (2016) considered accessibility
of places as one of the major factors in evaluating their qualities.

3.4.2 Derived Facets

Derived facets are the result of integration of primitive place facets.
A facet such as meaning (e.g., Buttimer, 1976; Canter, 1997; Gustafson,
2001) can be interpreted in a multitude of ways, for example as its
functional role for a person, or a society, or as the strength of
attachment for the place with regard to a person, or a part of the
society. The part of meaning that is specifically related to
people-place relations has also been called investment of meaning and
value (Gieryn, 2000; Vanclay, 2008). However, physical and spatial
facets of a place all have impacts on meaning. Physical facets capture
the visual attractiveness and distinctiveness of a place, and
accessibility and geographic location determine how easy it is to be
inside or nearby of the place. Hence, when place is defined as part of
space with shared meaning (Cresswell, 2004), meaningfulness is
derived from a combination of primitive facets related to objective
and subjective nature of the place. For example, the meaning of a
‘home’, a ‘restaurant’, a ‘mountain’, and a ‘path’ are related mostly
to their emotive, functional, physical and spatial facets, respectively.
In addition, sometimes, specifically for landmarks, the meaning of a
place may be related to its symbolic representation (Jordan et al., 1998),
e.g., the Statue of Liberty as an icon of freedom.

Identity (e.g., Entrikin, 1994; Relph, 1976; Tuan, 1977) is another
derived facet frequently mentioned in the literature. Shared identity
of a part of space enables the emergence of a place in a process of
place-making. Spatial identity (Quesnot and Roche, 2015), and
identification (Scheider and Janowicz, 2014) are other terms with
equivalent meanings to identity. Identity and meaning relate to each
other like cause and effect. For a specific part of space, shared
identity leads to a specific meaning, and same meaning creates a
particular sense of identity (Entrikin, 1996). Using the
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aforementioned examples provided for meaning, the relation
between meaning and identity are discussed. The shared identity of
a ‘path’ is mostly rooted in the spatial configuration of connecting
two other places. Similarly, for a mountain the shared identity is
primarily related to morphological properties and physical settings
which lead to contrasts of shape and form with its surroundings. In
the same way, a restaurant has a shared identity noticeably
grounded in its function – providing food to customers – compared
to a nearby school. Finally, a person’s home has different identity
compared to other buildings in terms of feeling safe, secure, and
comfortable. As a result, place is also defined as a part of space with
shared identity (Relph, 1976).

In the same way, telic dimension (Couclelis, 2010), place objectives
(Canter, 1997), and purpose (Papadakis, Resch, and Blaschke, 2016)
are categorised as derived facets. These facets have a similar meaning
with respect to objectives that people have with a place. Consequently,
they can be derived from a mixture of emotive, functional, physical,
and spatial facets. For example, the Avenue des Champs-Élysées in
Paris may have different purposes from the perspective of a French
citizen, a tourist, a refugee, an urban planner, and a foreign worker,
all at the same time.

Derived facets of place are also used in place formalisations and
models. Type (e.g., Goodchild, 2011), typology (Jordan et al., 1998),
classification (Scheider and Janowicz, 2014), and thematic band
(Adams and Janowicz, 2015) are the facets proposed in the different
place models for a similar purpose. These facets are defined to
differentiate generic kinds of places from each other. Consequently,
street, house, restaurant, and even country are valid examples of
place types. There is a direct relationship between the type of place
and its purposes and goals it affords to a person or a society. Hence,
a mixture of emotive, functional, physical, and spatial facets ground
the characterisation of a place as a particular type of place.

3.4.3 Linguistic Facets

Linguistic facets are the manifestations of place in language. The
difference between linguistic facets of place and the primitive and
derived facets is similar to the difference between a reference to a
place with the place itself. Linguistic facets enable us to
communicate and to share our knowledge of places, and perhaps
this is the reason why in the literature they are often confounded
with the characteristics of the places themselves. This group of facets
are the lexicon to establish annotation schema to study place in
verbal utterances.

Place is a special case of a broader notion of named entities in
language. Named entities includes abstract and physical entities that
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can be referred to by names (Nouvel, Ehrmann, and Rosset, 2016). In
models and formalisations of place, names are called place names or
toponyms. Toponyms are direct references to places. Even such direct
references to places are, however, often ambiguous (Leidner, 2007).
The ambiguity of toponyms stems from the facts that a place can have
multiple names, including vernacular and historic names, and that a
single place name can be used to refer to different places (Leidner,
2007).

Verbal reference (Montello et al., 2003; Purves and Derungs, 2015;
Purves, Edwardes, and Sanderson, 2008; Winter and Freksa, 2012) is
a linguistic facet of place that includes direct references by
toponyms as well as complex place descriptions (Winter and Freksa,
2012). For example, Mitchell Library and the library on Macquarie Street
in Sydney are both valid references to the same place, one by place
name and one by place description. The primitive types of verbal
references have been discussed in a number of publications
(Edwardes and Purves, 2007a; Edwardes and Purves, 2007b;
Scheider and Purves, 2013). These publications have defined semantic
relation to objects (also known as elements (Edwardes and Purves,
2007a; Edwardes and Purves, 2007b)), semantic relation to activities,
semantic relation to qualities, spatial relation to other places as
fundamental ways a place can be described and even localised via
language (Edwardes and Purves, 2007a; Edwardes and Purves,
2007b; Scheider and Purves, 2013). Such linguistic facets are related
to physical, functional, emotive, and spatial categories of facets,
respectively. These primitive types of verbal references can be
combined in complex verbal references known as narrative
descriptions (Entrikin, 1997; Jordan et al., 1998) including place
descriptions (Vasardani et al., 2013), route descriptions (Winter et al.,
2018), and destination descriptions (Tomko and Winter, 2009).

Spatial references (e.g., Vasardani et al., 2013; Winter and Freksa,
2012), also called spatial relations to other places (Scheider and Purves,
2013), are specific types of verbal references. In a spatial reference,
the location of a place is described with respect to other places using
qualitative spatial relationships, including topological, directional,
and qualitative distance relationships (Egenhofer, 1991; Frank, 1992).
A specific type of spatial references are addresses (Almuzaini, 2017).
Western-style addresses describe the location of a place in space in
terms of hierarchical (containment) relationship. Extracting and
formalising spatial references from textual information have been
studied by several scholars. The proposed models for capturing the
information in spatial references are built-upon three elements
which are known as a triplet –i.e., locatum, spatial relationship, and
relatum (Kordjamshidi, Otterlo, and Moens, 2011; Vasardani et al.,
2013).
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3.5 discussion

The differences between people’s knowledge of places, and the
information stored in computers has been investigated based on the
differences between the qualitative configurational knowledge of
environments captured in human place-based knowledge,
contrasting with quantitative measurements stored as geometrical
coordinates in computers (e.g., Vasardani et al., 2013; Winter, 2009;
Winter and Freksa, 2012). Importantly, these differences can be
viewed as the contrast between the subjective nature of human
experiences in terms of physical, functional, and emotive aspects
and the purely spatial, reductionist views manifested by maps. The
gap between place in information systems and people’s experiential
knowledge increasingly leads to unsatisfactory and troublesome
interaction of human and machines, e.g., in geographic Web search
(Ballatore, 2014). Hence, computational models for emotive,
functional, and physical facets of place present an important
direction to bridge the gap.

Modelling places, i.e., whether place can be modelled by
information science or not, is a current topic of debate in GIScience
(Goodchild, 2011; Merschdorf and Blaschke, 2018; Purves, Winter,
and Kuhn, 2019). While some researchers have considered place as a
concept with intrinsic complexity that cannot be captured and
formalised unless in case of very narrowly defined circumstances
(Goodchild, 2011), recently Purves, Winter, and Kuhn (2019)
developed a grounding to formalise places in information science,
based on core concepts of spatial information (Kuhn, 2012). The
multi-faceted model of place presented in this study which can be
used to extend that grounding (Purves, Winter, and Kuhn, 2019) to
fit a specific purpose. In other words, the facets, extracted from the
literature and categorised in this chapter, can be used as a list of
terminologies to extend the current grounding to fit for different
applications. In the next chapter, this model is used to classify
questions using the core concept of spatial information.

Current interactions about place between humans and computers
(e.g., geographic Web search) are still limited to gazetteer
information lookup (name, type, location), however, research can
progress by exploring the importance of multi-faceted perspective
on place for place-related human computer interaction presented
here. Rich corpora of verbal descriptions of places available from
diverse sources such as social media and blogs can be used for
improving the current state-of-the-art in place-related
human-computer interaction. The extraction, formalisation, and
processing of place information is therefore a promising direction
that can benefit from the multi-faceted model of place. The extracted
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platial information can be used in computers to imitate and support
communication about places.

Another observation of this study is the notable capability of
language to convey meaning of primitive and derived facets of place.
In contrast to map visualisations which are designed to convey
spatial information, language is a channel to express emotive
meaning, or to talk about functional and physical characteristics of
places (Derungs and Purves, 2014). A verbal place description (e.g., a
fantastic Gothic church in the South of France) can include references to
diverse facets of places, while maps are limited to purely spatial
features. However, linguistic facets are yet underexplored. For
example, linguistic facets describing tactile, sensual, and auditory
experiences of place (e.g., a quiet place) have not been studied
sufficiently in comparison to visual experiences (Chesnokova et al.,
2018). Hence, the linguistic facets can be used and extended for
developing a schema for extracting platial information from place
descriptions. Evidently, further development in language processing
techniques is the primary prerequisite for this purpose. In the next
chapter, the linguistic facets are used as a lexicon to develop an
encoding schema to study place-related questions and the
corresponding human-generated answers.

3.6 conclusion

The notion of place as a multidisciplinary topic of interest has been
investigated in the literature through different disciplines and focal
perspectives. Consequently, different terminologies,
conceptualisations and models of place have been proposed so far.
In this chapter, the notion of place in geography, social science,
architecture and GIScience is reviewed, and the results are reported
in form of a multi-faceted model place. Using the concept of facets,
these terminologies, conceptualisations and models have been
extracted from the literature. In addition, hierarchical categories of
facets are derived using a card sorting game and hierarchical
clustering.

The extraction of place facets from the literature leads to a set of
more than one hundred facets. The extracted facets have been
categorised into primitive, derived, and linguistic facets. The
primitive facets have been systematised hierarchically. In the first
level of subdivision, primitive facets were categorised into
anthropocentric and geographic facets. The anthropocentric facets
were then sub-divided into emotive and functional facets, and
geographic facets were sub-divided into physical and spatial facets.
Furthermore, the list of facets in emotive and functional categories
was discussed based on their capture of the individual vs. social
relationship with places. The physical facets have been divided into
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facets related to style and form, and structure and parts. Spatial
facets have been further discussed in terms of their capture of spatial
properties, generic relations to space (scale), and spatial relations
between places.

The relation between linguistic facets, derived facets, and
primitive facets has been introduced and discussed, outlining the
reasons for the distinction of linguistic facets in particular. The
linguistic facets provide a lexicon to establish schema for analysing
place-related verbal utterances.

The collected facets and proposed multi-faceted model place are
used in the following chapters as a grounding to design models to
investigate place-related questions and their answers. In Chapter 4,
the multi-faceted model is used to design a top-down classification
of place-related questions. In Chapters 4 and 5, the linguistic facets
are used as a building lexicon to design an encoding schema to study
a corpus place-related questions and answers. Finally, in Chapter 6,
the collected generic facets such as scale, prominence and type are
used to study human answering behaviour to where-questions.



4
U N D E R S TA N D I N G P L A C E - R E L AT E D Q U E S T I O N S

Theory without data is groundless,
but data without theory is just uninterpretable.

— Immanuel Kant

4.1 introduction

In their everyday communication people frequently ask questions
about places (Winter and Freksa, 2012). This is reflected in the
frequency of place-related queries in human-computer interaction,
e.g., Web search (Sanderson and Kohler, 2004) and question
answering systems (Li and Roth, 2006). The popularity of
conversational bots and assistants (Radlinski and Craswell, 2017)
requires a lifting from retrieving documents as response to
keyword-based queries to natural answers to NL questions.

Making place-related questions digestible for computers is the
prerequisite of enabling NL communication of humans and
computers about geographic places. Place-related questions not only
concern location (where-questions), but also encompass a wide range
of informational needs about places from their types and
affordances to their qualities. Referring to Chapter 3, any facet of
place can be enquired in place-related questions.

Extracting useful information from the questions and answers
(Srihari and Li, 2000), and classifying the questions and answers
(Hermjakob, 2001) are two fundamental tasks to make place-related
questions digestible for computers. The former determines what kind
of information is provided in place-related questions and answers.
The latter defines what kind of questions is asked and what information is
relevant to respond.

The information extraction task often involves extracting named
entities and finding their dependencies (Sun et al., 2015). While these

0 This chapter is mostly derived from “Place Questions and Human-Generated
Answers: A Data Analysis Approach” which is written by Hamzei et al. (2020). My
role as the first author of this paper was to develop the idea, design the method,
to implement some part of the method and also to write and present the paper –
except one subsection that describes a part of implementation which was written by
the second author, Haonan Li. This work was supervised by Prof. Stephan Winter (my
primary supervisor), Dr. Martin Tomko (my co-supervisor), Prof. Tim Baldwin and Dr.
Maria Vasardani who provided feedback and suggestions in every stage of this study.
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methods are useful for open-domain QA, in domain-specific QA the
questions and answers can be further investigated. In other words,
domain knowledge can be used to extract interesting patterns beyond
simple named entity categories. Yet, to derive interesting patterns an
encoding schema derived from the domain knowledge and an NLP

method to extract each type of information is required.
The classification of questions and answers are performed through

bottom-up or top-down approaches. In bottom-up approaches, the
classification derived from analysing a large corpora of questions
and answers often using supervised methods (e.g., Henrich and
Luedecke, 2007). The time consuming annotation process is the
major drawback of these methods, specially for analysing large
corpora. In top-down methods, the classification schema is designed
by experts and often rule-based methods are used to classify the
questions (e.g., Ferrés and Rodríguez, 2006; Punjani et al., 2018).
These schemas are sometimes heterogeneous due to biases in expert
opinions and lack of a theoretical grounding.

A thorough analysis of place-related questions and answer sets is
still missing, yet it is an essential prerequisite for future improvement
of question interpretation and answer generation mechanisms. This
chapter focuses on analysing and classifying place-related questions
and answers by defining a data-driven encoding approach and a top-
down method grounded in the core concept of spatial information
(Kuhn, 2012).

To extract useful information from questions and answers, the list
of place facets (see Chapter 3) are used as a building lexicon to
devise a schema of information types. Then a NLP method is devised
to extract information from the questions and answers based on the
schema. Using the encoding schema and the extracted information,
enormous questions and answers are grouped into an smaller set of
encoding representations. The encoding representations capture the
structural patterns of the questions and answers. The structural
patterns are used to study and analyse a large corpora of
place-related questions and answers, MS MARCO v2.1 (Nguyen et al.,
2016).

Using the encoding representations, a bottom-up approach is
designed to derive a classification of questions and answers of
MS MARCO. Here, the results of information extraction are used to
classify the questions and answers without performing the
time-consuming annotation task. First, the representations are
clustered to derive unlabelled categories of questions/answers. Next,
the clusters are labelled and the classes are derived using the
interpretability of encoding representations.

In the last part of this chapter, a top-down approach is proposed
to classify place-related questions. This approach is grounded in
core concepts of spatial information (Kuhn, 2012) and the
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multi-faceted model of place (see Chapter 3). Based on the core
concepts, places are conceptualised as objects (Purves, Winter, and
Kuhn, 2019), and they can also have relationships with other
concepts such as fields, networks and events. Thus the core question of
objects is used as the grounding for the theory-driven classification.
Then the relationships between places and events, networks and
fields are investigated to augment the classification with more
complex and yet important question types. Finally, the multi-faceted
model of place is used to enrich the core questions and derive the
theory-driven classification.

In the following sections, first the data-driven experiment and its
results are described. Then the theory-driven classification is
discussed. Finally, the data-driven and theory-driven classifications
are compared in the discussion and conclusions.

4.2 data-driven analysis

In this section, the data-driven approach is described, and the results
of analysing MS MARCO (Nguyen et al., 2016) questions and answers
are provided. First, the dataset is briefly introduced and later the
encoding method and results are discussed.

4.2.1 Dataset

The data-driven analysis of this chapter is based on MS MARCO V2.1
(Nguyen et al., 2016). The dataset is a representative collection of
questions (including place-related questions) and their
human-generated answers. The current version of MS MARCO V2.1
contains more than one million records1 of search question to
Microsoft Bing, including human-generated answers, retrieved
documents, and question types. The dataset identifies five types of
questions – (1) location, (2) numeric, (3) person, (4) description,
and (5) entity (Nguyen et al., 2016), but this chapter focuses
exclusively on questions and answers which are labeled as
location.

The original dataset has been divided into train, dev, and test sets.
This chapter only focuses on the train and dev subsets, with in total
56721 place-related questions. In MS MARCO V2.1,2 the relation
between questions and their answers is not necessarily one-to-one
(Nguyen et al., 2016). Thus, the questions with no answer, or more
than one answer can be found the dataset. Table 7 shows the number
of answers per question in the combined dataset, indicating that
around 22% of questions have no answer and about 2% have

1 http://www.msmarco.org

2 https://github.com/dfcf93/MSMARCOV2/blob/master/README.md

http://www.msmarco.org
https://github.com/dfcf93/MSMARCOV2/blob/master/README.md
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Table 7: Number of answers per location question in the combined dataset

Number of answers (per question) Count

0 12486

1 42884

2 1345

3 4

4 1

5 1

multiple answers (i.e., due to question ambiguity or insufficient
information in the retrieved documents).

4.2.2 Encoding Method

To analyse place-related questions and their answers, a semantic
encoding approach is devised. First, the questions and answers are
translated into an encoding representation (see Section 4.2.2.1). Next,
the questions and answers are clustered to identify common
patterns in the data, based on semantic encodings and contrasted to
a second approach based on word-embeddings. Word-embedding is
the state-of-art technique to capture the meaning of words in a
vector representation, and it has been widely used for text
classification recently (Yang, Macdonald, and Ounis, 2018). Here, the
embedding-based clustering is used to test the quality of proposed
encoding-based clustering. Finally, the relations between the
questions and their answers are explored by linking the clusters of
the questions and answers. In the following sections, the method for
generating the semantic encodings, categorizing the questions and
answers, and analyzing the relation between questions and their
answers are discussed.

4.2.2.1 Semantic Encoding

To develop a descriptive encoding schema, linguistic facets
(Section 3.4.3) are considered as the building lexicon. First, a
randomly selected 1000 questions and answers are manually
investigated to select relevant linguistic facets and devise the
encoding schema. The selected encoding classes and their relation to
the part-of-speech tags are described below:

• Place names (toponyms): Toponyms are the names assigned to
places and they are expressed as proper noun phrases to refer
to geographic places – e.g., MIT.
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• Place types: Place types are generic references that describe a
set of places with shared meaning. A type is a generic noun
phrase that refers to a group of places – e.g., university
(Edwardes and Purves, 2007b).

• Activities: Activity is a functional facet of place. In NL texts,
activities are expressed as action verbs that describe the
activities supported or allowed in some places – e.g., study
(Kuhn, 2001).

• Situations: Situation is an state, opinion or feeling associated
with places. In NL texts, situations are often expressed as stative
verbs that describe the situations related or associated to places
– e.g., feel (Mourelatos, 1978).

• Qualities: Qualities are descriptions of places that often
expressed as descriptive adjectives – e.g., warm (Edwardes and
Purves, 2007b).

• Spatial relationships: Spatial relationships describe the
configuration of places in space. Spatial relationships often
expressed as spatial prepositions in NL texts – e.g., near
(Vasardani et al., 2012).

• Non-platial objects: Places are often equipped with
non-platial objects. These objects are expressed as noun
phrases in natural language, and they are often related to
object of activities – e.g., coffee.

To differentiate types of questions, the Question words are also
considered in the encoding schema.

Table 8 shows the resulting alphanumeric encoding schema. For
example, after the removal of stop words, the question what is the
sunniest place in South Carolina is translated into the encoding 2qtrn.
This semantic encoding enables to analyze and categorize a large
dataset of questions and answers by their structural patterns. Using
the alphanumeric encodings, a significant number of questions and
answers are captured through a few set of encodings. Moreover,
using simple string matching or regular expression techniques, a
subset of the questions and answers can be derived for further
investigations.

4.2.2.2 Information Extraction

To extract place-related semantics and linguistic information from the
questions and their answers, a pipeline of NL preprocessing steps,
using the Stanford CoreNLP toolkit (Manning et al., 2014), is devised:

1. Tokenization, tagging and dependency parsing: First, the text
is tokenized, and abbreviations are expanded into their
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Table 8: Semantic representation encoding

Semantic Type Part-of-speech Code Semantic Type Part-of-speech Code

where WH-word 1 Place name noun n

what WH-word 2 Place type noun t

which WH-word 3 Non-platial object noun o

when WH-word 4 Quality adjective q

how WH-word 5 Activity verb a

whom WH-word 6 Situation and event verb s

whose WH-word 7 Spatial relationship preposition r

why WH-word 8

canonical forms by using a common place name abbreviation
table. Next, a part-of-speech tagger and dependency parser are
applied to the text.

2. Noun encoding: Nouns are encoded in the order of place
names (toponyms), place types, and non-platial objects. First,
all subsequences of a sentence are considered candidate
toponyms. These candidates are then matched with the
GeoNames gazetteer3 to extract toponyms. Compound place
names are preferred as better matches than simplex place
names. Thus, North Melbourne is a compound place name and
not an adjective followed by a place name. Next, nouns that are
not place names have been considered as candidates for place
type and the non-platial objects. Place types are identified
using dictionary lookup, and all nouns that are neither place
names, nor place types are encoded as non-platial objects. The
dictionary of generic place types is constructed by crawling the
tag values of the OpenStreetMap (OSM) spatial database,4 due
to the rich diversity of place types that are sourced from a
large, global community of active volunteers.

3. Verb encoding: In this step, verbs related to activities or
situations (states) are identified and ignored other types of
verbs, known as accomplishments and developments
(Mourelatos, 1978). To differentiate between activities and
situations, two sets of dynamic verbs (action and stative verbs)
are collected and integrated from online resources 5. Then, a
pre-trained contextualized word embedding model
ELMo (Peters et al., 2018), trained from large scale
bidirectional language models, is used to extract activities and
situations by considering contextual information. To compare
the semantic similarity between the verbs in sentences with the

3 www.geonames.org

4 https://www.openstreetmap.org

5 https://www.gingersoftware.com/content/grammar-rules/verbs

www.geonames.org
https://www.openstreetmap.org
https://www.gingersoftware.com/content/grammar-rules/verbs
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verbs in the aforementioned verb sets, first an embedding
vector for each verb in the verb set is generated. Then, for the
extracted verbs from the questions and answers, their
embedding vector representations are compared with the
vectors in the two sets. Based on the computed Euclidean
distances between the vector of the verb in a sentence with the
vectors of the verbs in the two sets, the extracted verbs are
classified as activities or situations.

4. Preposition and adjective encoding: Dependency parsing has
been used to encode prepositions and adjectives. For the
universal dependencies (De Marneffe et al., 2014) of each
sentence, case and adjective modifier (amod) dependencies for
prepositions and adjectives are extracted separately.
Prepositions anchored to a place name are encoded as spatial
relationships, and adjectives modifying a place type or a place
name are considered as qualities of places.

4.2.2.3 Question and Answer Analysis

After extracting the desired place-related semantics and linguistic
information, the questions and answers are translated into semantic
encodings. To find the categories of place-related questions and
answers, clusters of the semantic representations are computed. In
this clustering, first a randomly select 1024 different encodings from
the unique set of all semantic encodings are analysed and
subsequently re-modelled into the semantic encodings of the
questions/answers as 1024-dimensional vectors. The values in these
vectors are calculated based on the Jaro similarity (Jaro, 1989)
between the semantic encodings of the questions/answers and the
selected encodings. The Jaro similarity simj of two strings s1, s2 is
given in Eq.2:

simj =

 0 if m = 0
1
3

(
m
|s1|

+ m
|s2|

+ m−t
m

)
otherwise

(2)

where |si| is the length of string si, m is the number of matching
characters, and t is the number of transpositions. Specifically, two
characters from two different strings are considered to match if they
are the same and not farther than

⌊
max(|s1|,|s2|)

2

⌋
− 1. The number

of matching characters (but different sequence order) divided by 2,
defines the number of transpositions.

Next, k-means clustering is applied to the questions and answers,
separately. To measure whether the semantic representations retain
the contextual similarity of the sentences, the ELMo representations
for the questions and answers are used with the same similarity
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measure and clustering technique to provide a second set of clusters.
The similarity of the clustering based on the semantic encodings and
ELMo-based clusters is then evaluated. The results of clustering are
also human-interpreted using the most frequent encodings in each
cluster, enabling to derive the categories of place-related questions
and answers.

In addition to categories of the questions and answers, frequently
extracted place-related semantics are further analysed. Moreover, the
geographical distribution of the identified places using GeoNames
are investigated to provide a deeper understanding of the dataset. In
order to disambiguate between candidate toponyms, the place
names from the question with those in the corresponding answers
establish a geographic context and later this set is used to localise
and disambiguate the place names. The set of geospatial groundings
that is associated with the minimum total distance between the
toponyms is selected. In the case of a single toponym, this method
cannot be applied. Consequently, only the resolved toponyms are
used for describing the geographical distributions of the dataset.
Finally, the relation between the questions with unresolved
toponyms and unanswered questions is investigated.

4.2.2.4 Question/Answer Relationship

The links between categories of questions to categories of answers
are investigated the analyse relationship between the content of place-
related questions and their corresponding answers. As a category of
place-related questions can be answered using one or more categories
of answers (and vice-versa), the cardinally of the links are considered
many-to-many.

The same approach to categorization of questions and answers is
also applied to concatenated question-answers. Finally, the result of
linking categories of questions and categories of answers is
compared with concatenated categories. For questions with multiple
answers, multiple concatenated encodings are generated and
investigated, while questions with no answers are concatenated with
a unique pattern (oo).

4.3 data-driven results

In this section, the extracted place-related semantics, geographical
distribution of places and the classification of questions and answers
are presented. First, the preliminary results of analysing MS MARCO

dataset presented, then the encodings and frequent patterns are
described. Finally, the classification of question, answers, and
question-answer pairs are provided.
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Encoding class Precision Recall

Place names 92.04% 88.63%

Types 72.02% 87.84%

Qualities 70.23% 67.24%

Spatial Relationships 95.18% 53.14%

Activities 56.44% 75.37%

Situations 52.35% 79.17%

Table 9: Evaluation of encoding extraction

4.3.1 Preliminary Analysis

Place-related questions are constructed with a small number of
tokens, and their answers are mostly short descriptions. The
tokenization and sentence segmentation show that 95.71% of
questions contain less than ten tokens, and 98.17% of their answers
are formulated with one, two, or three sentences.

4.3.1.1 Extracted Place-Related Semantics

Table 9 shows the results of the evaluation for encoding extraction.
The test dataset includes 500 question-answer pairs that are randomly
selected from the MS MARCO dataset. The annotated test dataset is
then compared to the results of the information extraction method.
As shown in the table, the extraction of place names and types are
highly precise. Spatial relationships are precisely extracted but the
recall is low due to complex relationships that are not necessarily
prepositions – e.g., cross or flow. Moreover, the result shows that even
state-of-the-art word embedding models are not performing well in
the extraction of activities and situations.

Table 10 shows the top-five most frequent values extracted from the
questions and answers for each type of place-related semantics. The
dataset manifests a geographical bias to places in the USA.

The frequent patterns of place types and place names shows that
places in coarse geographical scales are dominant in the questions and
their answers – i.e. mostly in country and state levels of scale. The
frequency of activities and situations in the questions is notably
higher than in the answers. In other words, people use activities and
situations as criteria to describe the intended places in the questions
rather than asking about activities and situations happening in a
place –i.e., where is the place with particular situation/affordance is more
often asked than what is the affordance/situation of a specific place. Thus,
a set of detailed characteristics of a place may be specified in the
question, leading to a simple answer with nominal references.
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Table 10: Top-five frequent place-related semantics extracted from the
dataset. Frequency in brackets.

Encoding type in Questions in Answers

Place name California (1393) United States (4845)

Texas (1391) California (1482)

Florida (1148) Texas (989)

New York (895) Florida (961)

Illinois (692) New York (894)

Type County (11702) City (1714)

State (2291) State (1653)

City (1630) County (1438)

Zone (745) Area (882)

Region (653) Region (758)

Activity Buy (340) Go (64)

Go (296) Run (62)

Play (120) Leave (55)

Build (88) Build (53)

See (86) Move (38)

Situation Find (1412) Find (695)

Live (746) Have (405)

Have (662) Live (305)

Grow (321) Include (231)

Originate (237) Originate (125)

Spatial relation In (3916) In (10851)

Near (153) On (379)

At (142) At (362)

On (109) Near (275)

Between (38) Between (251)

Quality Largest (242) Largest (121)

Biggest (106) Census-designated (68)

Highest (97) Metropolitan (54)

Expensive (56) Small (46)

Beautiful Coastal (36)

Table 10 shows large differences between the frequencies of spatial
relationships extracted from questions, and those extracted from
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Table 11: Statistics of extraction and disambiguation process

Number of Places Percentage

All 305868 100%

Possible to resolve 242375 79.2%

Ambiguous 63493 20.8%

answers. The reason is the use of spatial relationships for
localization of places. Finally, the qualities included in questions and
answers differ. In questions, qualities are used as criteria for
identifying or describing the intended places, with most of the
values being superlative adjectives. However, qualities in answers are
mostly used to provide additional information about intended
places or to describe particular places using combinations of quality
and type – e.g., coastal region, or metropolitan area.

4.3.1.2 Toponym Resolution and Geographical Distribution

Tables 11 and 12 show that 79.2% and 68.1% of extracted places
and question/answers records can be disambiguated, respectively.
Figure 15 illustrates the geographical distribution of resolved places
in the questions and answers. The spatial bias in the geographical
distribution of places is visible. This spatial bias can be an artefact of
the monolingual English dataset, population distribution of users of
the source search engine (Microsoft Bing), or unknown question
sampling from the overall Bing logs used to generate this dataset.

The comparison of resolved/unresolved and
answered/unanswered records shows a strong relationship between
ambiguous questions and unanswered questions. Table 12 shows the
contingency table of this relation, revealing that 72.4% of
unanswered questions are ambiguous (9042 records out of 12486

unanswered questions), and 50.0% of ambiguous questions are not
answered (9042 records out of 18093 ambiguous question/answer
records). Hence, while people can interpret ambiguous toponyms
considering other factors, such as salience of places, and they can
answer half of the ambiguous questions, spatial ambiguity is one of
the major reasons for unanswered questions. These questions may
still be interpretable in context, yet this context is lacking in the
MS MARCO dataset.

4.3.2 Frequent Patterns

Tables 13 and 14 present the top-five frequently observed semantic
representation patterns. More than 40% of questions and answers
can be described using the top-five representations. The top-five
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Table 12: Contingency table of ambiguous/resolved and
unanswered/answered questions

Answered Unanswered Sum (percentage)

Resolved 35184 3444 38628 (68.1%)

Unresolved 9051 9042 18093 (31.9%)

Sum (percentage) 44.235 (78%) 12486 (22%) 56721 (100%)

Figure 15: Geographical distribution of resolved toponyms in questions and
answers

encodings for questions show that most of the spatial relationships
are implicitly provided, e.g., Barton County, Kansas instead of Barton
County in Kansas. In addition, the top-five questions are semantically
different, first in terms of What and Where questions, and second in
the manner the intended places are described. In questions with the
semantic encoding 2tnn and 2tn the intended places are defined by
type and spatial criteria, while questions with encoding 1n and 1nn

use toponyms as verbal references to intended places with the aim
to find information about their locations. Finally, pattern 1o, which
is related to implicit situations (e.g., where are orangutans instead of
where do orangutans live), or to non-geographical places (e.g., where is
the key button), is frequently also observed.

The most frequent patterns in answers provide evidence that
people answer questions concisely. A single place name, which can
be a compound or simple noun, is the answer for more than one
quarter of the questions. Evidently, this may be also an artifact of the
interface used by people to answer the questions (presumably,
keyboard). In addition, implicit spatial relationships between places
(e.g., nn as for Tigard, Oregon) are also more frequent in answers than
explicit spatial relationships. Interestingly, one of the frequent
patterns of answers is related to non-geographical places, such as
Hebrew as an answer for a where question about languages.
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Table 13: Frequent encoding patterns in questions

Pattern Percentage Example

2tnn 12.5% What is the county for Grand Forks North Dakota

1n 8.6% Where are the Boise Mountains

1nn 7.8% Where is Barton County Kansas

1o 5.7% Where are ores located

2tn 5.5% What is county for Seattle

Table 14: Frequent encoding patterns in answers

Pattern Percentage Example

n 26.2% Germany (question: What country were
gummy bears originally made in)

o 6.2% Hebrew (question: Where did letter j originate)

nn 4.2% Warren County, United States (question:
Where is Lacona Iowa)

rn 2.3% In Worcester County (question: What county
Fitchburg Massachusetts)

nrnn 2.3% Penhook is in Franklin County Virginia
(question: What county is Penhook Virginia in)

4.3.3 Categorizations of Place-Related Questions/Answers

To identify distinct types of place-related questions and answers, a
clustering approach is used with manual interpretation based on the
semantic encodings of the results. The same clustering technique has
been used for finding clusters of questions and answers based on
word embeddings and semantic encodings. The Calinski-Harabasz
score (Caliński and Harabasz, 1974) is calculated to find the
optimum number of clusters. The score has been computed for all
clusterings in the range of 2-30 clusters. For both word embedding
and semantic encoding approaches and for both questions and
answers, the score is optimal for three clusters. Importantly, the
results of clustering using semantic encoding and word embedding
are highly similar, with a one-to-one relationship between the
clusters with a 71.2% to 87.8% similarity using the Dice coefficient.
To avoid presenting redundant information, the results of clustering
based on semantic encoding which enables easier interpretability are
reported in this chapter. The results of the clustering for questions
and answers are interpreted manually using the most frequent
semantic encodings of each cluster.
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Table 15: Types of questions

Type Percentage Frequent Patterns

Non-spatial 41.5% 2tnn, 2tn, and 2tno

Questions not aiming at localisation
of places

Spatial 23.1% 1n, 1nn, and 1nrn

Qquestions about the location of
places

Non-geographical, and
ambiguous

35.4% 1o, 1os, and 1oo

Questions about non-geographical
places (e.g., fictional places) or
ambiguous questions

Tables 15 and 16 present the categories of questions/answers, and
their overall percentage. The results show that questions differ in
terms of intention and formulation. The first two types, non-spatial
and spatial questions, relate to geographical places. The third type of
questions is related to non-geographical entities such as virtual
places (e.g., Marvelous Bridge, a place in the Pokemon World), and
places in different types of space (e.g., liver, an organ in the space of
the human body). In addition, non-spatial and spatial questions
differ in the way the intended places are described in the questions.
While in non-spatial questions places are described using place
types, affordances, and situations, spatial questions mostly
constructed using toponyms as a direct reference to the intended
places. In the first and second types of questions, spatial
relationships to other places are frequently observed implicitly (e.g.,
2nn, and 1nn), as well as explicitly (e.g., 1nrn, and 2trn).

The answers are also classified into three categories (Table 16).
There is a noticeable difference between answer patterns relating to
geographical and non-geographical places (the first two vs. the third
category of answers). The difference between the first two categories
of answers derives from how the answer is formulated, using names
and implicit relationships, or with spatial relationships which are
explicitly mentioned in the answers. Moreover, the category of
implicit localization includes notably fewer distinct semantic
encodings — only 0.3% of all unique encodings, while the explicit
localization category contains most of the patterns, 97% of all unique
encodings. In other words, a broad range of simple to complex
spatial descriptions are categorized as explicit localization. For
example, rnn as for in Nova Scotia Canada, and rntrnntrnnn as for in
Monett township in Barry County and Pierce township in Lawrence
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Table 16: Types of answers

Type Percentage Frequent Patterns

Explicit localization and spatial
descriptions

25.8% nrnn, rnnn, and rnn

Implicit localization 42.5% n, nn, and nnn

Non-geographical, and
unanswered

31.7% oo, o, and ooo

County Missouri United States both are categorised as explicit
localizations.

4.3.4 Question/Answer Relationships

To investigate the relation between place-related questions and
answers, two different scenarios are taken into account. First, the
relation between types of questions and answers are explored. Next,
the concatenated encodings of questions and answers are
investigated using a clustering approach and manual interpretation
of the frequently observed patterns in each cluster.

4.3.4.1 From Questions to Answers

A many-to-many relationship between categories of questions and
answers is considered and presented as a contingency table
(Table 17). Spatial questions are mostly answered with implicit
localization answers and are less ambiguous than non-spatial
questions. This is because they are formulated with direct references
to the intended places through toponyms. Non-spatial questions are
more ambiguous and are mostly answered through complex
descriptions or remain even unanswered. For example, what are the
best airports in Southern Utah? is unanswered in the dataset, and it
cannot be answered without describing what best means here.

The relationships between non-geographical and ambiguous
questions and implicit and explicit localization answers are observed.
Several reasons contribute to the observed relationship, including (1)
human interpretation of ambiguous questions, (2) issues in
extraction of place-related semantics, which are propagated to the
semantic encodings, and (3) similarity of patterns in formulating
questions and answers for geographical and non-geographical places
impacting on clusterings. There is a strong relationship between
non-spatial question and answers with explicit localizations. Three
primary reasons for this are:

1. Answering style: The content of question (how the intended
places are defined) can also be repeated a part of answer (e.g.,
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Table 17: Contingency table of linking the clusters

Q/A Explicit
localization

Implicit
localization

Non-geographical

Non-spatial 9512 7966 6266

Spatial 2463 8400 2332

Non-geographical 2777 7970 9535

Question (2trnn) : What beach is closest to Busch Gardens Tampa?
Answer (nrnn): Clearwater beach is the closest to Busch gardens,
Tampa.).

2. Ambiguous questions: Ambiguous questions are answered in
more detail (partially) related to localization information (e.g.,
Question (2tn): What city is Olongapo City? Answer (nqtrnn):
Olongapo City is a 1st class highly urbanized city in Central Luzon
Philippines).

3. Misleading questions: While the inquirer’s question is
semantically a where-question, it is formulated as a what-question
(e.g., Question (2nn): What is Bentonville Arkansas County?
Answer (nrnn): Bentonville is in Benton County Arkansas). Here,
the encoding captures semantics different from the intent of
the inquirer and this therefore affects the categorization of the
question.

4.3.4.2 Concatenated Clustering

In the last experiment, the semantic representations of questions and
their corresponding answers are concatenated and then clustered.
The results of clustering show (Table 18) that there is a direct
one-to-one relationship between the categories of questions and the
concatenated clusters. Using the Dice similarity coefficient, the
similarity of first, second, and third clusters of questions and the
first, second, and third clusters of questions concatenated with
answers are 88.86%, 75.83%, and 75.98%, respectively. This shows
that the encoding of questions can determine the encoding
representations of their answers.

4.4 theory-driven classification of place-related

questions

To derive a top-down classification of place-related questions, the core
concepts of spatial information (Kuhn, 2012) is used as the grounding
theory. In the following sections, first the core concepts are reviewed
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Table 18: Frequent patterns in concatenated clusters

ID Frequent Encoding Example

1 2tnn-n, 2tn-n, and 2tnn-nrnn What county is Roselle NJ?
Union County

2 1n-n, 1nn-rnnn, and 1nn-n Where is Fairview? in
Multnomah County Oregon
United States

3 1o-oo, 1oo-oo, and 1no-oo Where is the appendix to the
liver? No Answer Present.

and their relevance to place conceptualisation is described. Next, the
top-down classification of place-related questions is derived using the
object-based conceptualisation of place (Purves, Winter, and Kuhn, 2019)
and the multi-faceted model of place.

4.4.1 Core Concept of Spatial Information

Kuhn (2012) presents a set of core concepts for spatial information
that mitigates challenges in transdisciplinary research on geographic
and spatial problems. The core concepts includes ten concepts that
are hierarchically organized into base concept (i.e., location),
information content concepts (i.e., object, field, network and event)
and information quality concepts such as granularity and accuracy
(Kuhn and Ballatore, 2015). This chapter only focuses on the base
concept and information content concepts which are briefly
described below6:

• Location: Location is the answer to where-questions. It can
be described as place descriptions using spatial relationships
and anchor places, or captured using coordinates in a spatial
reference system.

• Object: Objects are identifiable and spatially bounded
individuals. Objects have thematic properties that describe
their meaning and they can have crisp or fuzzy boundaries.

• Field: Fields describe phenomena based on measured or
calculated value(s) in each location. They answer the question
of what is here? for anywhere in space.

• Network: Network is the construct of relations among objects.
Networks capture the relationships between objects, any
relationships that connect or relate objects with each other.

6 more elaborate definitions can be found in the original paper, (Kuhn, 2012)
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• Event: Events are the cause of changes in objects’ properties,
field values and the structure of networks.

Purves, Winter, and Kuhn (2019) conceptualised places in
information science as spatial objects with the following properties:

• Places, as spatial objects, have shared and inter-subjective
identity as they are socially-constructed phenomena;

• Places can emerge from fields. Bounded field values form
regions in space, and such regions may become places with
their identities derived from the field that they emerged from –
e.g., warm temperate zones.

• Places are not isolated objects and they can form networks based
on their relationships – e.g., a transportation network

• Places can participate in events and consequently their
properties be changed.

• Places can emerge from events. The location of the event form
a region, and from the region a place may emerge as ’the place
where the event happened’ – e.g., Gettysburg Battlefield.

These properties of place as spatial objects and the core question of
objects (i.e., what are the properties of this object?) (Kuhn, 2012) are
the theoretical basis of the top-down classification of place-related
questions. The place facets (see Chapter 3) are used to enrich the core
question to derive the classification of place-related questions. Using
the relationship between places with fields, networks and events, the
classification is extended to cover more sophisticated question types.

4.4.2 Classification of Place-Related Questions

Referring to Chapter 3, the multi-faceted model of place captures four
sub-classes of facets:

• anthropocentric emotive facets, such as place attachment;

• anthropocentric functional facets, such as affordance;

• geographic physical facets, such as material form; and

• geographic spatial facets, such as location and accessibility.

Such classes of facets describe places. A fifth, distinct class of facets
called linguistic facets captures referential properties of places such as
verbal references and place names, which may be non-descriptive in
nature but still identify the intended subject of a speaker.

These place facets can be used to derive place-related questions
if they can be linked to the core question of objects, described in the
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previous section. The core question of objects is the question template
for places, and thus can be rewritten as: What is the value of a place
facet of this place? Using this question template, the categories of place
facets can be used to generate more specific question types.

Any place facet can become an intentional property of a particular
place of interest. While emotive, functional and physical facets are
attributed to individual places, spatial facets may characterize
multiple places forming a network. If a place network is viewed as
an identifiable whole with properties, then it has been
conceptualized as an object – e.g., a public transportation system.
Thus, the emotive, functional and physical facets can be applied in
the same way to describe the whole network. For example, people’s
satisfaction with public transportation in Melbourne is an example
of a question that inquires an emotive facet. To provide a list of more
detailed place-related question types, the facet categories are used as
answers to place-related questions.

Emotive and functional facets inform templates for questions
about the relation between places and people. In both cases, these
questions can be about a person (e.g., a subjective experience or
opinion), a community (e.g., cultural values and traditions), or the
whole world (e.g., historical information). The emotive facets
(attachment, sense of place, commitment, and salience and
familiarity) provide questions that are mostly of interest to social
scientists, policy makers, and planners. Yet, these questions also
cover everyday questions of residents and tourists about the
experiences and opinions of others. The functional facets capture a
different aspect of people’s exploration and experience of places,
focusing on what a person can do or is allowed to do in a place.

Physical facets capture properties of the material, form, and parts
of places. Their kinds vary across different types of places. For
man-made places, architectural properties may be of interest; for
natural places (such as mountains), geological and morphological
characteristics play that role. The question templates using emotive,
functional and physical facets are shown in Table 22 with examples.

Spatial facets capture spatial properties of an individual place and
spatial relations among places. In the first subclass, location, footprint
and boundary (if any) are the major properties that describe where a
place can be found in space. Additional spatial properties are
elevation, length, and area. The second subclass is related to the
network core concept because it captures relationships among places.
Two types of relationships lead to two types of networks: (1) spatial
relationships between places in a configurational network and (2)
accessibility relationships among places in a transportation network.
Considering the core question of networks (i.e., what connects the
objects?), the question can be rewritten for places as what connects
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Table 19: Question templates using emotive, functional and physical facets

Category Subcategory Template/Example

Emotive Individual What is your feeling about place p?

How does it feel (What is your feeling)
after visiting the orphanage?

Emotive Social What are the social/cultural aspects of place
p?

What is the cultural significance of
Uluru?

Functional Individual What can I do at place p?

What can I eat at this Subway restaurant?

Functional Social What is (socially) allowed in place p?

What is allowed in this non-containment
zone?

Physical Material What are the material properties of place p?

What is the dominant soil type in East
Texas?

Physical Form What are the morphological properties of place
p?

What is the architectural style of the
Fallingwater?

Physical Parts What places are part of place p?

How many rooms does this mansion
have?
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Table 20: Question templates using spatial facets

Concept Facet Template/Example

Object Location Where is (What is the location of) place p?

Where is Melbourne?

Object Boundary What is the boundary of place p?

What is the boundary of international waters
around Australia?

Object Spatial
properties

What is the value of this spatial property of place
p?

What is the surface area of Australia?

Network Spatial
relationships

What is the spatial relationship between place p1

and place p2

What is the distance between Melbourne and
Sydney?

Network Accessibility How to get to (What is the direction of) place p2

from place p1?

How to get to Sydney from Melbourne by
car?

Table 21: Question templates using linguistic facets

Category Subcategory Template/Example

Linguistic Specific What is this place p called?

What is the name of this mountain?

Linguistic Generic What is the kind of this place p?

What is that silver thing?

these two places? Table 20 shows the question templates and examples
derived from spatial facets.

Questions can be posed about the linguistic facets to find
referential information about places. Linguistic facets include
specific and generic references to places (Edwardes and Purves,
2007a). In the simplest form, questions can be asked about the
names assigned to places (toponyms). Place types are an example of
generic references and thus can be asked for in place-related
questions. The question templates using linguistic facets are listed in
(Table 21).

Table 22 shows the question types that are asked about the
relationships of places with fields and events. Places as objects can
be carved out of fields and events. In the former, places (e.g., the
warm temperate zone) can emerge from bounded values of field(s)
attribute (e.g., temperature within an interval). Similarly, when
places are carved out of events, a new place emerges where an event
has occurred (e.g., the Gettysburg Battlefield). These places can be
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Table 22: Question templates for places in conjunction with events and fields

Concept Relation Concept Template/Example

Place Emerge from Event Where did the event take place?

Where did the battle of Gettysburg take
place?

Event Change Place What is changed in place p during the
event?

What is the impact of global warming
on Lake Urmia, Iran?

Place Emerge from Field Where are places with a specific (range of)
field attribute(s)?

Where are warm temperate zones
located?

subjected to the aforementioned question templates, and also they
can be inquired based on their relation with fields and events.
Moreover, places can participate in events, and their properties can
be changed through these events. Table 22 provides question
templates for places in conjunction with events and fields.

The theory-driven classification of place-related questions, as
presented in this chapter, only captures description questions related
to geographic places (Nielsen et al., 2008). Yet other classes of
questions such as comparison questions (e.g., Is the Black Sea bigger
than the Baltic Sea?) can be constructed with the same procedure –
i.e., designing the core question of objects based on the question
class and enrich the core question with place facets.

4.5 discussion and conclusions

In this chapter, the place-related questions were investigated using
data-driven and theory-driven approaches. In the data-driven
experiment, place-related questions and human-generated answers
of MS MARCO were studied using the semantic encodings. The
frequent patterns and the classifications were described to show
what people expect from a search engine when they submit a
place-related question. In the second part of the chapter, a
theory-driven classification was presented that includes detailed and
more diverse set of classes compared to the data-driven results. In
the followings, the main points of the data-driven and theory-driven
approaches are described and their differences are discussed.

In the data-driven experiment, the relations between place-related
questions and answers are studied by linking categories of questions
and answers, and concatenated clusters. The most frequent encoding
patterns found to provide qualitative insights in place-querying
behavior. Using geocoding and disambiguation techniques, the
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geographical representation of places in questions and answers
reveals that while the dataset has a global coverage, it is highly
biased to North America, Western Europe, and Australia. While this
bias may also be in part attributed to the biased coverage of the
GeoNames gazetteer used for toponym resolution (Graham and
De Sabbata, 2015), users of the MS MARCO dataset are advised to be
mindful of this coverage bias and its potential impact.

Through extraction of place-related semantics, a semantic bias
related to the scale of places is observed. Analyzing the frequent
place types shows that while questions to fine-grained places such
as schools, libraries, and airports occur, most of the frequently asked
place types are related to coarse geographic scales. The top-ten most
frequent types of places identified in the questions and answers are
associated with the city to country level scales. The diversity of
activities, situations, qualities, and spatial relationships in the
dataset shows further potential for studies in geographic
information retrieval.

Expressing the patterns in questions and answers through the
proposed semantic encoding proved to be useful for categorization.
It produces results consistent with those achieved by the
state-of-the-art word embedding approach using the pre-trained
ELMo model. Yet, the encoding approach allows for manual
inspection of the patterns and their qualitative interpretation, thus
providing a valuable insight into place-related querying and
answer-giving behavior.

Using a data mining approach and interpretation of the frequent
patterns in the results, three main types of questions in MS MARCO –
i.e., non-spatial, spatial, and non-geographical and ambiguous
questions. Applying the same strategy to the answers similarly
reveals three main categories of answers, explicit localization (spatial
descriptions), implicit localization (names and addresses), and
non-geographical and unanswered questions.

In the theory-driven classification, fourteen classes of place-related
questions are identified using the places facets and core questions of
objects and networks. Moreover, three classes of questions are
provided to classify the questions about places in relation to fields
and events. In comparison to the results of the classification derived
from data-driven experiment, the theory-driven classification is
more detailed and covers more diverse types of questions.

The reason behind the more details in the top-down classification
is derived from possible biases to question corpora, in this case,
MS MARCO. Place-related questions can be asked in different
situations, from everyday communication to asking a smart
assistance bot. Yet, a dataset collected from a specific situation may
not present the complete view to the all possible question types. For
example, a place-related question about emotive facets is not
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popular in MS MARCO dataset because of the situation with which
the data is collected from.

In this chapter, the encodings are used to investigate the
place-related questions and their answers. While encodings are
useful for classification purposes or to find patterns in the structure
of the data, their potential is limited for other tasks such as
translating questions to queries. In the next chapter, the encodings
are extended to capture more information types and also parsing is
introduced to capture the relationship between the encoded
information units. In Chapter 5, the parsing method is used to
translate place-related questions to formal queries.



5
F R O M P L A C E - R E L AT E D Q U E S T I O N S T O Q U E R I E S

It is the duty of machines and those who design them to understand people.
It is not our duty to understand the arbitrary, meaningless dictates of

machines.

— Norman (2013)

5.1 introduction

Consider the following place-related question, taken from the
Geospatial Gold Standard dataset (Punjani et al., 2018):

Question: How many pharmacies are in 200 meter radius of High Street
in Oxford?

Structured data stored in databases and knowledge bases are more
suitable than unstructured texts to answer such questions. Using
structured data, GeoQA systems can perform spatial (i.e., 200 meter
radius) and non-spatial operations (i.e., how many), and retrieve
information based on specific criteria (e.g., pharmacies in High
Street). The complementary role of structured data for QA systems
has been noted in several studies (e.g., Chen, 2014; Dimitrakis,
Sgontzos, and Tzitzikas, 2019), yet answering NL questions using
structured data is challenging. Using structured data in QA systems
requires formal-language queries to be constructed from NL

questions.
Translating place-related questions to formal query languages

such as SPATIAL SQL or GeoSPARQL is a necessary step to answer
the questions using structured data (Chen, 2014; Punjani et al., 2018).
Such translations enable place-related QA systems to benefit from
available knowledge sources and to perform spatial analysis to
answer complex place-related questions – e.g., a 200 meter buffer
zone is needed to answer the introductory question. Yet, the
translation task demands a detailed analysis of place-related
questions. For example, the encoding approach, proposed in

0 Section 5.2.4 of this chapter is an extended version of my contributions to
a conference paper, “Extracting Interrogative Intents and Concepts from Geo-
Analytic Questions” (Xu, Hamzei, Nyamsuren, Kruiger, Winter, Tomko, and
Scheider, 2020). My role as the second author of this paper was to develop the idea
for parsing geographic questions, implement the method and to write the method
section of the paper.

87
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Chapter 4, is not expressive enough to enable automatic translation –
i.e., the encoding does not capture the relationships between
extracted information units.

The translation task often involves two major steps: (1) parsing the
questions into an intermediate structure, and (2) generating queries
using the parsing results (Punjani et al., 2018). In the former,
information units are extracted from the content of questions, and
their dependencies are often stored in graph or tree data structures –
e.g., <pharmacies, in 200 meter radius, High Street>. In the latter, the
extracted information is used to define variables and their
relationships using the parse results and the predefined syntax of
the targeted formal language(s).

Two types of information construct the questions, intent and
criteria. The former determine clues about the answer(s) and
sometimes involve spatial and non-spatial operations – e.g., “how
many pharmacies". The latter describes how to find relevant
information in the information sources – e.g., pharmacies in 200

meter radius of High Street in Oxford. Intent and criteria are
necessary to be extracted, and sometimes inferred, from the NL

questions, and without an accurate extraction the translation fails.
The aim of parsing is to extract information and information

dependencies to a structured and machine-digestible representation.
Parsing results should be informative enough to be translated
automatically into formal query language(s). A suitable parsing
method in a domain-specific QA should be linked to the domain
concepts in order to ease the query generation step. Domain
concepts and their relationships are available as grounding, and the
approach to define or identify them is already captured in domain
ontologies. Hence, the concepts can be used to design a
domain-specific parsing that benefits from the available domain
knowledge and avoids reinventing redundant terms.

A parsing based on domain concepts ease the process of query
generation. In query generation, the task is simplified into defining
concepts and their relationships based on the extracted information
from the NL questions. The extraction of intent and criteria
determines what should be the intent of the generated query, and
what should be stated as the criteria to narrow down the search
domain.

In this chapter, the object-based conceptualization of place
(Purves, Winter, and Kuhn, 2019) is used as the grounding to design
a parsing method for place-related questions. Moreover, the
encoding approach (see Chapter 4) is extended and their links to
domain concepts such as location, object (place) and event are studied1.
Grammatical parsing methods are used to identify these concepts

1 The object-based conceptualisation of place and core concepts of spatial information
are reviewed and discussed in Section 4.4.1
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inside the questions (e.g., High Street) and extract their relationships
(e.g., High Street, in, Oxford). The results are formulated as
First-Order Logic (FOL) statements that are machine-digestible and
human-readable. FOL statements can capture the intent and criteria
explicitly which is necessary to generate formal queries. Finally, a
dynamic approach2 is proposed to generate GeoSPARQL queries
from the FOL statements to demonstrate the applicability of FOL

statements in translating NL questions to formal queries.
The novelty of the proposed method is twofold. First, the method

is not biased to specific types of place-related questions by
supporting the concepts and their relationships in the object-based
conceptualisation of place. Second, the method is reusable to
translate place-related questions to other formal languages(s) with
minimal efforts using FOL statements as the intermediate
representation. As will be discussed in Section 5.3, the method also
improves existing state-of-the-art approaches to translate
place-related questions to GeoSPARQL queries.

5.2 methodology

5.2.1 Dataset

In this chapter, the Geospatial Gold Standard dataset (Punjani et al.,
2018) is used to test the method for the translation task. This dataset
contains 200 place-related questions collected for translating
questions into GeoSPARQL queries. The dataset is generated by
students of the Artificial Intelligence course at the National and
Kapodistrian University of Athens. The participants were instructed
to formulate questions about geographic places that can be
answered using information available in knowledge bases or
through spatial analysis afforded by GeoSPARQL.

5.2.2 Method

Figure 16 shows the proposed method to translate place-related
questions to formal queries. To perform the translation, a workflow
is designed based on encodings, their relationships and the core
concepts of spatial information (Kuhn, 2012). In short, the workflow
includes:

• Extracting encodings: This step extracts relevant information
units from the content of place-related questions;

2 The dynamic approach uses templates for GeoSPARQL constructs rather than a
template for the whole query. Consequently, the query was generated dynamically
from the constructs, and the method is less biased to specific types of queries.
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Figure 16: The proposed method to translate place-related question to
GeoSPARQL queries.

• Parsing: In parsing, the relationships between encodings are
identified and captured;

• Identifying concepts: Using the encodings and their
relationships, high-level concepts of location, place (object) and
event are identified;

• Generating logical statements: The concepts and their
relationships are expressed in logical statements that define
what is expected in answers (intent) and what are the criteria,
in a machine digestible manner;

• Generating GeoSPARQL queries: Using the logical statements
and the predefined syntax and specification of GeoSPARQL,
formal queries are generated for the place-related questions.

In the following sections, the details of each step and its
implementation are described.

5.2.3 Encoding Extraction

For the translation, encoding classes are extended to capture events
and event types, as well as dates and numbers. Logical operations
such as and, or, negation and comparison are then added to the
encoding schema. Table 23 shows the schema of encoding classes
and their codes.

The Geospatial Gold Standard dataset contains questions which
are grammatically correct, and consequently the encodings can be
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Table 23: Semantic representation encoding

Semantic Type Code Semantic Type Code

where 1 place name P

what 2 place type p

which 3 event E

when 4 event type e

how 5 non-platial object o

how many 6 activity a

why 7 situation s

is/are 8 spatial relationship R

date d temporal relationship r

place quality Q object quality q

comparison <, >, = and &

or | negation !

derived from Named Entity Recognition (NER) and part-of-speech
tags without a need for using gazetteers3. In the following, the
method to extract the encodings using pretrained NLP models is
described:

• Noun encoding: Noun phrases can be place names, place
types, event names, event types or other objects. To detect
place names and event names, first proper nouns are selected
using part-of-speech tagging, next a pretrained model for
fine-grained NER is used to detect the place names and event
names (Lample et al., 2016). Generic noun phrases can be place
types or event types. Here, a look-up approach is used to test
whether a generic noun refers to a place type or an event type.
The place type list is collected from OpenStreetMap tags with
the same method described in Chapter 4. The list of event
types are collected from the DBPedia ontology of events which
includes social and natural events. The remaining unlabelled
noun phrases are labelled as non-platial objects.

• Verb encoding: The verb encoding is identical to the method in
Chapter 4 – i.e., word embedding vectors are used to label verbs
as activity or situation.

• Preposition encoding: Preposition phrases can be related to
spatial relationships, temporal relationships and comparisons.
If a preposition refers to place(s) (either place names or place

3 This is different from MS MARCO questions which are not necessarily
grammatically correct, See Chapter 4
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types), the preposition is captured as a spatial relationship. If
the preposition phrase refers to a date then the preposition is
captured as a temporal relationship. Otherwise, if the
preposition phrase includes comparative adjectives, it is captured
as comparison – e.g., greater than.

• Adjective encoding: In this study, both qualities of places and
qualities of other objects are captured through two encodings,
Q and q respectively. After resolving noun phrases into proper
encoding classes, adjective phrases that are referring to place
names and place types are captured as place qualities and
adjectives referring to events, event types and other objects are
captured as object qualities. Only the superlative (e.g., oldest)
and descriptive (e.g., old) adjectives are captured as qualities.
Comparative adjectives (e.g., bigger) are a constituent of
preposition phrases (e.g., bigger than) which are encoded as
comparison due to their different role in constructing FOL

statements and GeoSPARQL queries.

• Conjunction encoding: Conjunctions are identified through
part-of-speech tagging, and their encodings are identified
through a look-up approach. The conjunctions are encoded
either as or, and, or negation.

5.2.4 Constituency and Dependency Parsing

Constituency parsing and dependency parsing are two approaches
to study the structure of NL sentences. The constituency parsing
captures how tokens can be combined to construct phrases and how
phrases create more complex phrases or sentences (Figure 17). On
the other hand, dependency parsing identifies the relationships
between tokens and is able to capture long distance relationships
between them (Figure 18).

In this study, both constituency parsing and dependency parsing
are used to extract relationships between encodings. If a relationship
can be extracted from phrases and their constituents, constituency
parsing is used; otherwise dependency parsing is used. Moreover,
the extraction of intent and criteria from the content of questions is
achieved by a heuristic method derived from constituency parsing
results.

The parsing method starts with constituency parsing and
identification of phrase-level information such as conjunctions phrases,
quality phrases and location phrases. The following steps are
performed in analysing constituency parsing results:

1. Preprocessing: The result of constituency parsing are trimmed
and enriched by the extracted encoding. In the trimming task,
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Figure 17: Constituency parsing

the extracted compound phrases (e.g., High Street) are captured
as leaf nodes in the tree representation. Hence, the constituency
tree expands to a meaningful phrase level that is not necessarily
consisting of individual tokens. Then, the extracted encodings
are labelled in the tree representation. For example, in Figure 17,
High Street is captured as two leaf nodes while in Figure 19 (after
analysing the constituency tree), the whole phrase is captured
as a leaf node of the tree.

2. Conjunction phrases: First, leaf nodes labelled with
conjunction encodings (i.e., &, |, and !) are selected from the
constituency tree. For and/or conjunctions, if the parent node
includes constituents with the same encoding role (e.g.,
multiple place names), the parent node is labelled as a
conjunction phrase – e.g., towns or cities in what are the towns or
cities in UK? For negations, if the parent nodes contain place
names or event names the parent nodes are labelled as negation
phrase – e.g., ‘except London’ in What is the largest city in UK
except London?

3. Quality phrases: The leaf nodes encoded as qualities (i.e., q

and Q) are retrieved from the constituency tree, and their
parent nodes are selected for further investigation. If the parent
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Figure 18: Dependency parsing

node includes nodes with relevant encoding classes (i.e., p, P, e,
E and o), the parent node is captured as a quality phrase.

4. Location phrases: Location phrases are constructed by
spatiotemporal relationships and their corresponding anchor
places/dates – e.g., in 200 meter radius of High Street. Here,
location is considered in space and time. Location phrases are
captured by finding an ancestor node of spatiotemporal
relationships which includes the anchor places/dates.
Figure 19 shows two labelled locations, in Oxford and in 200
meter radius of High Street in Oxford.

5. Measure Phrases: Phrases that are only constructed with
cardinal numbers and non-platial objects are detected
measures phrases. In the introductory example, 200 meter is a
phrase with numeric (200) and non-platial object (meter)
constituents (Figure 19).

6. Comparison phrases: Comparison is a binary relationships
that has a source (the left-side of comparison) and target (the
right-side of comparison). While the target and comparison
tokens (e.g., less than) are often form a phrase, the source can
have a long distance relationship with comparison tokens,
depending on the structure of the questions. Hence, the
relation between comparison tokens and the target are
captured through constituency parsing and dependency
parsing is used to detect the source of the comparison. If the
parent node of an identified comparison encoding includes a
valid target phrase (i.e., p, P, e, E, o, and n), the parent node is
labelled as a comparison phrase – e.g., more than 10 districts.
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Figure 19: Labelled constituency parse tree

The results of detecting phrase-level information is shown in the
labelled constituency tree in Figure 19.

After identification of phrase-level information, intent extraction
finds the goal of the place-related questions. The following heuristics
are used to detect the intent of questions:

1. Question word rule: The question word gives an initial idea
about the intent of the questions – e.g., where, what and Is/are.
For yes/no questions (Is/are) not only intent is clear (i.e., to
find whether criteria is met or not) but also the answer domain
is evident, i.e., a boolean value. For where questions, the intent
is the location of the selected variable (either a place name or a
place type) which can be identified using the following rules.
For what and which question, the following rules are used to
determine the intent. The question words how many is also
special case which refers to the count of the selected variable.

2. Less specificity rule: The more specific the concepts are, the
less likely they are to be the intent of the question — e.g., a non-
platial object or a place type (if mentioned in the question) is more
likely to be the intent of the question in comparison to a place
name. For example, in the question Which cities in England have
at least two castles?, cities and castles are more likely to be the
intent of the question than England. This rule determines the
specificity of concepts using their encoding classes, i.e., objects,
place types and place names. The objects (place properties) are the
least specific concept. Next more specific concept is place types,
and finally the most specific concepts are place names.
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3. Phrase rule: If the intent is ambigous and the candidates
belong to place types or place names (e.g., multiple place types
are identified), the location phrases are used to reduce the
ambiguity. If a place type or place name is the intent, it must
not belong to a location phrase. For example, Where in California
is UCSB?, California is part of a location phrase (in California)
and must be removed from the list of intent candidates. Such
location phrases are spatial criteria and they should be avoided
in the intent recognition process. In the same manner,
non-platial objects which belong to activity/situation phrases
or complex spatial relationships phrases are removed from the
candidate list. Referring to the introductory example, radius is
part of a complex spatial relationship, in 200 meter radius of,
and removed from the candidate list.

4. Earlier position rule: If the intent is still ambiguous, the earlier
position rule is used. This rule is based on the structure of the
questions. The subject of the questions is the earliest concept
extracted from the questions. For example, in question: Which
cities in England have at least two castles?, the earliest concept (i.e.,
cities) is determined as the intent of the question.

Referring to the introductory question, the intent is identified as how
many pharmacies.

After finding the intent and phrase-level information, dependency
parsing is used to detect the relationship between (1) places and
events with location phrases, (2) situation and activities with
non-platial objects, (3) places with situations and activities, and (4)
comparison phrases and their source.

1. Preprocessing: The result of dependency parsing are trimmed
and enriched by the extracted encoding and identified phrases
from constituency parsing. In the trimming task, each of the
extracted compound phrases (e.g., High Street) or phrase-level
information from constituency parsing is captured as a single
node in the dependency tree representation. Hence, the
dependency tree is summarised to extract relationships among
phrases rather than individual tokens. Finally, the extracted
encodings and phrases are labelled in the tree representation.
Figure 20 shows the dependency tree of the introductory
example after the preprocessing step.

2. Places/event references and location phrases: Using the
terminology introduced by Vasardani et al. (2013), a spatial
description includes three elements, – i.e., locatum, spatial
relationship, and relatum (see Section 2.2.1.2). A location phrase
is a combination of the spatial relationship and relatum that
describe the location of a place or an event in space – e.g., in
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Figure 20: Dependency parse tree after preprocessing

200 meter radius of High Street. The relationships between the
locatum (a place or an event) and the location phrase captured
through dependency parsing. If the location phrase is a
dependent (prep relation4) of a place or an event, their
relationships are captured as a locatum and location phrase
relationship – e.g., pharmacies (locatum), in 200 meter radius
of High Street (location phrase).

3. Situations/activities with non-platial objects: Situations and
activities often include references to non-platial objects. Hence,
in these cases, the verbs do not completely describe the
situation and activities – e.g., to buy coffee or to see birds. If a
non-platial object is a dependent (object phrases of the verb,
dobj relation) of the situation/activity verb, then the
relationship is identified between the verbs and noun phrases.

4. Places with activities/situations: To identify which place in the
question is described through situation/activity phrases,
dependency relationships are used. If a situation/activity
phrase is a dependant (subject phrase of the verb, nsubject
relation) of a place reference, their dependency is captured as a
place relationship with situations/activities.

5. Source of comparison phrases: The relationship between the
source of comparison to comparison phrase is captured through
dependencies. The source of a comparison belong to a valid
encoding type (i.e., p, P, e, E and o) and the comparison phrase
is a direct dependent of it in the dependency parse tree. For
example in does England have more counties than Ireland, England
has a valid encoding type (i.e., P) and the comparison phrase
(i.e., more counties than Ireland) is its dependent in the parse
tree.

4 Details of part-of-speech tags and dependency types can be found in Appendix B
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5.2.5 Concept Identification

In concept identification, the references to places, events and
locations are identified. A reference to a place or an event, could be a
proper noun or a generic reference with additional spatiotemporal
conditions – e.g., hurricanes in the US since 1980, or pharmacies in
200 meter radius of High Street in Oxford.

In this step, references to places and events are first detected using
the extracted encodings and their relationships. Place names and
event names are labelled as place concepts and event concepts – e.g.,
Oxford in the introductory example. Then, generic references to
places and event with their relationships (e.g., spatial relationships)
are captured together as place concepts and event concepts – e.g.,
pharmacies in 200 meter radius of High Street in the example.

Finally, the anchor places with their corresponding spatial
relationships are captured as location phrases. Here, temporal
relationships with anchor dates are also considered as location
concept. Consider the following example, how many cities are affected
by hurricanes in the US since 1980? In this example, a complex
location phrase identified by merging spatial and temporal
references – i.e., in the US since 1980.

Referring to the introductory example, three place concepts are
identified as (1) Oxford, (2) High Street in Oxford, and (3)
pharmacies in 200 meter radius of High Street. Moreover, two
locations are detected, (1) in 200 meter radius of High Street and (2)
in Oxford. The locations describe the spatial frame to disambiguate
and identify the intended place(s) – i.e., pharmacies. Later, the
detected concepts are declared as constants or variables through FOL

statements and their relationships captured through functions with
the constant or variable as arguments.

5.2.6 Generating First-Order Logic Statements

In the FOL syntax, three concepts are available, (1) terms, (2) functions
and (3) statements. A FOL term is either a constant (e.g., High Street)
or a variable (e.g., x). The functions are symbols that either declare
terms or describe their relationships – e.g., declaration: Place(High
Street) and relation: IN(High Street, Oxford). Finally, the statements
are either query statements that return values of variable terms or
logical statements which can be either true or false.

In the context of place-related QA, the terms are either place or
event concepts. Specific references (proper nouns) are the constants
and generic references are the variables. Referring to the
introductory example, High Street and Oxford are the constants, and
for the pharmacies, variable x0 is assigned to represent the generic
reference.
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To declare terms, special functions are considered. Two specific
functions are PLACE() and EVENT() that describe place and event
concepts – e.g., PLACE(HighStreet). Generic references are declared
using the assigned variables and the generic place type – e.g.,
PHARMACY(x0). Predefined rules are considered to link the generic
declarations to PLACE and EVENT . In other words, every generic
declaration is either a place or an event – e.g.,
∀x PHARMACY(x)→ PLACE(x)

The other set of functions in FOL statements captures the
relationships between the terms or describes a single term. This set
includes, spatiotemporal relationships, situation/activity
relationships, comparisons and qualities. Qualities describe a single
term, and are represented by a function with single arguments. For
example, Scottish counties are represented as
COUNTY(x0) ∧ SCOTTISH(x0). The other functions have more
than one arguments and define relationships between the extracted
terms.

In the implementation5, spatial relationships are either binary or
ternary. The three essential constructs of such relationships are
locatum, spatial relationship, and relatum (Vasardani et al., 2013). In
FOL representation, spatial relationship is the name of the function,
and locatum and relatum are the two argument. In case of complex
spatial relationships, the additional information is presented as the
third argument. In the example, the complex relationship is
represented as IN_RADIUS_OF(x0,High Street, 200 meter).

Similarly, situations and activities are represented by functions
with the place in relation as the first argument and the object of
activity or situation (if present) as the second argument. For
example in where can I buy coffee in Melbourne?, the activity is
represented as BUY(x0, coffee).

Comparisons are also defined as binary relationships with the
comparison source as the first argument and target as the second
argument. Considering the following example, Is Melbourne bigger
than Sydney?, the comparison is represented as a FOL function with
two arguments: BIGGER_THAN(Melbourne,Sydney).

The extracted conjunction relationships are treated differently
when generating FOL statements. If a constituent of a conjunction
participates in relationships to other terms, then automatically a
similar relationship is applied to the other constituent of the
conjunction. For example in which libraries are near to CBD or
Parkville?, the spatial relationships between libraries and CBD is
replicated for Parkville because of their conjunction relationships –
i.e., NEAR(x0,CBD) ∨ NEAR(x0,Parkville).

After term declarations and function definitions, the FOL

statement is formulated using the identified intent (Section 5.2.4). If

5 available in https://github.com/hamzeiehsan/place_related_question_parser

https://github.com/hamzeiehsan/place_related_question_parser
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the question is a yes/no question, then the statement is simply
derived by appending term declarations and function definitions.
Otherwise, the FOL statement is a query statement that returns the
intended terms (e.g., x0) or functions (e.g., COUNT(x0)). The FOL

statement for the introductory question is presented in Equation 3.

COUNT(x0) : PLACE(High Street) ∧ PLACE(Oxford)

∧ PHARMACY(x0) ∧ IN_RADIUS_OF(x0,High Street, 200meter)

∧ IN(High Street,Oxford)

(3)

5.2.7 Generating GeoSPARQL Queries

To translate logical statements into GeoSPARQL queries, a
template-based approach is designed. FOL and GeoSPARQL are
declarative formal languages which eases the process of translation
from one language to another. However, the level of formalism is
different between FOL and GeoSPARQL, and consequently the
translation task is not trivial. GeoSPARQL includes prefixes to access
ontologies and knowledge bases, ontology-based declarations, and
predefined spatial and non-spatial functions that need a careful
translation from FOL terms and functions.

GeoSPARQL queries are either ASK (yes/no) or SELECT (return
stored values) queries. This defines the type of the generated query,
and completely depends on the intent of the questions. GeoSPARQL
queries have several constituents, including PREFIXES, ASK/SELECT
statements, and WHERE clauses. PREFIXES define the namespaces
from which to access knowledge bases, ontologies, and implemented
functions. The ASK/SELECT statements determine the output of the
query, and the WHERE clauses capture the criteria mentioned in the
question. These constituents are constructed based on predefined
templates, described below.

Three sequential steps are proposed to translate FOL statements to
GeoSPARQL queries: First, the overall structure of a given query
(i.e., ASK vs. SELECT query) is determined from the extracted intent.
Second, the WHERE-clause is dynamically generated by
concatenating individual concept and relation definition statements.
Finally, in case of SELECT queries, the intent of questions
determines what variables the inquirer wants to know their value.

A predefined set of prefixes are used to access
SPARQL/GeoSPARQL functions and to generate shorter and
easier-to-read queries (Query 1).
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PREFIX geosparql: <http://www.opengis.net/ont/geosparql#>

PREFIX geof: <http://www.opengis.net/def/function/geosparql/>

PREFIX db: <http://spatial.au/ontology#>

PREFIX spatialF: <http://jena.apache.org/function/spatial#>

PREFIX units: <http://www.opengis.net/def/uom/OGC/1.0/>

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

PREFIX owl:<http://www.w3.org/2002/07/owl#>

Query 1: Predefined set of prefixes

The WHERE-clause is part of the general structure for both ASK
and SELECT queries. To generate the WHERE-clause, for each
extracted geographic concept (e.g., Place and Event) a unique
variable is assigned. Each concept is defined using predefined
templates and the corresponding variable name. The concept
definition statements define a place/event based on the name or type
using an is-a relationship. The extracted non-platial objects are defined
as properties of their corresponding concept variables. The extracted
relations among the concepts (i.e., activities, situations, comparison and
spatiotemporal relationships) are translated to the formal query
language using the participating variables, their FOL definitions and
the predefined relation templates. Definition statements for
place/event concepts using their name and type are presented in
Queries 2 and 3, respectively.

?<VARIABLE> a db:<CONCEPT> .

?<VARIABLE> db:name ?<VARIABLE>NAME;

geosparql:hasGeometry ?<VARIABLE>GEOM.

FILTER(regex(?<VARIABLE>NAME, <NAME>, " i " )).

Query 2: Place/event definition template using name

?<VARIABLE> a db:<CONCEPT> .

?<VARIABLE> db:type ?<VARIABLE>TYPE;

?<VARIABLE> db:name ?<VARIABLE>NAME;

geosparql:hasGeometry ?<VARIABLE>GEOM.

FILTER(regex(?<VARIABLE>TYPE, <TYPE>, " i " )).

Query 3: Place/event definition template using type

The place attributes are captured through has-a relationships (see
Query 4). In the case of spatial relationships, a lookup table is used
to map the spatial prepositions to their corresponding spatial
functions implemented in GeoSPARQL. The relationships are
constructed by the predicate and argument(s) which are captured in
the corresponding FOL function definition. Similarly, the
situation/activities and comparisons are defined using their
corresponding templates from their FOL definitions. The template for
distance relationships, as examples of the relation templates, is
shown in Query 5.
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?<VARIABLE> db:has_<ATTRIBUTE> ?<OBJECT>.

Query 4: Attribute relation template

FILTER(geof:distance(<VARIABLE1>, <VARIABLE2>, units:<UNIT>) < <

DISTANCE>).

Query 5: Distance relation template

In the case of SELECT queries, the SELECT-statement can: (1) select
some variables, or (2) apply a function (e.g., distance) over the values
of selected variables. The selected variables are related to the intent
of the questions which is clearly stated in the FOL statement.

Finally, when aggregation (e.g., counting) or sorting (e.g.,
superlative qualities) is needed their corresponding templates are
used. In the special case of aggregation and sorting, GROUP-BY and
HAVING statements, and ORDER-BY and LIMIT-statements are
concatenated at the end of the generated query, respectively. Sorting
is needed when superlative qualities (e.g., longest river) are found
and aggregation is necessary when comparison-based situations
(e.g., cities that have more than 10 suburbs) are extracted. The
template for aggregation and sorting are shown in Queries 6 and 7,
respectively.

GROUP BY <VARIABLE>

HAVING (COUNT(*) > <LIMIT>)

Query 6: Aggregation template

ORDER BY <ASC/DESC> (<VARIABLES>) LIMIT <LIMIT>.

Query 7: Sorting template

The automatically generated GeoSPARQL query for the
introductory example is shown in Query 8.
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PREFIX geosparql: <http://www.opengis.net/ont/geosparql#>

PREFIX geof: <http://www.opengis.net/def/function/geosparql/>

PREFIX db: <http://spatial.au/ontology#>

PREFIX spatialF: <http://jena.apache.org/function/spatial#>

PREFIX units: <http://www.opengis.net/def/uom/OGC/1.0/>

PREFIX xsd: <http://www.w3.org/2001/XMLSchema#>

PREFIX owl:<http://www.w3.org/2002/07/owl#>

SELECT (COUNT(distinct ?x0) as ?countx0)

WHERE {

?c0 a db:PLACE .

?c0 db:name ?c0NAME;

geosparql:hasGeometry ?c0GEOM.

FILTER(regex(?c0NAME, "High Street ", " i " )) .

?c1 a db:PLACE .

?c1 db:name ?c1NAME;

geosparql:hasGeometry ?c1GEOM.

FILTER(regex(?c1NAME, "Oxford", " i " )) .

?x0 a db:Place .

?x0 db:type ?x0TYPE;

geosparql:hasGeometry ?x0GEOM;

db:name ?x0NAME.

FILTER(regex(?x0TYPE, "pharmacy", " i " )) .

FILTER(geof:distance(x0GEOM, c0GEOM, units:meter) < 200).

c0GEOM geosparql:ehCoveredBy c1GEOM.

}

Query 8: GeoSPARQL query of the introductory example

5.3 results and discussion

In this section, first the results of encoding and FOL statements are
evaluated and next the automatically generated GeoSPARQL queries
are evaluated.

5.3.1 Extraction Results and Logical Statements

Table 24 shows the results of evaluating encoding extraction. The
averaging strategy is called macro averaging that shows the average
of precision, recall and f-score of encoding extraction for each
question. The count shows the frequency of each information unit in
the dataset. For instance, if the count is equal to one that shows
there is only one reference to activities in the whole dataset.

As shown in Table 24, the state-of-the-art pretrained models
perform well in toponym identification from grammatically correct
NL questions. Moreover, part-of-speech rules are successful in
identifying numbers, comparisons and conjunctions. The
dependency parsing and constituency parsing are also proven to be
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Table 24: Extraction performance

Semantic Type Average precision Average recall Average f-score Count

Place name 98.9 99.5 99.2 263

Place type 100.0 99.4 99.7 178

Event name – – – 0

Event type – – – 0

Non-platial objects 95.9 97.9 96.9 55

Number 100.0 100.0 100.0 26

Spatiotemporal relationship 100.0 96.8 98.4 191

Situation 94.2 98.0 96.1 51

Activity 50.0 100.0 66.7 1

Place quality 100.0 91.7 95.7 25

Object quality 85.7 100.0 92.3 6

Comparison 100.0 100.0 100.0 24

Conjunction 100.0 100.0 100.0 6

successful in identifying more complex encoding classes such as
spatiotemporal relationships and qualities.

Table 24 shows that event-based place-related questions are
completely missing in the dataset. However, the extraction of events
from the questions is also expected to perform well considering the
performance achieved by the fine-grained NER models (Lample et al.,
2016). Moreover, activities are also rarely observed in the dataset,
which is another limitation of Geospatial Gold Standard dataset
(Punjani et al., 2018, 2021). However, such limitations have minimal
impacts on the proposed method due to its reliance on place
conceptualization as the grounding theory.

FOL statements are constructed by declaration of places, events
and non-platial objects, and functions that describe or relate these
terms based on spatiotemporal relationships, situations,
conjunctions and comparisons. Table 25 shows the precision, recall
and f-score of FOL term declarations and function definitions. The
results show that declarations, spatiotemporal relationships and
comparisons can be formulated in FOL statements with high
precision and recall. Hence, the combination of grammatical rules
from dependency parsing and constituency parsing are proven to be
successful.

Table 25 shows that qualities are defined as FOL functions with high
precision. Yet the recall is lower (i.e., 82.8%), and the reason is that
using constituency parsing alone may not be sufficient for all cases.
For example in Which site of Manchester is the most popular?, the long
distance relation between the quality (most popular) and the place type
it describes (site) cannot be captured through constituency parsing.

Situations are also formulated as FOL functions with high
precision and lower recall (i.e., 64.7%), because of errors in
dependency parsing which fail to link situation verbs to place
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Table 25: FOL statements evaluation

Logical statement Average precision Average recall Average f-score

Declaration 98.2 99.7 98.9

Spatiotemporal relationships 97.6 91.9 94.7

Quality 100.0 82.8 90.6

Comparison 91.7 91.7 91.7

Conjunction 80.0 100.0 88.9

Situation 100.0 64.7 78.6

attributes (i.e., non-platial objects) in some cases. Hence, when the
link is not captured, the situation is missing and the recall is lower.
On the other hand, the high precision shows that whenever the
dependency parsing identifies the relationships between situations
and place attributes, the corresponding FOL functions are generated
correctly.

In contrast to qualities and situations, conjunctions are reflected in
the FOL statements with high recall and lower precision (i.e., 80%).
The conjunctions mentioned in Section 5.2.6 are reflected by
applying the same FOL functions for both sides of the conjunction
which are bounded by either and or or logical operators. Hence,
errors in defining other functions (e.g., spatial relationships) can be
propagated through conjunctions. Consequently, errors in other
functions have an impact on the precision of conjunctions as well.

5.3.2 Query Generation Results

Table 26 shows the results of analysing automatically generated
GeoSPARQL queries. In overall, more than 80% of the GeoSPARQL
queries are completely correct. The evaluation is performed
manually to check whether the generated query is syntactically and
semantically correct. That is a considerable improvement on the
current benchmark results of the same question dataset (Punjani
et al., 2018, 2021) (noting that due to the different evaluation metrics
and query generation approaches, their results are not directly
comparable with the proposed method). The results of this chapter
also overcome the performance of an under-review method by Li
et al. (2021, Under Review) that achieved 71% overall accuracy for
query the generation task.

In terms of the number of questions that can be handled, the
benchmark covers only 43% questions in the dataset, while the
proposed approach can deal with all questions. Of all the questions
that can be handled by Punjani et al. (2018) (43% of questions), the
GeoQA method successfully generates answers for 51% of the
questions. While in the proposed approach more than 80% of
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Table 26: GeoSPARQL queries evaluation

GeoSPARQL query Average precision Average recall Average f-score

Overall (Query) 82.8 – –

Intent (SELECT/ASK) 97.5 – –

Criteria (WHERE) 84.3 – –

Aggregation (Group By) 100.0 83.3 91.5

Sorting (Order By) 92.9 89.7 91.2

GeoSPARQL queries are correct for all questions in the dataset.
However, benchmark results also include ontology mapping and
fetching the query results from an integrated knowledge base that is
not considered in this chapter. The ontology mapping aims at
matching extracted information to predefined ontologies in existing
knowledge bases. Fetching the results is also important because even
with correctly generated queries, the data may not be found in
existing knowledge bases.

The major difference between the proposed approach and the
benchmark method is the use of place-based conceptualization in
translating questions to queries. Using the conceptualization, the
proposed method covers more diverse types of place-related
questions and consequently is able to handle all questions in the
dataset. Using the place conceptualization, the proposed method is
not biased specific types of questions and can handle missing
question types in the dataset such as event-based questions – e.g.,
What cities are affected by hurricanes in the US since 1980?

Table 26 shows that integrating dependency parsing and
constituency parsing is useful to extract the relationships between
encodings. The benchmark method only use dependency parsing to
extract information from the content of the questions. The
improvement of the results shows that using phrase level
information from constituency parsing can improve the quality of
information extraction.

The other advantage of the proposed approach is the translation
of questions to FOL statements that can capture both intent and
criteria of NL questions in machine-digestible manner. Using FOL

statements as the intermediate representation, the NL questions can
be translated to other formal query language(s) with minimal effort –
e.g., translating questions to SPATIAL SQL.

Table 26 shows the evaluation results for the whole query or
specific parts such as WHERE clause. All GeoSPARQL queries
include intent (SELECT/ASK statement) and criteria (WHERE
clause). Hence, the recall and f-score is meaningless in evaluating
these parts – i.e., 100% recall, because these parts are never missing.
On the other hand, sorting (29 questions) and aggregation (6
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questions) are only applicable for some specific questions.
Consequently, the recall and f-score are reported for sorting and
aggregation (Table 26).

Table 26 shows that the intent heuristic performs well and
consequently the mistakes in formulating the criteria are the main
reason for incorrect GeoSPARQL queries. Criteria are more complex
to compose than intent and may include an arbitrary number of
criterion which all should be formulated correctly. Hence, even a
minor mistake in formulating one criterion in a WHERE clause
produces an incorrect query.

5.4 conclusions

To enable spatial analysis using structured spatial data in GeoQA, NL

questions must be translated to formal queries. In this chapter, a
method was devised using the object-based conceptualization of
place in information science (Purves, Winter, and Kuhn, 2019). First,
the essential information was extracted from the questions and
encoded based on their types. Next, the relationships between the
extracted encodings were extracted using both dependency parsing
and constituency parsing. Then, the concepts were identified based
on the extracted encodings and their relationships and expressed as
FOL statements. Finally, the FOL statements were translated to
GeoSPARQL queries using a template-based approach.

The novelty of the proposed method was mainly to (1) utilize
domain knowledge (place conceptualization) in question analysis, (2)
use both dependency parsing and constituency parsing in relation
identification and (3) propose FOL as the intermediate representation.
Using domain knowledge, the proposed method is proven to be less
biased to the dataset and can analyze diverse types of place-related
questions. Moreover, the method is grounded theoretically in
previous works and avoids re-investing new terms and concepts.

Using part-of-speech tagging, named entity recognition, and
dependency and constituency parsing methods, the quality of
information extraction and relation identification was improved in
comparison to the benchmark method. The results show that the
state-of-the-art neural network models perform well in named entity
recognition and part-of-speech tagging. Moreover, the grammatical
rules based on the dependency and constituency parsing proven to
be accurate in digesting place-related questions.

Finally, using FOL statements as the intermediate representation
increases the flexibility and applicability of the method. In this
chapter the translation to GeoSPARQL using a template-based
approached was investigated and demonstrated. Yet, several steps of
the method (i.e., encoding, parsing and generating FOL statements)
can be used in translating the questions to other formal query



108 from place-related questions to queries

languages such SPATIAL SQL. The FOL statements have two main
advantages which ease such translations. First, the statements are
machine digestible and can also be empowered with logical
reasoning. Second, these statements can capture both intent and
criteria of the NL questions which is also required in translating NL

questions to other formal query language(s).
The proposed method is only able to generate GeoSPARQL

queries. To be used in real-world application, the ontology mapping
step should be developed and tested. Several challenges including
entity and relation disambiguation, and ontology matching can be
resolved using available QA toolkits such as Frankenstein platform
(Singh et al., 2018).

In this chapter, the translation of NL questions into formal query
languages was investigated. Since this is not the final stage of
question answering, the answer formulation is still a necessary step
ahead. In the next chapter, human-generated answers to a special
kind of place-related questions, where-questions, are investigated in
detail to complete the workflow of question answering.



6
A N S W E R I N G W H E R E Q U E S T I O N S

The answering of questions is not a simple retrieval and response
of stored information; rather the process is embedded in a general
structural framework containing knowledge of the questioner, the

question, and the world around it.

— Norman (1973)

6.1 introduction

Consider the following question and its corresponding answer, taken
from the MS MARCO dataset v2.1 (Nguyen et al., 2016):

Question: Where is Putney Bridge?
Answer: Putney Bridge is a bridge crossing of the River Thames in west

London.

This where-question is answered using a place description – a
description that characterizes the location of interest (Putney Bridge)
based on a few anchor places (River Thames and London). Place
descriptions, however, are not the only way to answer
where-questions. Where-questions can also be answered via other
representations such as maps or sketches (Church et al., 2010).
Invariant to the chosen representation, the answers localize the place
in question based on its spatial relationships with chosen anchor
places (Couclelis et al., 1987). Hence, answering where-questions
poses the following challenges no matter what representation is
used:

• Generating informative answers – i.e., the answer should
complete the inquirers’ gap of knowledge in a way that
obvious or already-known responses should be avoided and
useful and necessary information are included (Shanon, 1983).
In the example, obvious, inadequate or undetailed answers

0 This chapter is based on a journal paper (Hamzei, Winter, and Tomko, 2021) and
a conference paper (Hamzei, Winter, and Tomko, 2019). My contribution as a
first author of these publications includes proposing the hypothesis and research
problem, designing the method, analysing the results and presenting the discussions
and conclusion. These works were supervised by Prof. Stephan Winter (my primary
supervisor) and Dr. Martin Tomko (my co-supervisor) who provided feedback and
suggestions.
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such as on Earth or in the UK or over a river are avoided by the
responder.

• Answering the question in a cognitively efficient manner
(Wilson and Sperber, 2002) – e.g., producing short and
straightforward place descriptions (Hamzei et al., 2020) and
personalized map labelling strategies in map visualizations
(Wilson, 2018). In the example, the responder excludes
unnecessary information such as the nearby theaters and
restaurants to keep the answer as simple and relevant as
possible.

• Determining the level of granularity of answers – e.g., a suitable
zoom level for maps (Ballatore, 2019) and referring to places of
suitable granularity in place descriptions (Hamzei, Winter, and
Tomko, 2019). In the example, the name of the roads and streets
that are connected to the bridge are neglected in the answer
based on the judgement of the responder for the relevant scale
level.

• Selecting places that can be assumed to be known by the
inquirer – e.g., labelling the places known to inquirers in maps
(Suomela, Lakkala, and Salminen, 2009) and referring to them
in place descriptions as anchors. In the example, the location of
River Thames and London are assumed to be known to the
inquirer.

Where these challenges are met by an answer, the communication
succeeds.

Addressing these challenges is a necessary step towards
answering where-questions. Corpora of human-generated answers
can be used as an information source that reflects the selectivity of
choosing anchor places in answering where-questions. The analysis
of human-generated answers can be later used to imitate such
selectivity in formulating automatic responses. The results can be
applied for generating answers to where-questions as NL responses
(place descriptions). Selecting relevant anchor places is an essential
part of generating place descriptions that succeed in answering
where-questions. Moreover, information about anchor places can be
used in static maps to be visualised in a proper context frame
(Ballatore, 2019).

In recent years, several GeoQA studies are conducted for answering
geographic questions. Previous studies provide solutions to retrieve
responses from knowledge bases (Stadler et al., 2012) and
documents (Buscaldi et al., 2006; Luque et al., 2006). GeoQA studies
are mostly focused on what/which questions about geographic
places (e.g., Scheider et al., 2020b; Vahedi, Kuhn, and Ballatore,
2016). In answering where-questions, the task is either simplified
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into retrieving stored coordinates (Luque et al., 2006; Stadler et al.,
2012), or selecting a part of text without explicit adaptation to the
question (Buscaldi et al., 2006).

Current geographic question answering systems are often focused
on coordinate retrieval as answers to where-questions (e.g., Luque
et al., 2006; Stadler et al., 2012). While coordinates are useful for
communication between location-based services to perform spatial
analysis or visualisation (Jiang and Yao, 2006), it is not necessarily a
relevant response to inquirers without a proper map visualization.
Yet, a characterization of relevant anchor places to localize a place in
question is still missing.

To enable computers to provide responses with similar qualities to
human-generated answers, the responses need to be relevant. An
answer is relevant if its positive cognitive effects to inquirers are
large and the processing effort to achieve the effect is small (Wilson
and Sperber, 2002). In other words, answers should be informative
enough and as straightforward as possible. Assuming
human-generated answers are relevant responses,
machine-generated responses should imitate the selectivity in
human-generated answer to provide useful pieces of information
and avoid unnecessary ones. Generating such relevant responses is
the major prerequisite of intelligent GeoQA as defined by Winter,
2009.

In this chapter, human-generated answers to where-questions are
investigated to inform the properties of such answers and to devise
and test a method to imitate their structures in machine-generated
responses. To achieve these goals, the information in a
where-question and its answer is modelled as an ordered set of places
that are mentioned in their content. Then the properties of places in
questions and corresponding answers are derived and further
investigated. This model forms a template (i.e., an ordered set of
place properties) that enables computers to learn and imitate human
answering behaviour. In other words, place properties are utilized to
understand why a set of places are chosen as anchors to localize the
place in question and how this selectivity can be imitated by
computers.

The properties that are used in the templates are generic
geographic information that describe the shared meaning of places
in form of generic types from a finite set of categories. Referring to
the example above, the place in question is a bridge which is
localized by referring to the river it goes over and the city it belongs
to. Here, the template captures the structure of the answer as
relationships between bridges and rivers, and bridges and cities. The
generic information captures shared meaning of geographic places.
While generic geographic information is not used in QA, it has been
used to investigate and characterize place descriptions (Edwardes
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Figure 21: Specific-generic translation approach

and Purves, 2007a; Richter et al., 2013), route descriptions (Raubal
and Winter, 2002), and regions (Tomko and Purves, 2008).

6.2 methodology

In this chapter, a generalized approach of specific-generic translation is
devised to study human answering behaviour using generic
properties. Next, a method using specific-generic translation is
devised to investigate the QA in interaction of people with a
general-purpose search engine. Other QA scenarios (e.g.,
human-human dialogue, human-social bot interaction) may require
different design of specific-generic translations.

6.2.1 Specific-Generic Translation

Figure 21 shows the proposed approach to derive characterizing
patterns in human-generated answers and generating template to
answer where-questions. The approach includes two stages: (1)
learning generic patterns where the objective is to investigate and to
characterize human answering behavior into a machine learning
model, and (2) answering questions where the model is used to
generate answers. The novelty of the approach is in the encoding of
questions and answers into their generic meaning and to model the
relation between questions and answers in their generic forms. Later,
the model is used to generate generic forms of answers to
where-questions. Finally, the answer is constructed by decoding
generic form (e.g., type) of the answer into its specific representation
(i.e., toponym).

The specific-generic translation approach involves the following
steps:

1. Selecting a set of generic information classes (e.g., place type,
scale, prominence, functions and access) based on the context
of QA and availability of data;

2. Defining a schema for each selected generic information class;
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3. Designing an information extraction approach to encode the
questions and answers into generic forms (Generic Encoder in
Figure 22);

4. Evaluating how effective each generic class is in capturing the
relation between the questions and their human-generated
answers (Generalized Patterns in Figure 22). The results of
evaluation also provide insights about human answering
behavior in the context of the QA problem.

5. Training a predictive model that can learn generalized patterns
of human-generated answers (Predictive Model in Figure 22);

6. Defining a decoding approach to map generic forms of
answers into specific (toponym) representation (Generic Decoder
in Figure 22). This step can be followed by additional steps
such as natural language generation to be used in real-world
applications.

In this chapter, the results of the first five steps are discussed in
details and the last step is only demonstrated using examples.

6.2.2 Type, Scale and Prominence (TSP) Encoding

Based on the specific-generic translation, TSP encoding is proposed
to investigate where-questions constructed only with toponyms. The
generic forms which are used to investigate these questions and
their answers are type, scale and prominence of the toponyms. In the
followings, first the terminology is presented and next the proposed
TSP encoding method is discussed in detail.

6.2.2.1 Definitions

The investigated types of where-questions are defined as:

• Toponym-Based Where-Question (TWQ): A toponym-based
where-question is a geographical where-question that is
generated completely using toponyms. For example, Where is
Beverly Hills? is a toponym-based where-question, while Where
is Clueless filmed? (without toponym) and Where can I buy
furniture? (affordance, buying furniture) do not belong to this
type.

• Simple Where-Question (SWQ): Simple where-questions are
a sub-class of TWQs that contains only one toponym in their
body (e.g., Where is Beverly Hills?).

• Detailed Where-Question (DWQ): Detailed where-questions
are a sub-class of TWQs with more than one toponym in their
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content (e.g., Where is Beverly Hills, California?). In DWQs,
contextual details are provided in the content of the questions
that shows what the inquirer already know – e.g., Beverly Hills
is located in California.

Type, scale and prominence are defined as:

• Type: A type (e.g., restaurant, mountain) is a reference to a
group of places with similar characteristics (e.g., affordance, or
physical properties). Type defines similar places and
differentiates dissimilar ones, sometimes in a hierarchical or
taxonomical manner. In this chapter, the relation between a
specific reference to a place (unambiguous toponym) and its
type is considered as a one-to-one relation.

• Scale: Scale is defined as a finite hierarchically-organized
ordinal set of levels grounded in the human understanding
and differentiation of places based on their size and their
relationships (i.e., containment). The relation between scale
and an unambiguous toponym is considered as one-to-one.
Due to the specific context of the QA scenario, very fine levels
of scale of geographic entities, such as room-level or
object-level, can be neglected here, while in everyday
human-human communication these levels of scale may have a
more important role.

• Prominence: Prominence is a measure of how well-known a
place is. In this research, prominence is characterized by a
finite ordinal set of levels. While prominence of places is
subjective and differs from person to person based on their
experience, here prominence is considered as an absolute and
objective measure to rank places, established through a proxy
measure defined later. This approach enables to avoid
individual experiential biases and is supported by the evidence
of success in day to day communication in which the absolute
prominence evaluation is adapted between hearers and
speakers.

Type, scale and prominence are used to characterize place
descriptions (Edwardes and Purves, 2007a; Richter et al., 2013).
These geographic concepts can be used to capture different kinds of
relationships among places. These relationships can be used to
understand the relation between where-questions and their answers.
For example, such relationships between rivers and seas (flows to),
and cities and countries (part of ) can be captured using place type.
Considering the relation between where-questions and their
answers, containment (different levels) and nearness (a same level) can
be captured through differences among scale levels. Finally,
prominence is a measure to check whether the answer is
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interpretable by the inquirers – i.e., more prominent places are
expected to be better known by inquires.

The aspects of human-generated answers which are investigated in
this chapter are defined below:

• Content: The content of an answer is a collection of distinct
information units that are presented to satisfy the inquirer’s
information need. Content can be generic (e.g., type) or specific
(e.g., toponym). Content is the most important aspect of the
answers, in a way that the difference between correct and
incorrect responses are completely based on their content.

• Style: The style of an answer is the way that the content is
presented. Style directly influences the perception of
naturalness of the response. Referring to the introductory
example, . . . Putney Bridge is a bridge crossing of the River Thames
in west London and . . . Putney Bridge is a bridge in west London
which goes over River Thames are two different styles of answers
(with same content) to the question. Here, the former is
preferred by the responder.

6.2.2.2 TSP Sequences

In TSP encoding, sequence representations of generic/specific
information are selected to model the questions and answers. A
sequence is defined as an ordered set of items (here, references to
generic/specific geographic information). First, questions and their
corresponding answers are modelled as sequences of toponyms
(specific representation). Then, these toponym sequences are
encoded into type, scale and prominence sequences by translating
each specific toponym into its corresponding generic type, scale and
prominence reference. Referring to the introductory example, the
specific representations (toponym sequences) and the encoded type
sequences (an example of a generic sequence) of question and
answer are presented below:

• Toponym sequences: [Putney Bridge] [River Thames, London]

• Type sequences: [bridge] [river, city]

Here, the content refers to the information items in the sequences, and
their order defines the style in which the information is presented.

6.3 implementation

Figure 22 shows the proposed workflow1 to investigate TWQs and
their answers. In the following sections, the details of the dataset,

1 Additional details of implementation are presented in Appendix C, Section C.1
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Figure 22: The proposed implementation approach

and extraction, encoding, pattern mining and prediction methods are
discussed. A complete implementation of the proposed TSP encoding
approach also includes decoding from generic to specific information.
Here, the decoding step is demonstrated through examples, and a
fully automated implementation remains out of scope of this chapter.

6.3.1 Data

The questions in MS MARCO v2.1 (Nguyen et al., 2016) are
categorized into five categories using tags: (1) numeric, (2) entity, (3)
location, (4) person, and (5) description (Nguyen et al., 2016).
Geographic questions can thus be easily extracted using the
predefined location tag. The dataset contains over one million records
divided into training, development and testing subsets.

Each record in the dataset includes a question, human-generated
answer(s) (except for records in the test dataset, where the answers
are deliberately excluded), a tag, and a set of documents retrieved by
the Microsoft Bing search engine2.

The ‘location questions’ in MS MARCO (56,721 question-answer
pairs) include 36,939 geographic questions, and the remainder are
questions about fictional, mystic and other non-geographic places
(Hamzei et al., 2020). Among the geographic questions, 13,195 pairs
of questions and answers are geographic where-questions (Hamzei
et al., 2020).

There are several reasons to choose MS MARCO for this study
considering other available datasets such as SQuAD (Rajpurkar
et al., 2016):

• MS MARCO is the largest available QA dataset;

• The questions are labelled and geographic questions can be
easily extracted;

• All questions are asked in a specific real-world scenario (i.e.,
Web search);

• Inquirers pose questions to resolve their information needs
while in some datasets such as SQuAD, questions are made

2 More information about the dataset can be found in: https://github.com/dfcf93/
MSMARCO

https://github.com/dfcf93/MSMARCO
https://github.com/dfcf93/MSMARCO
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from documents. In other words, questions in SQuAD is more
about what a document can answer rather than what actual
inquirers want to know.

• The answers are provided using an open form strategy. The
answerers can utilize suggested documents (one or more) and
their own knowledge to answer a question. Hence, the answers
are not directly extracted as a single span of a document.

6.3.2 Extraction

First, the questions are extracted using the location label when they
start with a where-token. Next, the text is the toponyms inside the
questions and answers are identified using Named Entity
Recognition (NER) and gazetteer lookups using both OSM
Nominatim and Geonames gazetteers. Here, the Stanford NLP
toolkit is used to extract named entities (Finkel, Grenager, and
Manning, 2005). In this step, if a compound noun phrase is tagged
as location, first the compound noun is checked by gazetteer lookup;
if it is not identified, then its constituent simple nouns are checked.
If a compound or simple noun phrase is found in both gazetteers, it
is stored as a toponym. For the extracted toponyms, the gazetteers
records are retained if (1) the OSM and Geonames records have
same name, and (2) the Geonames’ point-based coordinates are
inside the region-based representation of their corresponding OSM
records.

The toponym disambiguation is then undertaken based on the
minimum spatial context heuristic (Leidner, Sinclair, and Webber,
2003). Here, the bounding boxes are used to determine which
combination of the geographic locations satisfy the minimum spatial
extent condition. In cases of duplicate places in GeoNames which
lead to the same bounding boxes, the combination with more
specific place types is selected. For example, populate place (PPL) is
a place type in GeoNames which could be a village, city, state and
even country. Hence, administrative divisions (e.g., state) are chosen
over the populated places. Finally, if the toponym ambiguity still
exists, the importance value is used to select the more prominent
combination.

More sophisticated heuristics in toponym disambiguation (e.g.,
Lieberman and Samet, 2012; Wang et al., 2010) are not used due to
reliance on significant assumptions – e.g., the relation between place
types in the toponyms, city-country relation. These heuristics
constrain the relationships between type, scale and prominence of
resolved places in the text. This may impact the results of this study
and lead to stronger associations based on type, scale and
prominence between toponyms in questions and answers. Here, to
present fair results, these disambiguation methods are avoided.
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6.3.3 Encoding

The gazetteers’ attributes for the extracted toponyms have been used
as proxies to capture type, scale and prominence of the toponyms in
questions and answers. Using these proxies, the sequence
representations for each question-answer pair are encoded into TSP
sequences.

Type: The Geonames type schema3 has been used without
modification to encode generic place types. This schema contains
667 unique types of geographic features, covering both natural and
man-made geographic types.

Scale: To capture scale, the schema from Richter et al., 2013 are
extended in this study. This schema contains seven levels of
granularity: (1) furniture, (2) room, (3) building, (4) street, (5) district,
(6) city, and (7) country. The coarse levels of granularity are
extended by adding county, state, country, and continent, and
removing the furniture and room levels from the schema. OSM
records include an attribute related to the OSM definition of scale
(i.e., place_rank4), a number between 0 to 30. The extracted
gazetteers’ records are translated into the appropriate scale level
based on a look-up table that maps OSM scale levels into the
proposed scale schema (see Appendix C, Section C.1).

Prominence: To capture prominence, the importance attribute in
the extracted OSM Nominatim record is used. The OSM importance
value is estimated using Wikipedia importance score (Thalhammer
and Rettinger, 2016) with some minor tweaks5. The value is defined
between 0 and 1, and it is designed to be used for ranking search
results. These values are translated into seven finite levels of
prominence, derived by natural breaks classification (Jenks, 1967) of
the frequency spectrum of the values.

6.3.4 Distribution Analysis and Rule Mining

Distribution analysis and rule mining techniques are used to extract
and investigate patterns in the human-generated answers and the
relation between the questions and their answers. Distributions of
type, scale and prominence sequences are used to compare the
questions and answers, and SWQs versus DWQs. To derive patterns
in the questions and their answers, association rule mining, a-priori
algorithm (Agrawal and Srikant, 1994), is used.

The strength of the extracted rules are evaluated using the
standard measures – i.e., support, confidence, and lift. Support defines

3 https://www.geonames.org/export/codes.html

4 https://wiki.openstreetmap.org/wiki/Nominatim/Development_overview

5 https://lists.openstreetmap.org/pipermail/geocoding/2013-August/000916.

html

https://www.geonames.org/export/codes.html
https://wiki.openstreetmap.org/wiki/Nominatim/Development_overview
https://lists.openstreetmap.org/pipermail/geocoding/2013-August/000916.html
https://lists.openstreetmap.org/pipermail/geocoding/2013-August/000916.html
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how frequently an association rule is observed in the whole dataset,
and confidence determines how often the rule is true. Lift is a
measure to evaluate the importance of the rules – i.e., lift greater
than one shows positive and strong dependency among the
elements of the extracted rule.

6.3.5 Prediction

The input for the prediction is an encoded sequence of TWQs, and
the output is the generic sequence of their corresponding answers.
The problem can then be formulated as a sequence prediction from
concatenated generic sequences for the questions and their answers,
where a part of a sequence is known, and the rest is predicted.
Table 27 shows the sequence prediction methods which are used in
this study. In the implementation, an open-source toolkit for
sequence analysis (Fournier-Viger et al., 2016) is used and extended
to implement the prediction methods.

These classic methods are divided into probabilistic (Cleary and
Witten, 1984; Padmanabhan and Mogul, 1996; Pitkow and Pirolli,
1999) and non-probabilistic categories (Gueniche et al., 2015;
Gueniche, Fournier-Viger, and Tseng, 2013; Laird and Saul, 1994; Ziv
and Lempel, 1978). The probabilistic methods are based a graph
representation of conditional probabilities (Cleary and Witten, 1984)
or Markov chain’s transition probability matrix (Padmanabhan and
Mogul, 1996; Pitkow and Pirolli, 1999) of the sequence elements. The
non-probabilistic methods compress the sequences in a lossy (Laird
and Saul, 1994; Ziv and Lempel, 1978) or lossless approaches
(Gueniche et al., 2015; Gueniche, Fournier-Viger, and Tseng, 2013)
into tree-based (Gueniche et al., 2015; Gueniche, Fournier-Viger, and
Tseng, 2013) or graph-based (Laird and Saul, 1994) data structures
(for a review of sequence prediction methods see Tax, Teinemaa, and
Zelst, 2020).

The structure of sequence and the relation between prior elements
in the sequence to their succeeding elements are trained into a
model. The model is then tested on an unseen part of data using
K-fold cross validation (K=10). Two baseline methods are considered
to evaluate the performance of the sequence prediction methods: (1)
random sequence generation and (2) most frequent pattern.

The random generation baseline only utilizes the schema of type,
scale and prominence without any information about the
distributions of values in the answers. The most frequent patterns
baseline predicts templates of answers using the schema and the
distribution of generic references in the answers. The difference
between the prediction performances of random generation and the
most frequent patterns shows the impacts of using the distribution
of generic values in generating templates of answers. The sequence
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Table 27: Sequence prediction methods

Method Publication Year

Lampel-Ziv 1978 (LZ78) (Ziv and Lempel, 1978) 1978

First order Markov Chains (Mark1) (Cleary and Witten, 1984) 1984

Transition Directed Acyclic Graph (TDAG) (Laird and Saul, 1994) 1994

Dependency Graph (DG) (Padmanabhan and Mogul, 1996) 1996

All-k-Order Markov Chains (AKOM) (Pitkow and Pirolli, 1999) 1999

Compact Prediction Tree (CPT) (Gueniche, Fournier-Viger, and Tseng, 2013) 2013

Compact Prediction Tree Plus (CPT+) (Gueniche et al., 2015) 2015

prediction methods also consider the relation between generic values
in the questions to their answers. Consequently, the improvement in
generating the templates compared to the most frequent patterns
baseline is related to the association between generic values of
questions and their answers.

In prediction, each generic form of questions is used to predict the
same generic form of their answers. In addition, an approach is
devised to predict one of the generic forms of an answer using all
generic forms (i.e., type, scale and prominence) of its corresponding
question. Algorithm 1 shows the process to use all three
type/scale/prominence sequences to predict a generic form of the
answers in each generic class. Here, each combination of type, scale
and prominence values are mapped to a unique code. Using these
codes, a new sequence is generated for each question/answer to
capture type, scale and prominence together. Next, these sequences
are used to predict the generic form of answers. Finally, a reverse
mapping is used to decode these sequences into type, scale and
prominence sequences.

Algorithm 1 Training and prediction based on type-scale-prominence
together

1: procedure TSP_Prediction(type, scale, prominence)
2: generate a code for each unique combination of type-scale-

prominence (TSP)
3: create encoded sequences based on generated TSP codes
4: train a model to predict TSP in answers based on TSP in the

questions
5: for every question do
6: given a question (TSP); predict the answer (TSP)
7: decode the predicted answer (TSP) to answer

(type/scale/prominence)
8: if multiple predictions are allowed then
9: avoid counting duplicate decoded values for

type/scale/prominence

10: end if
11: end for
12: end procedure



6.4 results 121

Table 28: Extraction evaluation

Extraction #Extracted #Investigated Precision Recall

TWQs 6274 314 (5%) 91.7% (288 out of 314) –

SWQs 3285 121 out of 288 89.4% 90.2%

DWQs 2989 167 out of 288 92.7% 92.1%

Toponyms 22307 1133
6

88.6% 90.8%

Table 29: Encoding results

Encoding #TWQs #SWQs #DWQs

Type sequences 6,274 3,285 2,989

Scale sequences 3,936 1,985 1,951

Prominence sequences 6,051 3,098 2,953

6.4 results

6.4.1 Extraction and Encoding

The assessment of toponym extraction, finding TWQs, and
categorizing the questions into SWQs and DWQs are presented in
Table 28. Here, average precision and recall of the extraction results
are calculated using manually annotated data (5% of TBWQs and
their answers). For the task of finding TWQs in the dataset, the false
negatives (TWQs that have not been extracted) are not investigated,
hence the recall is unknown.

As shown in Table 28, 6,274 TWQs and their answers are found
in the dataset. The TWQs are approximately 11.1% of the location
questions of the dataset. For evaluation, 5% of extracted TWQs (314

questions) are investigated and the precision of extraction is 91.7% –
i.e., 288 of 314 extracted questions are TWQs. Using the 288 TWQs,
the precision and recall of extracting toponyms and classifying the
questions to SWQs and DWQs are presented in Table 28.

Table 29 shows the number of records that are completely
encoded for question-answer pairs in type, scale and prominence
sequences. Here, if even the information for one place (which is
mentioned either in the question or its answer) is missing, the
question and its answer are not used to extract patterns or test the
predictability of generating generic form the answer. As shown in
the table, the encoding into scale and prominence is not always
possible due to incompleteness of attribute information (i.e.,
place_rank and importance) in OSM Nominatim.
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Figure 23: Distribution of place types in the questions and in the answers.

Figure 24: Distribution of levels of scale in all toponym-based where
questions and answers.

6.4.2 Distributions

The distribution of TWQs and their answers based on type, scale and
prominence are shown in Figures 23

7, 24 and 25. Figure 23 shows that
the diversity of types in the questions is higher than in the answers.
While administrative divisions are more frequent than other generic
types in both questions and answers, they are more dominant in the
answers.

Figure 24 shows the scale in the answers is systematically one
level coarser than in the questions. In addition, the distribution
shows that city-level and state-level scales are frequently observed in
the questions, while the answers mostly contain references of county
and country levels of scale. The results further show that the coarsest
level of scale (i.e., continent level) is rarely observed in the answers.
This observation shows an answer at the continent level would be
under-specified in most cases, and therefore uninformative.

The distributions of prominence levels in questions and answers
are similar to the distributions by scale (Figure 25). In the questions,
a bi-modal distribution of levels of prominence in the content of
questions cab be observed. The distribution of prominence in the

7 The codes for place types are described in AppendixC
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Figure 25: Distribution of prominence levels in the questions versus answers

Figure 26: Distribution of types in the SWQs versus DWQs.

answers, however, shows that higher levels are dominant. In contrast
to the distributions by scale, the most prominent level is dominant in
the answers. Hence, people tend to refer to well-known places in
their answers. Unlike with scale, the highest levels of prominence do
not necessarily lead to obvious or irrelevant answers.

Figure 30 shows the distributions of place types in SWQs and
DWQs. In DWQs, administrative divisions are almost twice as
frequent as in SWQs. The extra detail (additional toponyms)
included in the content of DWQs dominantly refers to
administrative divisions. For example, Where in California is
Disneyland? can be viewed as a SWQ, Where is Disneyland?, with
extra details that shows what the inquirer already knows about its
coarse location (in California). Hence, the differences between the two
distributions illustrate where the additional detail is included.

Answers to SWQs (Figure 31) have a linearly incremental
distribution (except for the coarsest level of scale). The figure shows
the answers are generated with toponyms that belong to coarser
levels of scale compared to places mentioned in the SWQs. The
distribution of scale in the answers to DWQs shows a dominance of
references to places of scale between the two mean values of the
questions’ bi-modal distribution. Thus, people tend to generate
responses at a level of scale greater than that of the place that is
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Figure 27: Distribution of the levels of scale in the SWQs versus DWQs.

asked for, and lower than the scale of the places mentioned as
additional details. This is because places at a same or coarser level of
scale than the places in questions would lead to obvious, and hence
irrelevant, answers. The clear distinction of the difference in
answering SWQs and DWQs are shown in Table 46, enabling the
comparison of the levels of scale of places identified in the questions
and their answers.

Figure 32 shows the distribution of prominence in SWQs, DWQs,
and their answers. The results show that people ask about
less-known places and answer referring to well-known ones. In
DWQs, both less-known and well-known places are frequently
observed. The well-known places in DWQs are the details presented
in the content of the questions. In DWQs, inquirer’s state of
knowledge can be estimated better, because the question contains
what they already know and what they want to find out. Similar to
the pattern observed based on scale, prominence levels of places in
the answers to DWQs are mostly between the levels of prominence
of the toponyms mentioned in their corresponding questions
(Table 47).

6.4.3 Extracted Rules

To study the structure of human-generated answers and their
association with their corresponding where-questions, association
rule mining is used to identify strong rules. The association rules
extracted from the answers can be used to describe how answers are
constructed in detail. The relationship between the content of the
questions and their answers can thus also be further investigated
using the extracted rules.
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Table 30: Comparison of levels of scale in the answers compared to their
questions

Level of scale in answers Lower than Equal (Between) Greater than

SWQ

each value 17.0% 13.1% 69.9%

min value 25.8% 16.0% 58.2%

median value 14.5% 14.9% 70.6%

max value 10.6% 5.9% 83.5%

DWQ

each value 7.2% 59.6% 33.2%

min value 10.5% 77.7% 11.8%

median value 6.7% 77.3% 16.0%

max value 3.9% 40.8% 55.3%

Figure 28: Distribution of prominence levels in the SWQs versus DWQs
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Table 31: Comparison of prominence levels in the answers compared to their
questions

Prominence level in answers Lower than Equal (Between) Greater than

SWQ

each value 19.8% 12.5% 67.7%

min value 30.7% 14.7% 54.6%

median value 19.4% 9.5% 71.1%

max value 9.7% 7.9% 82.4%

DWQ

each value 8.7% 68.4% 22.9%

min value 13.0% 77.9% 9.1%

median value 6.8% 79.7% 13.5%

max value 3.5% 55.6% 40.9%

Table 32: Extracted rules from type sequences

Rank rule support confidence lift frequency

Simple where-questions

1 {A-ADM2} =>{A-ADM1} 0.15 0.52 1.28 478

2 {Q-ADM1} =>{A-PCLI} 0.08 0.74 1.69 259

3 {A-ADM1,A-ADM2} =>{A-PCLI} 0.08 0.54 1.24 259

4 {Q-ADM2} =>{A-PCLI} 0.06 0.52 1.21 188

5 {Q-PPL,A-ADM2} =>{A-PCLI} 0.04 0.54 1.23 112

Detailed where-questions

1 {Q-ADM1} =>{A-ADM2} 0.57 0.76 1.12 1701

2 {Q-ADM1} =>{A-PCLI} 0.38 0.50 1.13 1126

3 {A-PCLI} =>{A-ADM2} 0.35 0.79 1.17 1053

4 {A-ADM2,Q-ADM1} =>{A-PCLI} 0.31 0.54 1.21 916

5 {Q-PPL} =>{A-ADM2} 0.22 0.78 1.15 656

Tables 32-34 show the top five extracted rules (based on
frequency/support) for type, scale and prominence, respectively. In
the tables, the values starting with Q- relate to the contents of the
questions and the values starting with A- to the content of the
corresponding answers. As shown in the tables, some rules describe
the structure of answers (e.g., {A-ADM1, A-ADM2} =>{A-PCLI})
while the others describe the relationships between questions and
answers (e.g., {Q-ADM2} =>{A-PCLI}).

Table 32 shows the dominant role of administrative divisions in the
human-generated answers. Association rules extracted based on the
scale (Table 33) show the greater-than and between levels of the answers
to SWQs and DWQs. The top five patterns of answers are mostly
constructed with references to the highest level of prominence (A-
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Table 33: Extracted rules from scale sequences

Rank Rule support confidence lift frequency

Simple where-questions

1 {Q-6} =>{A-9} 0.21 0.55 1.01 417

2 {Q-6} =>{A-8} 0.20 0.54 1.24 404

3 {A-7} =>{A-9} 0.16 0.56 1.73 307

4 {Q-6} =>{A-7} 0.15 0.54 1.37 295

5 {A-7} =>{A-8} 0.15 0.54 1.25 293

Detailed where-questions

1 {Q-8} =>{A-7} 0.65 0.80 1.08 1277

2 {Q-6} =>{Q-8} 0.49 0.81 0.99 952

3 {Q-6} =>{A-7} 0.48 0.80 1.07 940

4 {A-9} =>{Q-8} 0.45 0.87 1.07 887

5 {A-7,Q-6} =>{Q-8} 0.42 0.88 1.07 823

Table 34: Extracted rules from prominence sequences

Rank Rule support confidence lift frequency

Simple where-questions

1 {A-4} =>{A-7} 0.14 0.54 1.09 425

2 {A-5} =>{A-7} 0.13 0.50 1.02 417

3 {Q-3} =>{A-7} 0.12 0.52 1.05 382

4 {Q-6} =>{A-7} 0.08 0.58 1.18 260

5 {Q-4} =>{A-7} 0.08 0.53 1.07 250

Detailed where-questions

1 {Q-6} =>{A-4} 0.32 0.56 1.19 957

2 {Q-6} =>{A-7} 0.30 0.51 1.06 884

3 {A-4} =>{A-7} 0.25 0.54 1.11 742

4 {Q-3} =>{Q-6} 0.24 0.54 0.93 695

5 {Q-3} =>{A-7} 0.22 0.51 1.04 650
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7). This shows the major impact of prominence in human answering
behavior to where-questions – i.e., people refer to prominent places
in answering where-questions.

Tables 32, 33 and 34 show that stronger association rules with
higher support are extracted from DWQs in comparison to SWQs.
The rules show strong associations between antecedent and
consequent parts of the extracted rules with lift value greater than
one. The results show that stronger rules with higher confidence and
support are extracted using scale in comparison to type and
prominence.

The tables only present the extracted rules with highest frequency
and support. These tables show how a small set of generic rules
describes a large proportion of data in the MS MARCO dataset.
Sorting rules by confidence or lift will change the order of the rules.
For example, the maximum lift (equal to 8.93) in the extracted rules
belongs to {Q-6, Q-9} =>{A-8} for detailed-where questions using
scale. The frequency of this rule is 43, and it describes the relevant
scale level (between minimum and maximum levels of the question)
for detailed where-questions. The maximum confidence is 0.93 for
detailed where-questions encoded by type. This association rule is
{Q-PPLA2, Q-ADM1} =>{A-ADM2} with a frequency 109. This rule
describes that populated places in detailed where-questions are mostly
localized by referring to counties they belong to.

6.4.4 Predicting the Generic Form of Answers

The predictability of the generic sequence of an answer given the
generic sequence of the corresponding question are assessed using
the accuracy measure. Here, different prediction scenarios are
considered including (1) the same generic class prediction (e.g.,
predicting type sequence of answers using type sequence of
questions), and (2) prediction of one generic class using all generic
classes (e.g., predicting type sequence of answers using
type/scale/prominence sequences of questions, see Algorithm 1).

The prediction accuracy is used to evaluate prediction of content
and content-and-style of the answers. Referring to the introductory
example, if the type sequence of the answer is predicted as [river,
city] then it is captured as a correct prediction for both content and
content-and-style. The other permutation of this sequence (i.e., [city,
river]) is considered as a correct prediction of content and incorrect
prediction for content-and-style. Evidently, any other type sequence
is an incorrect prediction for both content and content-and-style
scenarios.

Each prediction scenario is applied over all questions, SWQs and
DWQs to investigate the impacts of question types on the prediction
accuracy. Each scenario is tested using all six sequence prediction
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methods and is compared with the two baseline approaches (i.e.,
random generation and most frequent patterns). Only the best
prediction performances among the six sequence prediction methods
are presented. The best performance is the maximum prediction
accuracy achieved by one of the methods for a prediction scenario.
Prediction performance when multiple predictions are allowed is
also evaluated using prediction accuracy – i.e., top-k predictions for k

from one to five. In top-k predictions, k unique sequences are
predicted for each answer and if one of the sequences matches with
the generic form of the answer then the prediction is successful.

Table 35 shows the best performances in predicting type
sequences of answers. The prediction accuracy based of TSP
sequences is noticeably higher than that of predictions using only
type sequences. This shows a complementary role of scale and
prominence in predicting type sequence of the answers.

Contrasting DWQs and SWQs shows that extra details in DWQs
are useful for prediction of the generic form of answers. As shown
in the results, the subjectivity in style of answers and flexibility of
language to convey information lead to noticeable less accuracy in
prediction of content-and-style of answers in comparison to
prediction of content. This observation is related to the flexibility of
natural language, in which the same meaning can be presented in
different ways. Finally, the number of predictions (k in the table)
shows that the accuracy dramatically increases in the case of
multiple predictions.

Tables 36 and 37 show that compared to type sequence prediction,
the TSP sequences contribute less effectively in predicting the
prominence and scale sequences – i.e., only slightly improve the
prediction accuracy. When considering multiple predictions, TSP
sequences lead to worse results than prominence sequences or scale
sequences alone. This can be explained by overfitting to specific
patterns in the training dataset. Here, overfitting is observed because
the schema of types is more than 20 times larger than the scale and
prominence schemas. Hence, using type in prediction of scale or
prominence leads to very detailed patterns that are not generalizable
enough and decrease the prediction accuracy on unseen data.
Finally, scale is the most predictable, and prominence is the least
predictable generic class. Similar to the observations based on type
prediction performances, DWQs are more predictable than SWQs
based on scale and prominence.

Table 38 shows the improvement of accuracy in best prediction
performances compared to two baselines – i.e., random generator,
and most frequent pattern(s)8. The minimum improvement is +18.3%
in prediction of type sequences of answers using type sequences of
questions in comparison to the most frequent pattern(s). This

8 Details are presented in Appendix C, Section 1
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Table 35: Prediction accuracy for type sequences

#Predictions (k) Content Content and Style

Type→ Type TSP→ Type Type→ Type TSP→ Type

All questions

1 45.2 55.7 29.0 40.7

2 68.9 77.1 44.6 60.5

3 80.2 83.3 57.8 73.3

4 83.6 84.7 64.0 76.1

5 84.4 85.5 68.3 77.4

Simple where-questions

1 39.5 47.5 14.2 27.4

2 60.8 69.4 32.7 48.5

3 73.2 75.8 48.2 63.4

4 77.2 77.5 58.1 66.2

5 78.5 78.2 63.1 67.0

Detailed where-questions

1 59.1 67.3 47.1 59.6

2 80.4 88.7 61.3 76.3

3 84.0 91.2 65.9 84.4

4 88.0 91.3 73.6 86.4

5 88.5 92.1 75.6 87.1
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Table 36: Prediction accuracy for scale sequences

#Predictions (k) Content Content and Style

Scale→ Scale TSP→ Scale Scale→ Scale TSP→ Scale

All questions

1 55.0 56.7 38.2 42.2

2 79.4 79.2 61.0 62.8

3 91.6 86.1 79.0 76.0

4 96.3 88.7 92.0 81.9

5 98.0 89.3 96.0 83.5

Simple where-questions

1 48.5 49.5 20.4 28.6

2 79.6 71.8 49.1 49.8

3 89.9 78.3 71.9 67.0

4 95.6 81.8 90.3 74.0

5 97.5 82.6 94.9 75.5

Detailed where-questions

1 69.6 68.2 59.8 60.6

2 88.4 89.6 78.4 77.3

3 95.8 93.3 88.6 87.1

4 97.5 95.2 94.8 92.1

5 98.6 95.2 97.0 92.7

Table 37: Prediction accuracy of prominence sequences

k Content Content and Style

Prominence→ Prominence TSP→ Prominence Prominence→ Prominence TSP→ Prominence

All questions

1 50.8 53.0 19.9 30.7

2 74.1 73.4 39.2 49.1

3 85.0 81.9 61.6 66.4

4 92.1 86.7 79.2 77.1

5 96.1 88.6 89.2 81.8

Simple where-questions

1 45.4 45.6 14.3 19.5

2 75.4 69.4 34.9 39.1

3 84.7 77.0 54.5 56.9

4 91.3 80.5 73.7 68.2

5 95.6 81.9 87.9 72.7

Detailed where-questions

1 53.3 58.2 26.9 43.8

2 75.1 80.0 50.9 60.4

3 86.0 88.9 70.9 78.4

4 93.1 93.0 82.5 87.0

5 96.8 95.4 91.9 92.6



132 answering where questions

Table 38: Accuracy improvement using sequence prediction compared to the
baselines

Prediction Scenario Random Most Frequent Pattern(s)

Type→ Type +48.9% +18.3%

Scale→ Scale +58.1% +27.6%

Prominence→ Prominence +39.2% +30.4%

TSP→ Type +61.6% +31.0%

TSP→ Scale +54.1% +23.6%

TSP→ Prominence +42.3% +33.5%

Overall +50.7% +27.4%

observation shows that strong patterns exist in the distributions of
answers and consequently, the baseline method performs well in
prediction of type sequences of answers. The strongest improvement
is +61.6% when comparing the best predictive performance of type
sequences using type/scale/prominence sequences together,
compared to the random baseline. This is because of the large
number of distinct types in type schema that lead to false
predictions for the random baseline. The accuracy improvements
illustrate the strong relationship between the generic content of
questions and generic content of their answers.

To compare the sequence prediction methods, the difference
between the prediction accuracy of each method to the best
performance achieved by all methods is used to define the best
performing method for each prediction scenario. Table 39 shows the
root mean square error (RMSE) for each sequence prediction method.
The RMSE shows how well-performed a method is in comparison to
other methods. If the RMSE of a method is lower than others, the
prediction accuracy of the method is higher than the others. The
prediction scenarios in Table 39 are simplified groups of actual
predictions. For example, prediction scenario of scale is related to
predicting scale sequences of answers using (1) scale sequence of
questions or (2) type/scale/prominence sequences of questions.

As shown in Table 39, in all scenarios the CPT method is the best
performing method and TDAG performs worst based on the RMSE
values. The results suggest that CPT is the best method to construct
predictive models to predict the generic form of answers.

6.5 demonstration : from generic to specific

Translating generic encoding of answer to specific form (e.g., type
sequence to toponym sequence) is the last phase in the proposed
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Table 39: RMSE of sequence prediction methods

Prediction Scenario LZ78 Mark1 TDAG DG AKOM CPT CPT+

Type 7.4% 15.2% 21.8% 13.4% 17.3% 7.1% 12.9%

Scale 9.8% 12.5% 17.9% 10.6% 14.3% 5.7% 11.8%

Prominence 8.7% 13.3% 19.2% 9.9% 15.2% 4.9% 11.5%

Content 8.9% 15.5% 22.7% 9.1% 17.4% 1.9% 10.2%

Content and Style 8.6% 11.7% 16.1% 13.2% 13.7% 8.2% 13.8%

approach. The approach to the generic-to-specific translation
problem is grounded in the following assumption: places mentioned in
the questions have relationships to places referred to in their answers, and
these relations can be found in a knowledge base. In addition, the specific
form of questions and generic form of answers are available through
encoding and prediction, respectively. Based on this assumption and
the available information, the specific form of answer can be derived
using a SPARQL query template (Query 9). While the structure of a
suitable knowledge base for this purpose has been studied before by
Chen et al., 2018, no such knowledge base is yet available with the
definitions of type, scale and prominence as used in this study.
Hence, the translation is only demonstrated here using the
introductory example9.

DBPedia (Auer et al., 2007) and Geonames are used as sources to
demonstrate how SPARQL queries can be used to find specific forms
of answers. Considering the information stored in DBPedia and
Geonames, this demonstration is limited to type sequences of the
answers because the prominence and scale are not available in the
place ontology of these knowledge bases. Even the type schema
used in DBPedia is different from the Geonames’ type schema, and
consequently in the following example, mapping to the DBPedia
type schema is done manually.

PREFIX [KNOWLEDGE BASE]

SELECT distinct ?question ?answer

WHERE {

VALUES ?question [SPECIFIC] .

?answer a [GENERIC] .

{?question ?r ?answer} UNION {?answer ?r ?question} .

}

Query 9: SPARQL template

Referring to the introductory example, the where-question and its
answer is modelled as follows:

• specific representation (question): [Putney Bridge];

9 More examples are provided in Appendix C, Section C.4
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• TSP encoding (question): type sequence [BDG], scale sequence
[4], prominence sequence [3];

• TSP encoding (answer): type sequence [STM, ADM2], scale
sequence [6, 6], prominence sequence [6, 7];

• specific representation (answer): [River Thames, London]

The SPARQL queries for finding the specific forms of answers are
presented in Queries 16 and 17 using DBPedia and Geonames
ontologies. The results of these queries are shown in Table 50. Using
DBPedia, the generic forms are correctly translated into River
Thames and London. However, the generic to specific translation
using Geonames is partially successful. In Geonames, places are
conceptualized as points and it supports only containment. This
example shows that point-based conceptualization of places is not
sufficient for generic to specific translation and more diverse
support of spatial relationships can be useful to find the correct
specific forms.

PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT distinct ?q1 ?a1 ?a2 WHERE {

VALUES ?q1 {<http://dbpedia.org/resource/Putney_Bridge>}

?a1 a dbo:PopulatedPlace .

{?a1 ?r1 ?q1} UNION {?q1 ?r1 ?a1} .

?a2 a dbo:River .

{?a2 ?r2 ?q1} UNION {?q1 ?r2 ?a2} .

}

Query 10: SPARQL query of the example (DBPedia)

PREFIX gn: <http://www.geonames.org/ontology#>

SELECT distinct ?q1 ?a1 ?a2 WHERE {

VALUES ?q1 {<http://sws.geonames.org/6619925/>}

?a1 gn:featureCode gn:A.ADM2 .

{?a1 ?r1 ?q1} UNION {?q1 ?r1 ?a1} .

?a2 gn:featureCode gn:H.STM .

{?a2 ?r2 ?q1} UNION {?q1 ?r2 ?a2} .

}

Query 11: SPARQL query of the example (Geonames)

6.6 discussion

The results of the proposed method show how generic information
can be used to characterize and imitate human answering behavior
to generate templates for answering the questions. While the results
are limited to the human-search engine interaction, the proposed
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Table 40: SPARQL results to find specific form of the answer

Knowledge Base Q1 A1 A2

DBPedia Putney Bridge London River Thames

Geonames Putney Bridger London –

methodology (specific-generic translation) is flexibly defined to be
applicable to other QA scenarios as well.

Type, scale and prominence are considered as generic classes to
investigate the MS MARCO dataset. Their potentials are compared in
describing human answering behavior and their performances in
predicting the generic forms of the answers. As a result, two major
observations are reported.

First, while strong patterns for each generic class have been
observed, scale is found as the most predictive class. This is because
where-questions are a specific subset of spatial questions and scale
directly captures inherent spatial aspect of places. Meanwhile, in the
notions of type and prominence, other aspects of places contribute
as well – e.g., functional and physical aspects. In addition, scale is a
generic class that captures hierarchical relationships between places,
and previous studies show that these relationships are the basis for
answering where-questions (Shanon, 1983). Moreover, type is a
better measure than prominence in both characterizing and
predicting human-generated answers. This observation is highly
influenced by the proxies used to capture type and prominence.

Second, when comparing SWQs and DWQs, the result shows that
the generic templates to answer to DWQs, compared to SWQs, can
be generated more accurately. Stronger rules and patterns are
extracted in the answers to DWQs than in answers to SWQs. This is
because DWQs contain richer details which helps narrowing down
the list of possible relevant answers. To illustrate this point, two
examples are provided (1) Where in California is Beverly Hills? and (2)
Where is Beverly Hills? In the first question, the list of possible
relevant answers is narrowed down to Los Angeles County because
the inquirer already knows it is in California. For the latter,
respondents are free to subjectively guess the state of the inquirer’s
geographic knowledge and provide answers such as Los Angeles
County, California, and United States.

6.7 conclusions

Generating responses with a similar quality to human-generated
answers is a challenge to current search engines and QA systems. In
particular, where-questions are hard to answer because the
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responses can sometimes be either vague or obvious to the inquirers.
To avoid generating ambiguous or obvious responses or retrieving
unnecessary information as a part of the answers, a proper set of
anchor places must be identified to localize the place in question.
The assumption that answers to where-questions can be found
completely, without any further modification, inside a textual
document or as a node or its properties in a knowledge base may
not hold in general. Consequently, an approach is introduced to
generate templates to answer where-questions based on relevant
pieces of information.

The approach is based on the automatic extraction of patterns of
generic geographic forms from human-generated QA. These
captured in predictive models and are used to generate templates of
answers similar human-generated responses. Three generic classes
(i.e., type, scale and prominence) are used to investigate the
properties of the anchor places in human-generated answers. In this
chapter, the questions and answers from MS MARCO v2.1, an
extensive dataset constructed from questions submitted to a
general-purpose search engine, are studied.

Using distribution analysis and rule mining techniques, recurrent
patterns in the questions and their answers are identified. With
sequence prediction methods, the generic forms for answers are
successfully predicted using the generic forms of the corresponding
questions. Moreover, how such generic forms may help with the
generation of the appropriate answers are demonstrated with
examples, based on the information available in the knowledge
bases.

The results show that the prediction of answer structures based on
scale is more precise, compared to predictions relying on type and
prominence. The rules extracted based on scale have higher support
and confidence than the rules extracted from type or prominence.
Moreover, the results show how the type of questions (i.e., SWQs vs.
DWQs) influence the strength of the extracted rules and lead to
noticeable differences in prediction performances. Finally, different
sequence prediction methods are assessed and CPT method
(Gueniche, Fournier-Viger, and Tseng, 2013) is found as the best
performing approach in all scenarios. However, the results of this
study are limited to human interaction with a general purpose
search engine. Consequently, an important future direction of this
research is to investigate other corpora of QA related to different
scenarios – e.g., human-human dialogue.



7
D I S C U S S I O N A N D C O N C L U S I O N S

Asking for information about places has been frequently observed
and reported in studies of Web search query logs and question
answering datasets (e.g., Alonso et al., 2020; Aloteibi and Sanderson,
2014; Sanderson and Kohler, 2004). These studies show that
resolving place-related information needs is vital to IR and QA

systems. Yet place-related information needs are not separately
investigated, but mostly studied only as a part of GIR and GeoQA. GIR

and GeoQA also focus on other geographic concepts, such as events
and spatial processes. The wider scope of GIR and GeoQA limits the
depth of analysis.

The indeterminacy of boundaries (Montello et al., 2003) is not the
only challenge in answering place-related questions. Strong context
dependency, metaphorical uses, and complex and vernacular
references are also major challenges for resolving place-related
information needs (e.g., Agnew, 2011; Ballatore, 2016; Hollenstein
and Purves, 2010; Winter and Freksa, 2012). In short, the notion of
place as experienced or learned by humans is complex to be
modelled in IR and QA systems.

Geographic places and their meanings are of the interest of several
disciplines including Human Geography, GIScience, Social Sciences,
Environmental Psychology, and Architecture (Turner and Turner,
2006). This thesis asserts that the numerous theoretical studies on
the notion of place in the aforementioned disciplines provide a rich
domain knowledge that can be used to resolve challenges in
modelling places and resolving place-related information needs.

The major contributions of this thesis are twofold: First, this thesis
contributes theoretically to place-related research by (1) extracting
place facets using a systematic and interdisciplinary literature
review, and (2) proposing a multi-faceted model of place by
synthesising the extracted facets into a unified model (see
Chapter 3). The extracted facets and their definitions provide a
lexicon for building place-related models for diverse applications,
including place-related QA. The multi-faceted model of place also
provides a grounding for future studies in place-related research,
whenever the properties of places are under investigation.

The second major contribution includes a set of methods and
models in place-related QA that utilise domain knowledge (i.e.,
extracted place facets). In summary, the contribution includes (1)
developing a novel encoding approach to study large corpora of
place-related questions (Chapter 4), (2) proposing top-down and
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bottom-up classifications of place-related questions (Chapter 4), (3)
developing a novel method to translate place-related questions to
formal queries (Chapter 5), and (4) generic templates to discover
patterns of human-generate answers and imitate human answering
behaviours to where-questions (Chapter 6). The ultimate goal of
these contributions is to show how domain knowledge can be used
in several stages of place-related QA including question
classifications and analysis, query generation for NL questions, and
answer formulations.

In this chapter, I first summarise the results, major findings and
limitations of this PhD study, according to the content of Chapters 3,
4, 5 and 6, respectively (Section 7.1). Next, the core contributions of
this thesis are summarised and evaluated against the hypotheses in
Section 7.2. Finally, I discuss the future directions of place-related
research with a focus on QA are discussed in Section 7.3.

7.1 discussions on major findings and limitations

In this section, first the summary, major findings and limitations of
place-facets and multi-faceted model of place are discussed. Next,
the results of analysing place-related questions from MS MARCO

dataset is presented, and the major outcomes and limitations of the
question classifications are discussed. Then the findings of
translating questions to GeoSPARQL queries and their limitations
are provided. Finally, the patterns from human-generated answers
and the results of templates to study human answering behaviour
are discussed.

7.1.1 Place Facets

Place is a central concept in geography and a topic of interest in the
social sciences, urban planning, architecture, and most recently in
information science. The notion of place has therefore been studied
with different foci of interest. Consequently, heterogeneous
terminologies, conceptualizations, models, and ontologies have been
proposed to capture this elusive concept. Yet these studies
complement each other.

In Chapter 3, the notion of place in Geography, Social Science,
Architecture and GIScience has been reviewed. Utilizing the concept
of place facet as a particular type of information about places, the
terminologies, conceptualizations and models of place have been
extracted from the literature. Moreover, a unified multi-faceted place
model is derived using open card sorting and hierarchical clustering
of the extracted facets. The multi-faceted model of place, first
distinguishes three classes of facet – i.e., primitive, derived and
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linguistic facets. Later the primitive facets are divided into spatial,
physical, functional and emotive categories.

The analysis of the categories of primitive facets reveals a diversity
related to conceptualizations and subsequent formalizations. While
in the list of spatial facets a balance between conceptualizations and
formalizations can be noted, in the emotive facets, the dominant
theme is conceptualization with no formalism. In other words, the
current inadequacy of state-of-the-art computational models of place
to handle emotive facets is evident. Consequently, there is currently
no noticeable difference in how geospatial databases handle places
such as the Sistine Chapel, as an example of a sacred and iconic place
for a large number of people, with the representation of a small
shopping mall, which has at most a local influence to a limited
number of individuals. While for different groups of individuals
these places have different meanings in terms of the emotive,
functional, and physical facets, in geospatial databases these places
are modelled as geometries with crisp boundaries and a set of
attributes.

Based on the systematically selected publications, patterns of
research can be observed in place-related research. The patterns
show that publications contributing to the anthropocentric facets
mostly belong to Human Geography, Social Sciences and
Environmental Psychology, while the facets in geographic facets are
mostly extracted from publications belonging to GIScience and
Architecture.

The multi-faceted model of place has potential limitations. First,
the meaning of place as an interdisciplinary concept is reduced into
geographic places and consequently non-geographic places (e.g.,
virtual places) and their facets are not included. Secondly, the review
is biased to the literature in Geography, GIScience, Social Sciences and
Environmental Psychology. Consequently, place as studied in
Anthropology (e.g., Coleman and Collins, 2006), Digital Humanities
(e.g., Dunn, 2017), Public Health (e.g., Cummins et al., 2007) or
Philosophy (e.g., Casey, 1997) is not covered.

7.1.2 Question Analysis

Chapter 4 investigates place questions submitted to search systems
and their human-generated answers. Place-based search is
motivated by the need to identify places matching some criteria,
identify them in space or relative to other places, or to characterize
the qualities of such places. The diversity of place questions
challenges today’s search engines that provide only rudimentary
geographic information retrieval support. In Chapter 4, an analysis
of the patterns in place-based queries is undertaken using the largest
dataset of English language questions/answers currently available,
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MS MARCO V2.1. Further, Chapter 4 studies the patterns in the
questions, corresponding answers, and their combinations.
Clustering approaches and interpretation of the frequent patterns in
each cluster are used to categorize the place questions and answers
and investigate the relations between these categories. Finally, a
theory-driven classification of place-related questions is presented
using object-based conceptualization place and the multi-faceted
model of place, and it is compared to the data-driven question
classification. The theory-driven classification covers the categories
of place facets in the multi-faceted model of place, including spatial,
physical, functional, emotive and linguistic facets. The result is a
detailed classification of place-related question which includes 14

classes.
The encoding approach is designed to be performed as an

unsupervised technique to characterise large datasets. The
unsupervised design enhances the usability and applicability of the
method without any time consuming data annotation. Yet, the
results are human interpretable and the encoding results can be
used to characterise large corpora of place-related questions with
minimal supervisions to interpret the results.

The encoding results reveal a high potential of the machine
comprehension datasets such as MS MARCO for future place-related
studies. It is, however, highly recommended to consider appropriate
sampling strategies in order to deal with the geographical and
semantic biases observed and discussed throughout Chapter 4.
Using the proposed encoding and georeferencing technique, the
geographic bias of the MS MARCO dataset has been identified. Most
of the questions in this dataset are about places in the North
America, Western Europe and Australia, and only a small portion of
data are the questions of places in Africa, Asia, South America and
Eastern Europe. Moreover, the bias to specific place types such as
countries, states and counties is evident based on the encoding
results.

The encoding method has two major limitations: First, when the
questions are complex and contain multiple criteria, the encodings
become less expressive and hard to be interpreted. Second, some
specific question types such as comparison questions are out of the
scope of the encoding method (this limitation later resolved in the
extended encoding in Chapter 5). Semantically richer encoding
representations that can differentiate more complex types of
questions and answers may lead to a more nuanced characterization
of the QA dataset.

In Chapter 4, the data-driven and theory-driven classifications are
compared. The data-driven classification is highly sensitive to biases
in the data collection and thus only reflect question types
represented in, or supported by the MS MARCO dataset. As a result,
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questions about spatial facets are overrepresented in the data-driven
classification, while emotive, functional and physical facets are
marginalized. In contrast, the theory-driven classification is a
generic, cross-disciplinary approach based on the spatial core
concepts (Kuhn, 2012), and with less expert bias using the
multi-faceted model of place.

7.1.3 From Question to Queries

Translating NL questions to formal queries (e.g., SQL) is an essential
task of database-oriented QA. To use structured data in databases or
knowledge bases in QA systems, formal queries must be generated
automatically from NL questions. Using structured data in
place-related QA is especially useful whenever spatial analysis is
needed to answer the questions. Hence, such translation is a vital
step toward answering place-related questions in practice.

In Chapter 5, a novel approach using domain knowledge and
object-based conceptualization of place is designed to translate NL

questions to GeoSPARQL queries. This approach includes five major
steps, (1) information extraction and encoding, (2) parsing and
relation identification, (3) concept identification, (4) generating FOL

statements and (5) translating FOL statements to GeoSPARQL
queries. The novelty of the approach is mainly to (1) use domain
knowledge and avoid reinventing new terms, and (2) utilise FOL

statements as an intermediate representation which can be later
translated not only to GeoSPARQL, but any other formal query
language with minimal effort. The method is tested using the
Geospatial Gold Standard dataset (Punjani et al., 2018).

The method utilizes state-of-the-art NLP models for part-of-speech
tagging, named entity recognition, constituency parsing and
dependency parsing. Hence, the method is able to translate NL

questions to GeoSPARQL queries without time-consuming data
annotation. The detailed evaluation of the method shows that it can
overcome existing state-of-the-art approaches in the translation task.
Moreover, the results shows that integrating phrase-level
information (from constituency parsing) and the extracted
dependencies (using dependency parsing) improves the information
extraction and relation identification significantly.

Using the object-based conceptualisation of place as the
grounding theory, the method is less sensitive to a biased dataset.
Hence, the method is able to translate diverse types of place-related
questions. The results also show that the dataset does not contain
enough diversity to test the performance of the whole capability of
the proposed method. The results of this study shows that the
Geospatial Gold Standard dataset is biased to specific question types
and does not cover important types of place-related questions such
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as activity-based or event-based questions. Hence, the need for a
larger dataset that is less biased to spatial relationships and cover
sophisticated place-related questions is evident based on the results
of Chapter 5.

The limitations of the proposed translation can be summarised as
follows: First, the dataset is small and more reliable testing is needed
to evaluate the performance of the unsupervised method. Next,
some steps are not considered in the translation task including
ontology mapping and fetching the results from knowledge bases.
While the queries are syntactically and semantically evaluated, the
ontology mapping may introduce new errors in the process. In
ontology mapping, the identified concepts should match to actual
design of the knowledge bases and the information stored in it.
Fetching the results is also an error prone task due to
incompleteness of data in current knowledge bases that is not
evaluated in Chapter 5. Yet these two challenges should be resolved
before applying the method to practical usage.

7.1.4 Answering Questions

Where-questions are answered by place descriptions in everyday
communication. To answer where-questions automatically,
computers should be able to generate relevant place descriptions
that satisfy inquirers’ information needs. Human-generated answers
to where-questions are constructed based on a few anchor places
that characterize the location of inquired places. The challenge for
automatically generating such relevant responses stems from
selecting relevant anchor places. In Chapter 6, templates are introduced
that allow to characterize the human-generated answers and to
imitate their structure.

The templates are patterns of generic geographic information
derived and encoded from MS MARCO dataset. First, the toponyms
are identified and encoded into sequences of generic information.
Next, sequence prediction methods are used to model the relation
between the generic information in the questions and their answers.
The results show strong patterns in the questions and answers, and
associations among generic information that describe the relevance
of answers to the corresponding questions.

To study human-generated answers to where-questions, three
generic classes are selected – i.e., scale, type and prominence. The
results of analysing templates show that scale is most effective
generic class to study and imitate human answering behaviour due
to stronger associations and more accurate results. Moreover, the
patterns show that human-generated answers to different type of
where-questions (i.e., simple where-questions vs. detailed
where-questions) are semantically different. For example, in simple
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where-questions the scale level of places in answers are often coarser
in comparison to the scale level of the place in question. However, in
detailed where-questions, the scale level of places in answers are
often in between the scale levels of of places in the questions. Finally,
patterns of templates using place types show that meaningful
insights can be extracted from the dataset to describe why the
anchor places are relevant to localise the place in question – e.g.,
bridges are often localised by referring to rivers, and cities are often
localised by states.

The limitations of templates and the approach to imitate the
structure of human-generated answers in machine responses are
twofold:

Theoretical limitations:

1. The generic-to-specific translation approach is only focused on
where-questions, and other types of geographic questions are
neglected;

2. The proposed approach is focused only on the questions and
their relationship with the answers, when no other contextual
information about inquirers is available;

3. The approach is designed with an exclusive focus on toponyms
while qualitative spatial relationships have an important role in
answering where questions;

4. The additional impacts of qualitative spatial relationships (e.g.,
in southern part of ) as modifiers of scale are neglected in the TSP
encoding.

Results limitations:

1. The biases of the English language MS MARCO dataset directly
influence the results. The data are extracted from the Microsoft
Bing search engine, and hence the results are necessarily
biased to the questions asked by users of this search engine. In
addition, the sampling approach used when extracting
MS MARCO questions from the Microsoft Bing query logs may
have a direct and unquantifiable impact on the generality of
the results;

2. The results are influenced by the geographic biases and
incompleteness of data in Geonames and OSM Nominatim.
The bias and incompleteness of gazetteers are
well-documented by Acheson, Sabbata, and Purves (2017);

3. The biases in the proxies that have been used to capture the TSP
encoding also have an impact on the results.

Despite these limitations, the identified patterns of Chapter 6 align
well with everyday experience and provide a grounding for
answering where-questions.
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7.2 contributions of this thesis

This PhD thesis has addressed the identified major challenges of
place modelling, question analysis, translation of questions to
queries, and answer generation in the scope of place-related QA. The
major contributions of this PhD study are summarized and listed
below:

1. Designing a systematic approach to extract place facets from
interdisciplinary review of the literature.

2. Proposing a multi-faceted model of place that provides a
unified view to the notion of place based on the
interdisciplinary literature review.

3. Developing an encoding approach to study large corpora of
place-related questions and their answers.

4. Proposing data-driven and theory-driven classifications of
place-related questions using the largest available data
(MS MARCO) and object-based conceptualization of place,
respectively.

5. Proposing a novel method to translate NL questions to formal
queries based on object-based conceptualization of place that
improves the existing state-of-the-art approaches.

6. Developing a generalized approach to investigate human
answering behavior to where-questions using generic
geographic information;

7. Analysing the human-generated answers to where-questions
asked in Web search, using patterns of type, scale and
prominence of places.

The contributions are evaluated against the four hypotheses of this
study (Chapter 1). In the following, first the hypotheses are reviewed
and then further discussions are provided.

• Hypothesis 1: A multi-faceted model of place can be derived by
categorisation of extracted place properties from a systematic
literature review.

• Hypothesis 2: Place-related questions can be classified using
structural patterns derived through NLP and information
extraction in a bottom-up approach, or can be derived from a
theoretical conceptualisation of place in information system in
a top-down approach.
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• Hypothesis 3: Formal query representations of place-related
questions can be derived from a pipeline process of
information extraction, textual parsing and template-based
query generation.

• Hypothesis 4: Generic information can be used to characterize
human answering behavior and ultimately to generate
templates for answering where-questions.

The first hypothesis is addressed in Chapter 3. The unified
multi-faceted model of place is derived using open card sorting and
hierarchical clustering. The open card sorting experiment allows
participants to propose different categorizations based on their
opinions. Yet the results of individual categorizations show a high
agreement between the expert opinions. The applicability of the model
and the extracted facets are demonstrated in Chapters 4, 5 and 6 to
classify place-related questions, extract useful information from
large QA corpora, find patterns that describe human answering
behaviour, and also to study the structure and relevance of answers
to where-questions. Therefore, the results show the multifaceted
model of place can be derived from individual categorisation with
high agreement among the experts, and the model is supported to
be useful as a grounding to involve domain knowledge in
place-related question answering.

For the second hypothesis, the largest available QA data (Nguyen
et al., 2016) and state-of-the-art conceptualisation of place (Purves,
Winter, and Kuhn, 2019) are used to derive data-driven and
theory-driven classifications of place-related questions. To classify
the questions of MS MARCO dataset, a novel encoding approach is
introduced in Chapter 4. The results show that even using the largest
QA dataset, data-driven classifications are biased to specific question
types such as spatial questions. Yet, the theory-driven approach is
more detailed and covers the identified categories of facets including
spatial, physical, functional and emotive facets. The theory-driven
classification also compared with current classifications. The results
show that the previous classifications are a subset of the
theory-driven classification, and also the proposed classification
includes more diverse types of questions. Consequently, the second
hypothesis is supported, and the results show the superiority of
theory-driven classification over the data-driven classification.

The third hypothesis is investigated and addressed in Chapter 5

by introducing a novel approach to translate NL questions to
GeoSPARQL queries. The results show that using both dependency
and constituency parsing improve the relation identification in
comparison to the state-of-the-art method (Punjani et al., 2018).
Using FOL statements, several parts of the method can be used for
translating questions to other formal query languages such as
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SPATIAL SQL. Due to theoretical grounding in the object-based
conceptualization of place, the method also can translate the missing
question types in the Geospatial Gold Standard dataset. Therefore,
the third hypothesis is supported, and the results show the impact
of domain knowledge to improve the existing translation methods.

For the fourth hypothesis, a new method using templates of
generic information is designed to study the association between
where-questions and their human-generated answers. Next, the
method utilizes sequence prediction approaches to imitate human
answering behaviour automatically. The method is proven to be
useful in extracting patterns from questions and answers, and
finding insightful associations between places mentioned in the
questions and answers. Moreover, the properties of relevant anchor
places to answer where-questions are captured in a predictive model.
This predictive model can be used in answering where-questions or
testing the relevance and quality of the responses generated by other
approaches. The results show that generic information can describe
the relevance of anchor places to the place in question, and
predictive models can be constructed to capture this knowledge in a
machine digestible manner. Therefore, the applicability and usability
of domain knowledge in analysing and answering where-question is
supported.

7.3 future directions

In this section, I conclude the thesis by listing suggestions for future
works, identified during my study. The five future directions
presented below can be used in QA systems to resolve place-related
information needs.

7.3.1 A Computational Model of Place

The current focus of place formalisms on pragmatic applications,
such as finding similar places and differentiating contrasting places
(from a small set of well defined, utilitarian types of places) is
evident based on the results of Chapter 3. The spatial facets of place
are dominant. Consequently, further research is required to
investigate place similarity measures which take the emotive,
functional and physical facets of place into account. This direction is
of increasing importance as people’s interaction with each other is
increasingly mediated by computers – and often the natural
language interaction with intelligent spatial assistant systems may
be the only interaction desired. In short, the emotive facets are much
under-investigated in terms of formal models compared to the facets
in the functional group of anthropocentric facets. Moreover, the
facets in the spatial group are mostly formalized into computational



7.3 future directions 147

models while the facets in the physical group are less developed in
terms of formalization.

A computational model of place that includes the four categories
of primitive facets and utilise them in finding the similarity and
differences of geographic places can be used in diverse applications
including place-related QA, GIR and place recommendation systems.
Yet to develop such computational models, first the emotive and
physical facets should be formalised. In addition, further research is
needed to derive useful similarity measures that can combine
different facets into consideration.

7.3.2 Questions to SPATIAL SQL: A Step Towards Natural Language
Interfaces to GIS

Spatial databases can perform a wide range of spatial analysis on
structured data. Especially, the relational databases support most of
the GIS functionalities and analysis toolboxes. Moreover, the best
practice of storing GIS data in databases for better data management,
increases the importance of relational databases in both research and
practice. Yet to enable the user-centered design and reduce technical
barriers between users and GIS, a natural language interface is
required.

The major challenges in translating NL questions to SPATIAL SQL
compared to the translation achieved in Chapter 5 stem from the
difference between SPATIAL SQL and GeoSPARQL capabilities.
While GeoSPARQL only provides basic functionalities such as metric
and topological relationships, SPATIAL SQL has been developed
into a full-fledged query language that supports most of the
functionalities afforded by current GIS systems. Hence, the
questions to be answered by databases may include more diverse
types of spatial analysis and such difference needs further research
to be addressed. Similar to challenges in translating questions to
GeoSPARQL queries, ontology mapping is vital to translate
questions to SPATIAL SQL. Especially, ontology mapping is needed
to semantically match extracted information from questions to find
tables and columns relevant for answering the questions. The results
of enabling natural language interface to spatial databases not only
improve the user experience of current GIS systems but also has an
impact on future developments of geoportals, and IR and QA

systems.

7.3.3 Generic Geographic Information to Specific References

In a geographic document with a relatively coherent context (e.g., a
question-answer pair about place, a paragraph describing a place in
a Web document), several references to geographic places can be
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found. These references can be presented in specific form (e.g.,
Melbourne) or generic form (e.g., the beautiful city). While
extracting specific references, toponyms, have been studied with a
focus on identifying and resolving their ambiguity (e.g., Leidner,
2007; Santos et al., 2018); a solution to extract the generic
information and to resolve their ambiguity is still missing.

Developing an automatic approach to decode generic references to
specific representations (i.e., toponyms) is a necessary step to
complete the process of the specific-generic translation approach
(see Chapter 6). Available information in documents or knowledge
bases can be used to derive the specific representations from the
identified generic references. The results of generic-to-specific study
can be used in rewriting generic references inside the documents
and place-related questions to their specific representations. After
rewriting generic references, the text will be ready for geoparsing,
and more information can be extracted using the existing geoparsing
techniques. Consequently, the results will influence a wide range of
applications from GIR to place-related QA.

7.3.4 Benchmark Dataset for Place-Related Question Answering

While several machine comprehension datasets are available now, a
dataset that fits for the community of geographic information
science is still missing. First, the existing datasets – at best – provide
a ‘location’ label which is not specifically defined for the purpose of
our community. Second, the essential information which is needed
for future research in the geographic information community is not
provided – e.g, georeferenced information. Consequently, every
research goes through reinventing an approach for these tasks or at
least putting time and efforts to extract this information which may
not directly relate to their contributions. Finally, the quality of these
extractions differs in different studies and as a result, methods
cannot be compared reasonably. An enriched and integrated dataset
of geographic question can be used for future geographic and
place-related QA research and enable the further developments of
geographic and place-related QA systems.

7.3.5 Place Recommendation: Moving from Content to Context

This PhD study is mainly focused on the content of place-related
questions and their answers. The role of context in place-related QA

is also important in place-related QA and the lack of support for
contextual information is a major limitation of this thesis. The study
of inquirer’s information and preferences is necessary for answering
questions in practice. A model to capture user preferences is vital for
resolving several place-related information needs, specifically in
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place recommendation systems. Such systems recommend places to
visit or places that afford specific activities to tourists or local people.

To present useful recommendations, contextual information
should be captured alongside with information about places and
their properties. The multi-faceted model of place (Chapter 3) can be
used to define a model for the latter, yet a model that goes beyond
location information of inquirers is still missing. Consequently,
defining such a model for user preferences in place recommendation
systems, and integrating contextual information with the place
model are suggested as a promising research direction to resolve
place-related information needs.
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a.1 extracted facets

The extracted facets from the literature are presented in Table 41.

Table 41: Extracted facets from the literature

Facet name References

Accessibility (Winter and Freksa, 2012; Ingram, 1971)

Action (Das and Winter, 2016; Entrikin, 1997;
Hockenberry, 2006; Jonietz, 2016; Jordan et
al., 1998; Kuhn, 2001)

Activity (Almuzaini, 2017; Calafiore, 2016; Couclelis,
1992; Das and Winter, 2016; Edwardes, 2007;
Edwardes and Purves, 2007b; ElGindy and
Abdelmoty, 2014b; ElGindy and Abdelmoty,
2014a; Jonietz, 2016; Kuhn, 2001; Relph, 1976;
Tuan, 1977; Tversky and Hemenway, 1983)

Address (Almuzaini, 2017)

Affordance (Alazzawi et al., 2012; Almuzaini, 2017; Ballatore,
2016; Das and Winter, 2016; Edwardes, 2007;
ElGindy and Abdelmoty, 2014b; ElGindy and
Abdelmoty, 2014a; Galton, 2010; Gibson, 1979;
Harrison and Dourish, 1996; Hockenberry, 2006;
Jonietz and Timpf, 2015; Jordan et al., 1998;
Kuhn, 2001; Ortmann and Kuhn, 2010; Sabbata
et al., 2015; Scheider and Janowicz, 2014;
Scheider and Krzysztof, 2010; Scheider and
Purves, 2013; Winter and Freksa, 2012)

Agentive Dimension (Couclelis, 2010)

Alternating
Repetition

(Vasardani et al., 2016; Vasardani and Winter,
2016)

Aspect of Design (Canter, 1997)

Attributes (Features) (Tversky and Hemenway, 1983)

Behaviour (Buttimer, 1976; Edwardes, 2007; Jonietz, 2016)

Boundaries (Couclelis, 1992; Montello et al., 2003; Vasardani
et al., 2016; Vasardani and Winter, 2016; Winter
and Freksa, 2012)
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Classification (Scheider and Janowicz, 2014; Scheider and
Purves, 2013; Tversky and Hemenway, 1983)

Composition (Papadakis et al., 2016)

Constitutive
Dimension

(Couclelis, 2010)

Containment (Scheider and Janowicz, 2014; Scheider and
Krzysztof, 2010; Scheider and Purves, 2013;
Winter and Freksa, 2012)

Contrast (Vasardani et al., 2016; Vasardani and Winter,
2016)

Deep Interlock and
Ambiguity

(Vasardani et al., 2016; Vasardani and Winter,
2016)

Echoes (Vasardani et al., 2016; Vasardani and Winter,
2016)

Elements (Edwardes and Purves, 2007a; Edwardes and
Purves, 2007b)

Emotional
Attachments

(Mennis and Mason, 2016)

Environment (Gustafson, 2001)

Environment-Self (Gustafson, 2001)

Equipment (Scheider and Janowicz, 2014; Scheider and
Purves, 2013)

Event (Roche, 2015)

Feasibility (of an
activity)

(Jonietz, 2016)

Footprint (Derungs and Purves, 2014; Goodchild, 2011)

Form (Canter, 1997)

Formal Dimension (Couclelis, 2010)

Function (Canter, 1977; Papadakis et al., 2016)

Functional
Differentiation

(Canter, 1997)

Functional
Properties

(Vasardani et al., 2016)

Generalized
Properties (Place
Properties)

(Adams, 2015)

Geographic
Location

(Adams, 2015)

Good shape (Vasardani et al., 2016; Vasardani and Winter,
2016)
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Gradients (Vasardani et al., 2016; Vasardani and Winter,
2016)

Identification (Scheider and Janowicz, 2014; Scheider and
Purves, 2013)

Investment with
Meaning and Value

(Gieryn, 2000)

Level of Scale (Richter et al., 2013a; Richter et al., 2013b;
Vasardani et al., 2013; Vasardani et al., 2016)

Local Symmetries (Vasardani et al., 2016; Vasardani and Winter,
2016)

Locale (Agnew, 2011; Capineri, 2016; Cresswell, 2004;
Hollenstein and Purves, 2010; Jonietz, 2016;
Massey, 1994; Purves and Derungs, 2015)

Localization (Scheider and Janowicz, 2014; Scheider and
Purves, 2013)

Location All

Material Form
(Physicality)

(Gieryn, 2000)

Meaning (Buttimer, 1976; Canter, 1977; Canter, 1997;
Couclelis, 1992; Edwardes, 2007; Entrikin, 1991;
Entrikin, 1994; Entrikin, 1996; Harrison and
Dourish, 1996; Jonietz, 2016; Massey, 1994; Relph,
1976; Tuan, 1977; Turner and Turner, 2006;
Vanclay, 2008; Capineri, 2016)

Narrative
Descriptions

(Jordan et al., 1998)

Not Separateness (Vasardani et al., 2016; Vasardani and Winter,
2016)

Object of Action (Hockenberry, 2006)

Observed Properties
(Environment
Properties)

(Adams, 2015)

Others (Gustafson, 2001)

Others-Environment (Gustafson, 2001)

Parts (Tversky and Hemenway, 1983)

Physical Dimension (Ballatore, 2016)

Physical Elements (Scannell and Gifford, 2010)

Physical Features (Jordan et al., 1998; Turner and Turner, 2006)

Physical Landscape (Cresswell, 2004)

Physical Setting (Relph, 1976)

Place Affect (Almuzaini, 2017; Cresswell, 2004)
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Place Attachment (1) (Scannell and Gifford, 2010; Tuan, 1977)

Place Attachment (2) (Vanclay, 2008)

Place Commitment (Vanclay, 2008)

Place Dependence
(1)

(Almuzaini, 2017)

Place Dependence
(2)

(Vanclay, 2008)

Place Familiarity (Vanclay, 2008)

Place Identity (1) (Canter, 1977; Cresswell, 2004; Entrikin, 1991;
Entrikin, 1996; Entrikin, 1997; Gustafson, 2001;
Jonietz, 2016; Massey, 1994; Relph, 1976; Scannell
and Gifford, 2010; Tuan, 1977; Turner and Turner,
2006)

Place Identity (2) (Vanclay, 2008)

Place Name
(Toponym)

All

Place Objectives (Canter, 1997)

Place Reference
(Verbal Reference)

(Alazzawi et al., 2012; Almuzaini, 2017; Bennett
and Agarwal, 2007; Montello et al., 2003; Purves
and Derungs, 2015; Winter and Freksa, 2012)

Place Social Bonding (Almuzaini, 2017)

Positive Space (Vasardani et al., 2016; Vasardani and Winter,
2016)

Purpose (Papadakis et al., 2016)

Qualities (1) (Edwardes and Purves, 2007a; Edwardes and
Purves, 2007b; Purves et al., 2011)

Qualities (2) (Ortmann and Kuhn, 2010)

Quality of Place (Jonietz, 2016)

Roughness (Vasardani et al., 2016; Vasardani and Winter,
2016)

Salience of Place
(Absolute view)

(Almuzaini, 2017)

Salience of Place
(Personal view)

(Almuzaini, 2017)

Saliency (Almuzaini, 2017; Richter et al., 2013a; Richter et
al., 2013b; Winter and Truelove, 2013; Winter and
Freksa, 2012)

Scale of Interaction (Canter, 1997; Goldberg et al., 2009; Purves and
Derungs, 2015; Richter et al., 2013a; Richter et al.,
2013b)

Self (Gustafson, 2001)
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Self-Others (Gustafson, 2001)

Self-Others-
Environment

(Gustafson, 2001)

Semantic Relation to
Activities

(Scheider and Purves, 2013)

Semantic Relation to
Objects

(Scheider and Purves, 2013)

Semantic Relation to
Qualities

(Scheider and Purves, 2013)

Sense of Place (1) (Buttimer, 1976; Canter, 1977; Capineri, 2016;
Cresswell, 2004; Edwardes, 2007; Entrikin, 1991;
Harrison and Dourish, 1996; Massey, 1994;
Purves and Derungs, 2015; Purves et al., 2008;
Tuan, 1977)

Sense of Place (2) (Vanclay, 2008)

Sentiment
(Individual
Reflection)

(ElGindy and Abdelmoty, 2014b; ElGindy and
Abdelmoty, 2014a)

Service (Alazzawi et al., 2012; Winter and Truelove,
2013)

Simplicity and Inner
Calm

(Vasardani et al., 2016; Vasardani and Winter,
2016)

Social Elements (Scannell and Gifford, 2010)

Social Role (Social
Dimension)

(Ballatore, 2016)

Social Role
Characteristics

(Calafiore, 2016)

Socioeconomic and
Cultural Factors

(Jordan et al., 1998)

Space (Canter, 1997)

Spatial Accessibility (Jonietz, 2016; Winter and Freksa, 2012)

Spatial Band (Adams, 2015; Janowicz, 2012; Janowicz et al.,
2013; McKenzie and Adams, 2017)

Spatial Identity (Quesnot and Roche, 2015; Roche, 2015)

Spatial Level (Scannell and Gifford, 2010)

Spatial Properties (Papadakis et al., 2016)

Spatial Reference (Adams, 2015; Alazzawi et al., 2012; Almuzaini,
2017; Bennett and Agarwal, 2007; Jones et al.,
2001; Kim et al., 2016; Montello et al., 2003;
Richter et al., 2013b; Vasardani et al., 2013;
Winter, 2009; Winter and Freksa, 2012)
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Spatial Relation to
Other Places

(Scheider and Purves, 2013)

Spatial Value (Quesnot and Roche, 2015)

Specificity (Scannell and Gifford, 2010)

Spirit of Place (Vanclay, 2008)

Strong Centres (Vasardani et al., 2016; Vasardani and Winter,
2016)

Structural Properties (Vasardani et al., 2016; Vasardani and Winter,
2016)

Suitability (of an
activity)

(Jonietz, 2016; Jonietz and Timpf, 2015)

Symbolic
Representation

(Jordan et al., 1998)

Telic Dimension (Couclelis, 2010)

Temporal Band (Adams and Janowicz, 2015; Janowicz, 2012;
Janowicz et al., 2013)

The Void (Vasardani et al., 2016; Vasardani and Winter,
2016)

Thematic Band (Janowicz, 2012; Janowicz et al., 2013; McKenzie
and Adams, 2017)

Type All

Typologies (Jordan et al., 1998; Tversky and Hemenway,
1983)

Valuation (of an
action)

(Hockenberry, 2006)

a.2 facet definitions

Table 42 shows the definitions of the facets which are extracted from
the literature.

Table 42: Extracted facets from the literature with their definitions

Facet name Definition
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Accessibility “In one sense the word ‘accessibility’ means
capable of being reached, thus, implying
a measure of the proximity between two
points. Alternatively, ‘accessibility’ is related
to the ability of a transportation system to
provide a low cost and/or quick method
of overcoming the distance between different
locations" (Ingram, 1971). Accessibility is a term
related to the spatial configuration of places
with a focus on connectivity of places, whether
places are connected or disconnected and an
agent can move from one place to another.
Accessibility is a contextual property of places
– i.e., in some context, a place can be accessible
from another place, while in other contexts it
may not be accessible (Winter and Freksa, 2012).
Accessibility is highly related to the mode of
transportation, and the contextual information
about the agents.

Action Action is defined as a type of activity that is
intentional and conscious and oriented towards
the fulfillment of a particular goal. In Jordan’s
place model, it is defined as: “People perform
actions in places. As we have seen, actions are
one of the most important aspects that give
meaning to a place. Personal actions can create
personal histories. Personal actions allow users
to participate in accepted patterns of behavior,
as well as to personalize the place by performing
individualizing actions. For example: Whenever
I’m at this mall, I go to store X because I always
found nice and cheap clothes there" (Jordan et
al., 1998).

Activity Activity is defined as a behavior or action from
an agent in a specific place. As a part of a model
(attributes, activities, and parts) for describing
environmental scenes (Tversky and Hemenway,
1983), activities are defined as what people can
do in the scenes such as ‘shopping’ for stores.

Address Address is a reference to a place which describes
where the place is in (usually hierarchically
organized based on the part-of relationship).
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Affordance Affordance is described as what an environment
(e.g., a place) can afford to an agent (e.g, human,
animal). By capturing affordance in a place,
one can consider the following questions to be
answered: What can be done (even potentially)
in the place? What can a place afford to a
human?

Agentive Dimension Agentive dimension is one of the four
dimensions of objects of discourse (Couclelis,
2010). The four dimensions can be considered
as dimensions of place as an object of discourse.
It is defined as: “The processes by which things
come to be or their roles as agents in other
processes or their function relative to some
end" (Couclelis, 2010). For example, stopping
illegal immigration is the agentive dimension of
Gibraltar (Couclelis, 2010).

Alternating
Repetition

“Alternating repetitions are common in places
with self-similarity patterns such as coastal
places or forests." This property is one of the
six properties (good shape, local symmetries,
echoes, roughness, alternating repetitions, and
positive space) about the internal structural
organization of places which makes places
distinctive. (Vasardani and Winter, 2016)

Aspect of Design Aspect of design is a facet of place about
physical characteristics of a place. It is defined
as a fact that “gives rise to a whole basket of
hypotheses about how the structure of place
experience may take on different forms in
relation to the aspects of design that are being
considered. For example personal comfort at the
immediate scale, say in a room, may be most
clearly revealed by examining the functions of
a particular space and how readily these are
achieved. This is probably what most building
evaluations seek to do. To take another example,
the form (or style) of a place may be examined to
see whether it reveals emphases at the personal,
social or cultural level of differentiation" (Canter,
1997).
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Attributes (Features) It is a part of a place model (attributes, activities,
and parts) for describing environmental scenes
(Tversky and Hemenway, 1983). Attributes are
described as features of the scenes. For example,
‘high’ can be considered as one of the attributes
describing mountains.

Boundaries Boundary defines which part of space belong
a place. Places have boundaries, either crisp or
fuzzy.

Classification In place reference system (Scheider and
Janowicz, 2014), classification is described as
kind of places and wants to answer: “what kind
of place it is".

Composition “The dimension of composition illustrates
the constitution level, representing the spatial
organization of a place as a composite object
formed by simple interrelated components"
(Papadakis et al., 2016). Composition is
related to spatial objects with specific spatial
associations which enables some functions for
that place and build specific spatial properties
to the place.

Constitutive
Dimension

Constitutive dimension is one of the four
dimensions of objects of discourse. The four
dimensions can be considered as dimensions of
place as an object of discourse. It is defined
as: “The constitutive dimension has to do with
what the object is made of and in particular,
its parts (material or abstract), and how these
are connected" (Couclelis, 2010). For example,
rock is related to the constitutive dimension of
mountains.

Containment In place reference system, things (places and
other objects) that exist in a place are described
as place containment. They defined this element
as “An essential function of places is that they
serve to localize other things" (Scheider and
Janowicz, 2014).
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Contrast Contrast is a way that people differentiate places
from each other and at the same time is a
way to capture the notion of place (Winter and
Freksa,2012). Contrast is one of the properties
mentioned and defined by Vasardani and Winter
(2016): “as a whole then, the entities that
form a place and places themselves, exhibit
centres, that can be contrasted to each other,
may have distinct boundaries or gradients
that create harmonious transitions between
contrasting centres and they all belong to the
same whole structure..."

Deep Interlock and
Ambiguity

Deep interlock is related to ambiguity between
boundaries of elements (parts) that constitute
the whole (place). In case of deep interlock and
ambiguity, the navigation from one part of a
place to another part is not an abrupt transition
and it is not clear that exactly when and where
the person moves from one part to its adjacent
part.

Echoes “Echo is the property of a place when its whole
structure is reminiscent of another place, or
the sense of familiarity that people some times
experience in a place, even when they visit it
for the first time, due to its similarity with
other places of similar properties. Echoes can
be internal, as similarity of the elements within
a place, or external, characterizing a place as
a whole when compared with other places"
(Vasardani and Winter, 2016).

Elements Places can be described by the elements they
are belonging to (e.g., a city has elements
such as church and school). People use these
elements as descriptive terms to describe a
place using natural languages. Elements can
be extracted from place descriptions. Elements
are part of a place model which includes three
parts: 1- elements, 2- qualities, and 3- activities
(Edwardes and Purves, 2007a; Edwardes and
Purves, 2007b).
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Emotional
Attachments

“Place can be understood, and represented, not
only as an attribute of a location but also
as the emotional attachments that characterize
a relationship between an individual and a
location". Emotional attachment can be modeled
as a combination of mood state, behaviors, and
social interactions (Mennis and Mason, 2016).

Environment Environment is a part of a three-pole model
which is presented by Gustafson (2001).
Environment related to physical characteristics
and natural conditions. “Very often, meanings
of place depend neither on the self, nor on the
relations with or perceptions of others. I have
tentatively labelled this pole ‘environment’".
This pole includes “the physical environment,
including the natural environment and various
natural conditions (weather, seasons), as well as
the built environment" (Gustafson, 2001).

Environment-Self Environment-Self is part of Gustafson (2001)
model which is defined in the relation between
a person and a place. “Meanings of place may
also concern the relationship between self and
environment. This relationship is often based
on the respondents’ knowledge of the place.
Some refer to a formal knowledge (geographical,
historical), others value their familiarity with
their lived-in physical environment" (Gustafson,
2001).

Equipment Equipment described as objects associated with
a place. This object can be inside or outside of
the place, but they play a role in the activities
related to the place. For example, a place to see
a specific statue, the statue may not be in the
place, but the act of seeing is doable in that place.
This part of the model answers the following
question: What is a place equipped with?

Event “Roche (2012) formalizes this conception of
place with this function: P = f (N, E, L), where
P is the place, N the Name, E the Event, and L
the Location." “Event refers to a large spectrum
of meanings, the space within which humans
carry out habitual aspects of their lives, such
as shopping, work, recreation, and sleeping"
(Roche, 2015).
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Feasibility (of an
activity)

Feasibility of an activity is related to whether
the activity can be done in any quality or not.
Feasibility of activities are mostly restricted to
binary statements, either activity is feasible or
not in a place.

Footprint Footprint is the location of a place in the space.
Footprint is one part of the gazetteers’ model.
Footprint of a place defines where the place is.

Form Introduced as a part of an architectural view to
place which includes 1-function, 2- form, and 3-
space. Form is related to geometric properties
and styles in buildings (places) (Canter, 1997).

Formal Dimension Formal dimension is one of the four dimensions
of objects of discourse. The four dimensions
can be considered as dimensions of place as
an object of discourse. It is defined as: “What
kind of object something is: it is concerned with
those properties that distinguish one category
of things from another" (Couclelis, 2010). For
example, the formal dimension of “Perejil is ‘a
tiny, uninhabited island near Ceuta’" (Couclelis,
2010).

Function “The functional perspective points to the
semantic level of functions that provides a sense
of context by depicting the set of operations
that the place supports" (Papadakis et al., 2016).
Function is determining the agentive dimension
of place as an object of discourse. In other words,
a function suggests a specific composition for
a place and determines the functionality of
the place. Also, defined as part of architectural
aspects of building (function, form, and space).
This aspect is directly related to activities that
happen in buildings.

Functional
Differentiation

This facet is related to activities that happen in
places –e.g., home: eating, resting

Functional
Properties

Functional properties are defined as an
affordance that a place can afford (Vasardani et
al., 2016).
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Generalized
Properties (Place
Properties)

“A generalized property is a place property
that is assigned to the place as a whole.
Generalized attribute values result from
some kind of inferential process, such as a
statistical inference on a sample, simulation,
or algorithm, performed on place observations
or other interpreted data" (Adams, 2015). The
properties can be inferred based on the observed
properties of the location. Are stored as a set of
key/value pairs. “A generalization is similar to
an observation with the following exceptions.
A generalization is associated with one and
only one place, unlike observations which can
have multiple place associations. Instead of
an observation procedure, a generalization
is generated by an inference mechanism.
Generalizations do not have a location, only
a place association" (Adams, 2015) – e.g.,
Population count, temperature seasonality,
median income.

Geographic
Location

“A place is a unique spot in the universe. Place
is the distinction between here and there, and
it is what allows people to appreciate near and
far. Places have finitude, but they nest logically
because the boundaries are (analytically and
phenomenologically) elastic. A place could be
your favourite armchair, a room, building,
neighbourhood, district, village, city, county,
metropolitan area, region, state, province, nation,
continent, planet–or a forest glade, the seaside,
a mountaintop" (Gieryn, 2000). Geographic
location is part of a model introduced by Gieryn
(2000) which includes: 1- geographic location, 2-
material 3- form, and 4- invested meaning and
value.

Good shape “The property of good shape of a place is the
result of the cumulative good shape of its parts,
such that if the individual centres and their
surroundings are characterized by good shape
by experiencing a few or all the aforementioned
properties, then a place as the sum of its parts
is also in good shape" (Vasardani and Winter,
2016).
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Gradients Gradient or graded variations are related to a
change or a contrast which is happening in a
smooth way. It is a part of place properties
introduced by Vasardani and Winter (2016),
and described as “[...] gradients that create
harmonious transitions between contrasting
centres and they all belong to the same whole
structure".

Identification In place reference system, place identification is
described as a part of the model which can be
used as an id to determine whether an object is a
place or not. The id can be used to check whether
two places are the same. This part of the model
answers these two questions: Is it a place? Are
these places the same? (Scheider and Janowicz,
2014)

Investment with
Meaning and Value

“Without naming, identification, or
representation by ordinary people, a place
is not a place. Places are doubly constructed:
most are built or in some way physically
carved out. They are also interpreted, narrated,
perceived, felt, understood, and imagined".
“[...], the meaning or value of the same place is
labile—flexible in the hands of different people
or cultures, malleable over time, and inevitably
contested" (Gieryn, 2000).

Level of Scale “Formations within and across places can
exhibit different scales" (Vasardani and Winter,
2016).

Local Symmetries “Local symmetries are experienced in both
natural and artificial places where different
foci create symmetrical neighborhoods around
them" (Vasardani and Winter, 2016).

Locale “Locales are effectively affordances, that is to
say the properties of a location which allow
a particular activity to take place. Locales
need not be tied to a fixed location, for
example a bus or train allows particular sets of
activities and interactions, in the same way as
a church or indeed a mountain" (Purves and
Derungs, 2015). “Apart from the location of a
place, however, one of its most apparent and
observable characteristics is its material content,
also referred to as its landscape, materiality,
setting or locale" (Jonietz, 2016).
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Localization In place reference system, localization is
described as the location of a place at a certain
time. This part aimed at answering the following
‘where question’: Where is a place? (Scheider
and Janowicz, 2014)

Location “Location is defined as a location in space
which can be named and thus, at least implicitly,
assigned coordinates" (Purves and Derungs,
2015). “A place and its location are inseparably
connected. A location can be interpreted as
an absolute point in space which can be
clearly determined by an x, y, z coordinate
tuple and allows geometrical analysis such as
measurements of distances to other locations"
(Jonietz, 2016).

Material Form
(Physicality)

“Place has physicality. Whether built or just
come upon, artificial or natural, streets and
doors or rocks and trees, place is stuff. It is
a compilation of things or objects at some
particular spot in the universe. Places are
worked by people: we make places and probably
invest as much effort in making the supposedly
pristine places of Nature as we do in cities or
buildings" (Gieryn, 2000). Material form is part
of a model introduced by Gieryn (2000) which
includes: 1- geographic location, 2- material 3-
form, and 4- invested meaning and value.

Meaning “Individual and group meanings (of a place)
created through people’s experience and
intentions in regard to that place" (Relph, 1976).

Narrative
Descriptions

“Stories are told in order to help characterize
the uniqueness of a place as well as to define
normative/acceptable behavior, by revealing
the past actions of others. On a continuum
with a place defined by an extensive narrative
history, is a place defined by a single event
(e.g. Chernobyl, Lockerbee, Three Mile Island)"
(Jordan et al., 1998). Narrative descriptions is
part of a model which includes: 1- physical
features, 2- actions, 3- narrative descriptions, 4-
symbolic representation, 5- socioeconomic and
cultural factors, 6- typologies/categorisations.
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Not Separateness Not separateness is defined as “some of them
(borders of places) distinct, some others gradient,
but together they blend in, creating non-
separated places" (Vasardani and Winter, 2016).

Object of Action Object of action is a part of an experiential
account for place which includes 1- action, 2-
objects of action, and 3- valuation (Hockenberry,
2006). This part of the model defines what
objects are related to a specific action. For
example, the action of drinking happens in a bar,
and objects of action such as beer can be found
in the place.

Observed Properties
(Environment
Properties)

“An observed property is the result of a
measurement of the environment by a sensor,
whether it be a mechanical sensor such as a
temperature gauge or a human sensor who
records a written description of a place, at a
specific location and time" (Adams, 2015).

Others Others is a part of a three-pole model which
is presented by Gustafson (2001). Others is a
facet that is related to social relations and norms.
“Places may also be associated with ‘others’
without reference to any social relations or
encounters. In these cases, places are attributed
meaning through the perceived characteristics,
traits and behaviours of their inhabitants"
(Gustafson, 2001).

Others-Environment Others-environment is rarely mentioned in
Gustafson’s empirical study. He described it as
meanings related to place regarding others and
environments such as the atmosphere of a place,
and street-life of a place (Gustafson, 2001).

Parts Parts is introduced in a place-related model
which includes: 1- attributes, 2- activities, and
3- parts (Tversky and Hemenway, 1983). Parts
are described as elements of the scenes such as
‘bird’, ‘sand’ for describing beaches.

Physical Dimension A dimension of place that represents the
physical structure of the place – e.g., a shopping
mall: a set of buildings
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Physical Elements Places have physical elements which have an
impact on the bonding of people to them.
The dimension of places in place attachment
is measured by the prominence of social and
physical elements – e.g., density, proximity,
presence of amenities.

Physical Features Physical features can be described as a collection
of objects. “Places consist of collections of
objects. Each person perceives some set of
affordances for a given small-scale object (e.g.,
a cup, a door handle, or a coffee pot) or
collection of objects in large-scale space (e.g.,
a room, a house, or a restaurant)" (Jordan
et al., 1998). Physical features is part of a
model which includes: 1- physical features, 2-
actions, 3- narrative descriptions, 4- symbolic
representation, 5- socioeconomic and cultural
factors, 6- typologies/categorisations.

Physical Landscape Physical landscape is a part of place elements
(location, physical landscape, and sense of place).
Physical landscape is described as the total sum
of material (both natural and cultural).

Physical Setting Physical setting is described as answers to the
following questions: Where is it? What are the
place physical characteristics?

Place Affect “Reflecting the importance of social
relationships and the context within which
they occur. The specific settings of the place
share the meanings attributed to them by the
individual’s social environment" (Almuzaini,
2017).

Place Attachment (1) Place attachment is the bonding that occurs
between individuals and their meaningful
environments (places). Place attachment has
three dimensions: person (an individual or a
group), place (with spatial level, specificity, and
prominence of social and physical elements),
and process (which can view as affective,
cognitive, and behavioural processes) (Scannell
and Gifford, 2010).
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Place Attachment (2) Place attachment is the closest component part
of a sense of place. “It has often been said
that place attachment is the environmental
psychologist’s term for the geographer’s concept
of sense of place" (Vanclay, 2008). “Place
attachment refers specifically to the extent to
which an individual has positive feeling about
their local environment and/or community"
(Vanclay, 2008). Place attachment is also called
place connectedness, connection to place, or
place bonding. Here, place attachment is
considered as a component part of a sense of
place.

Place Commitment “Place commitment refers to the extent to which
individuals are willing to contribute to their
local place" (Vanclay, 2008) –e.g., contribution
such as repairing houses in a neighbourhood

Place Dependence
(1)

“How far the place satisfies the individual’s
behavioural goals as compared to other
alternative" (Almuzaini, 2017)

Place Dependence
(2)

“I consider place dependence to be more-or-
less similar (to place identity), although strictly
speaking it might be seen as the self-perceived
strength of association between an individual
and a specific place" (Vanclay, 2008). Here, place
dependence is defined as a component of a sense
of place.

Place Familiarity “Place familiarity and place awareness are
similar concepts which relate to the extent of
knowledge an individual has about a specific
place or local environment" (Vanclay, 2008).
Here, it is defined as a part (component) of a
sense of place.

Place Identity (1) Relph (1976) has defined identity of place as
“persistent sameness and unity which allows
that [place] to be differentiated from others."
“There are three aspects which determine
a place’s identity: its physical setting, the
particular actions which can be conducted there,
and any additional meaning which it is allocated,
such as shared cultural values or personal
memories" (Jonietz, 2016).
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Place Identity (2) Place identity is defined as a component part of
a sense of place that “refers more specifically to
the extent to which a person’s identity is vested
in the local place" (Vanclay, 2008).

Place Name
(Toponym)

A name or names associated with a place. It can
be an official name or a vernacular one. A place
can have one or more names which can be used
a reference to the place. A name of a place can
be changed during the time.

Place Objectives The facet is about “individual, social and
cultural aspects of place" (Canter, 1997). “In
other words, different aspects of the goals that a
person has in a place. The distinct constituents
each lead to a proposed distinct element i.e.,
individual, social and cultural" (Canter, 1997).

Place Reference
(Verbal Reference)

“Verbal reference to named and unnamed places,
or more complex verbal place descriptions
containing several such references linked by
spatial relationships are different from the
common localization approach of geographic
information systems and spatial databases"
(Winter and Freksa,2012). “People may refer to
locations by places’ names, such as ‘Cardiff
University’, or by associating different references
with spatial relationships explicitly, such as
‘in front of the cinema’, or implicitly: ‘Hilton,
Cardiff’ implying the Hilton hotel in Cardiff. ‘In
front of the cinema’ is a directional relationship
with the place, while ‘Hilton, Cardiff’ has a
topological relationship that implies hierarchy.
People can also refer to location by providing
relatively exact descriptions of locations, for
example, by stating an address, for example, ‘the
place is at 5 High St., near Liberty Square’, or pin
point it on a map" (Almuzaini, 2017).

Place Social Bonding Place social bonding is defined as “reflecting
the emotional or affective bond between an
individual and a place" (Almuzaini, 2017).

Positive Space “Positive spaces are what differentiate the
figure from the ground in Gestalt theory and
they are usually associated with the convex
footprints of spatial features especially in the
built environment, vs. the background space
that surrounds them" (Vasardani and Winter,
2016).
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Purpose Purpose is determining the telic dimension of
place as an object of discourse. In other words,
it defines why a place as an object of discourse
exists. Considering places as objects of discourse
one may consider the purpose as a facet which
defines why the place exists.

Qualities (1) A place can be described using adjective
terms defining the qualities about the place.
People use the qualities as descriptive terms
to describe a place using natural languages.
Qualities are introduced as part of a model
for place descriptions, i.e., elements, qualities,
and activities (Edwardes and Purves, 2007a;
Edwardes and Purves, 2007b). Qualities are
related to the sense of the place or the subjective
idea of a person regarding the place.

Qualities (2) Qualities are defined as a superset of
affordances. It includes observations (producing
values), and affordances (producing actions).
While Ortmann and Kuhn (2010) define
qualities and affordances not only for places but
for objects. However, it can be used as a part of
place definition.

Quality of Place The quality of a place is defined as a
combination of two factors, spatial accessibility,
and suitability of the place for a specific activity
(Jonietz, 2016).

Roughness Roughness is defined as “Roughness has to
do with the irregularities and imperfections
in any place configuration, as the result of
organic generative process of development that
do not adhere to perfect geometric symmetries"
(Vasardani and Winter, 2016).

Salience of Place
(Absolute view)

“On an absolute level, the salience of a place
can be defined as being irrelevant to the
attachment to specific individuals" (Almuzaini,
2017). Hence, the salience of place in absolute
level is an objective measure that defines how
important a place is.

Salience of Place
(Personal view)

“The salience of a place can be described from
a personal or from an absolute point of view.
On a personal level, many factors can influence
the importance of a place to an individual. This
includes: place dependence, place affect, and
place social bonding" (Almuzaini, 2017).
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Salience “Several properties contribute to the salience
of an object: its singularity, its prominence, its
accessibility, its meaning or cultural significance,
and prototypicality. This element helps to
distinguish landmarks in an environment"
(Almuzaini, 2017).

Scale of Interaction Scale of interaction is related to the scale in
which the place belongs to (in which people
interact with places).

Self Self is a part of a three-pole model which is
presented by Gustafson (2001). Self is related
to personal meaning about a place and the
place’s self identification. The theme of ‘life-
path’, ‘emotion’, and ‘activity’ belongs to this
pole (Gustafson, 2001).

Self-Others Self-others is related to a type of information
that their meaning is related to both self
and others. “Places often become meaningful
because of the respondents’ relations with
people living there - friends, acquaintances,
relatives - and the sense of community that such
social relations create" (Gustafson, 2001).

Self-Others-
Environment

Meaning related to places which involve self,
others, and environment. “Traditions, festivals
and anniversaries often implicate self, others
and various environments (local as well as
national). Similarly, when the respondents’
membership in spatially defined associations or
organizations makes the place meaningful, it
is clear that self, others (other members) and
the environment (geographical and sometimes
institutional) contribute to the overall meaning
of place" – e.g., citizenship (Gustafson, 2001).

Semantic Relation to
Activities

Semantic relation to activities is part of a model
designed to capture references to places in
textual information (Scheider and Purves, 2013).
Activities can be used in/as a reference to
localize places in a description – e.g., a biking
site.

Semantic Relation to
Objects

Semantic relation to objects is part of a model
designed to capture references to places in
textual information (Scheider and Purves, 2013).
Objects can be used in/as a reference to localize
places in a description – e.g., a coffee place.
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Semantic Relation to
Qualities

Semantic relation to objects is part of a model
designed to capture references to places in
textual information (Scheider and Purves, 2013).
Qualities can be used in/as a reference to
localize places in a description – e.g., a warm
place.

Sense of Place (1) “Sense of place relates to the ways in which we
might (or indeed might not) identify with a place
and is necessarily based on our associations and
experiences, or lack thereof, of a place" (Purves
and Derungs, 2015). “In general, however, the
notion of a sense of place involves, apart from its
activities, additional associations to place which
are typically of affective and intangible nature"
(Jonietz, 2016).

Sense of Place (2) Sense of place is defined by its components
such as place attachment, place identity,
place dependence, place familiarity, place
commitment, and place satisfaction (Vanclay,
2008).

Sentiment
(Individual
Reflection)

An individual reflection is defined as a part of
a place model which clarifies what people feel
about a specific place (ElGindy and Abdelmoty,
2014b; ElGindy and Abdelmoty,2014a).

Service Service is defined as an answer to what kind
of services a place provides for an individual
person.
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Simplicity and Inner
Calm

“This property is a more abstract one perhaps,
but one well understood and agreed upon,
nonetheless, when describing places of
preference, of which it more often than not,
is a characteristic. It abides to the notion that
simplicity offers a feeling of calmness, or
that places function better when they are not
overloaded with elements or functions, or both.
Think of the words one uses when describing
shopping malls. Usually, and depending on
the previous experiences, expressions such
as ‘crowded’, ‘busy’, ‘difficult to navigate
through’, ‘confusing’, or ‘tiring’, often appear
in the descriptions for such places where many
needs and many functions are attempted to be
accommodated, such as shopping for various
categories, eating, resting, recreation and others
in one single place" (Vasardani and Winter,
2016).

Social Elements Place plays a key role in human social life,
and consequently place attachment is the results
of this relationship between people and places.
Place attachment is measured by the prominence
of social and physical elements. Hence, this
property is related to the social aspects of place
attachment.

Social Role (Social
Dimension)

“Representing what patterns of social
interaction occurs there" (Ballatore, 2016) –
e.g., a shopping mall: trading activities.

Social Role
Characteristics

The social role characteristics are related to
activities happen in a place. For example, one
may consider the role of a beach as Place-Where-
Sun-Bathing. The social role characteristics of a
place are anti-rigid, emergent, and dynamic.
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Socioeconomic and
Cultural Factors

“People identify themselves with places
socioeconomically. For example, sea ports are
special socioeconomic places since they afford
transportation and trading, therefore, they
afford a certain type of economic climate. Ports
need people to work there (e.g., loading and
unloading ships), but at the same time they
attract those who are buying and selling goods.
Similarly, different cultures afford different
behaviour in places. For example, black is the
colour of mourning in the west, whereas in
China it is white. Williams (1981) views culture
as a system through which a certain order is
communicated and experienced" (Jordan et al.,
1998). Socioeconomic and cultural factors is part
of a model which includes: 1- physical features,
2- actions, 3- narrative descriptions, 4- symbolic
representation, 5- socioeconomic and cultural
factors, 6- typologies/categorisations.

Space Space is the term used as a part of place
(building) model based on an architectural view.
The model includes 1- function, 2- form, and
3- space. Space is related to the location of the
places (buildings) (Canter, 1977).

Spatial Accessibility “The relative accessibility of a place’s
location, which can be defined as the inherent
characteristic (or advantage) of a place with
respect to overcoming some form of spatially
operating source of friction (for example, time
and/or distance) is of relevance. In fact, a place’s
central location in the movement network might
be a better indicator for high usage frequencies
than its design" (Jonietz, 2016).

Spatial Band Spatial band is part of a model which includes: 1-
spatial band, 2- temporal band, and 3- thematic
band (Janowicz, 2012). Spatial band represents
the spatial patterns of a place. A specific place
type has a specific spatial pattern (considering
the other place with similar and different type).
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Spatial Identity “A place has to be identifiable to exist: it has
a spatial identity that allows it to differentiate
itself from other Places. This first definition of
spatial identity is associated with the Relph’s
‘identity of Place’, who explains that some Places
may share joint attributes. The spatial identity
of a Place may also be shared by a number of
individuals. On the other hand, spatial identity
can also be defined as the identification of
an operator in a particular Space. This second
acceptance refers to Relph’s ‘identity with Place’.
As highlighted by Stock, identity is ‘an arbitrary
link between Place and people’ and ‘is not only
linked to representations but also related to the
practice of Places’" (Quesnot and Roche, 2015).

Spatial Level Spatial level determines the scale of interaction
in which the people are bonded to places –e.g.,
home, neighbourhood, city.

Spatial Properties “The dimension of spatial properties reflects
the semantic level of classification, describing
place as a set of properties (e.g., geometries)"
(Papadakis et al., 2016). Spatial properties of a
place define spatial patterns which describe the
relationship between the place and space.

Spatial Reference “Spatial references are locating something in the
world, as in ‘I am at the bus stop’" (Winter, 2009).
Spatial reference is one of the ways to describe a
place in a place description.

Spatial Relation to
Other Places

Spatial relation to other places is part of a
model designed to capture references to places
in textual information (Scheider and Purves,
2013). Other places can be used in/as a reference
to localize a place in a description – e.g., “the
location of land parcels may be described by
relative spatial relations to surviving buildings,
such as churches" (Scheider and Purves, 2013).
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Spatial Value “Lussault defines the spatial value as the totality
of socially valuable qualities of a space" . “Within
the field of geography, the value of a Place
is defined by its relationships maintained with
individuals. These relations are both physical
(i.e. concrete practices) and philosophical (i.e.
everything that is related to the imagination and
representations)". “This notion of spatial identity
is closely linked to the spatial value" (Quesnot
and Roche, 2015).

Specificity Specificity is a measure which is defined to
answer: how a place, in the sense of attachment,
is different from other places in the same type.

Spirit of Place “Spirit of place, or genius loci, is a more
appropriate (compared to sense of place) term
when referring to the qualities of a place that
make it special" (Vanclay, 2008). This definition
is similar to the definition of sense of place
in human geography literature. In here, the
author claims that sense of place is more
about individuals rather than places. He also
mentioned that spirit of place is similar to the
term ‘topophilia’ (love of place) mentioned by
Yi-Fu Tuan.

Strong Centres “In any ‘place’ formation, there exists at least
one, and in most cases multiple centres of
varying sizes, which support each other. This
concept is clear in the central-place theory
in geography and its later modifications"
(Vasardani and Winter, 2016) – e.g., central
district for a city.

Structural Properties Structural properties includes 15 properties
of place: 1- level of scale, 2- boundaries, 3-
positive space, 4- local symmetries, 5- contrast,
6- roughness, 7- the void, 8- not separateness,
9- strong centres, 10- alternating repetition, 11-
good shape, 12- deep interlock and ambiguity,
13- gradients, 14- echoes, 15- simplicity and
inner calm (Vasardani et al., 2016).
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Suitability (of an
activity)

Suitability of activities is related to “influences
the allocation of place utility, the level of
satisfaction expected from interacting with this
particular place, which correlates with the
probability of it being selected and actually
used". “[...] its [a place’s] suitability, meaning
its appropriateness with regards to a particular
activity, tend to vary among its prospective
users" (Jonietz, 2016).

Symbolic
Representation

“Certain places are referenced by symbols
(e.g., New York City is often referenced
as the ‘Big Apple’) having symbolic and/or
mythical meanings. Similarly, the Statue of
Liberty is a common symbol for New York,
related to its history as point of entry
for many U.S. immigrants" (Jordan et al.,
1998). Symbolic representation is part of a
model which includes: 1- physical features, 2-
actions, 3- narrative descriptions, 4- symbolic
representation, 5- socioeconomic and cultural
factors, 6- typologies/categorisations.

Telic Dimension Telic dimension is one of the four dimensions of
objects of discourse. The four dimensions can be
considered as dimensions of place as an object of
discourse. It is defined as “The purpose of things
or the reasons why things happen" (Couclelis,
2010).

Temporal Band Temporal band is part of a model which
includes: 1- spatial band, 2- temporal band, and
3- thematic band (Janowicz, 2012). Temporal
band represents the temporal behaviour of a
place as a pattern – e.g., a restaurant is crowded
in specific hours in a day (around 12 pm, and 8

pm).
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The Void “The property of void is the one that exists in
all places, natural and artificial, rural or urban,
in micro- or macro-scales. It is that of empty
space, a requirement for any place configuration
through which people can move around, where
space is not completely filled. It is also one
of the properties that allows for people to use
each place according to their needs at any given
context." “The void, emptiness or openness of
the space in such places allows for its creative
and individualized use, be it for recreation,
sport, a meeting, or a picnic among others"
(Vasardani and Winter, 2016).

Thematic Band Thematic band is part of a model which includes:
1- spatial band, 2- temporal band, and 3-
thematic band (Janowicz, 2012). Thematic band
represents the theme or non-spatiotemporal
aspects of a place.

Type Type of a place is a part of a gazetteer’s model.
The type of place defines what kind of place it
is.

Typologies “People categorize places in order to understand
what is new, in terms of what is already
understood. This represents an important
mental strategy for dealing with complexity and
new situations." “Our model of place would
allow for comparisons of places based on the
means-end hierarchy. If two places have very
different physical features, and yet provide the
required affordances for a given agent and task,
then they can be classified as similar places"
(Jordan et al., 1998). Typologies/Categorisations
is part of a model which includes: 1- physical
features, 2- actions, 3- narrative descriptions, 4-
symbolic representation, 5- socioeconomic and
cultural factors, 6- typologies/categorisations.

Valuation (of an
action)

Valuation of action is a part of the experiential
model for place which contains (action,
objects of action, and valuation) designed
by Hockenberry (2006). This part of model
defines the quality of an action which happens
in a place – e.g., either ‘good’, ‘greater than
average’ or ‘not bad’ for a meal at a restaurant.
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b.1 part-of-speech tags

Table 43 shows a list of selected part-of-speech tags. More detail can
be found in https://www.ling.upenn.edu/courses/Fall_2003/

ling001/penn_treebank_pos.html.

b.2 typed dependencies

Table 44 shows the dependency types and their descriptions. More
details can be found in https://universaldependencies.org/u/dep/

index.html.
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Tag Description

CC Coordinating conjunction

CD Cardinal number

DT Determiner

IN Preposition or subordinating conjunction

JJ Adjective

JJR Adjective, comparative

JJS Adjective, superlative

MD Modal

NN Noun, singular or mass

NNS Noun, plural

NNP Proper noun, singular

NNPS Proper noun, plural

POS Possessive ending

RB Adverb

RBR Adverb, comparative

RBS Adverb, superlative

VB Verb, base form

VBD Verb, past tense

VBN Verb, past participle

WDT Wh-determiner

WP Wh-pronoun

WRB Wh-adverb

Table 43: A selected list of part-of-speech tags
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Dependency type Description

acl clausal modifier of noun (adjectival clause)

advcl adverbial clause modifier

advmod adverbial modifier

amod adjectival modifier

appos appositional modifier

aux auxiliary

case case marking

cc coordinating conjunction

ccomp clausal complement

conj conjunct

csubj clausal subject

dep unspecified dependency

nmod nominal modifier

nsubj nominal subject

nummod numeric modifier

obj object

punct punctuation

Table 44: A selected list dependency types
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c.1 implementation

c.1.1 Scale Encoding

In scale encoding, the scale values of OpenStreetMap (OSM) are
mapped into the proposed scale schema. The mapping is shown in
Table 45.

c.1.2 Prominence Encoding

To derive prominence levels from OSM importance values, ‘natural
breaks’ classification is used. First, all the importance values are
collected, then based on the histogram the natural break method
calculates the boundaries of each prominence level. Figure 29 shows
the histogram and the derived boundaries for the prominence levels.

c.2 comparing simple-where questions and detailed

where-questions

Figure 30 shows the distributions of place types in SWQs and DWQs.
In DWQs, administrative divisions are almost twice as frequent as in
SWQs. The extra detail (additional toponyms) included in the content
of DWQs dominantly refers to administrative divisions. For example,
Where in California is Disneyland? can be viewed as a SWQ, Where is
Disneyland?, with extra details that shows what the inquirer already
knows about its coarse location (in California). Hence, the differences

Table 45: Scale mapping from OSM values to proposed schema

Scale level (proposed schema) OSM scale levels Description

1 value > 27 buildings and houses

2 22 6 value < 27 airports, roads and streets

3 18 6 value < 22 suburbs and districts

4 16 6 value < 18 cities, islands and villages

5 12 6 value < 16 counties

6 8 6 value < 12 states and regions

7 4 6 value < 8 countries

8 value < 4 oceans, seas and continents
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Figure 29: Histogram of importance values and boundaries of prominence
levels.

Figure 30: Distribution of types in the SWQs versus DWQs.

between the two distributions illustrate where the additional detail is
included.

Answers to SWQs (Figure 31) have a linearly incremental
distribution (except for the coarsest level of scale). The figure shows
the answers are generated with toponyms that belong to coarser
levels of scale compared to places mentioned in the SWQs. The
distribution of scale in the answers to DWQs shows a dominance of
references to places of scale between the two mean values of the
questions’ bi-modal distribution. Thus, people tend to generate
responses at a level of scale greater than that of the place that is
asked for, and lower than the scale of the places mentioned as
additional details. This is because places at a same or coarser level of
scale than the places in questions would lead to obvious, and hence
irrelevant, answers. The clear distinction of the difference in
answering SWQs and DWQs are shown in Table 46, enabling the
comparison of the levels of scale of places identified in the questions
and their answers.
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Figure 31: Distribution of the levels of scale in the SWQs versus DWQs.

Table 46: Comparison of levels of scale in the answers compared to their
questions

Level of scale in answers Lower than Equal (Between) Greater than

SWQ

each value 17.0% 13.1% 69.9%

min value 25.8% 16.0% 58.2%

median value 14.5% 14.9% 70.6%

max value 10.6% 5.9% 83.5%

DWQ

each value 7.2% 59.6% 33.2%

min value 10.5% 77.7% 11.8%

median value 6.7% 77.3% 16.0%

max value 3.9% 40.8% 55.3%
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Figure 32: Distribution of prominence levels in the SWQs versus DWQs

Figure 32 shows the distribution of prominence in SWQs, DWQs,
and their answers. Based on the figure, people ask about less-known
places and answer referring to well-known ones. In DWQs, both
less-known and well-known places are frequently observed. The
well-known places in DWQs are the details presented in the content
of the questions. In DWQs, inquirer’s state of knowledge can be
estimated better, because the question contains what they already
know and what they want to find out. Similar to the pattern
observed based on scale, prominence levels of places in the answers
to DWQs are mostly between the levels of prominence of the
toponyms mentioned in their corresponding questions (Table 47).

c.3 sequence distributions and frequent patterns

c.3.1 Sequence Distributions

Sequence distributions capture not only the content of sequences,
but the way that the content is generated in the sequence (i.e., style).
The length of sequences can be further investigated using sequence
distributions. Figure 33 shows the sequence distributions of type,
scale and prominence in the questions and answers. Here, only the
first five positions of answer-sequences are visualised. While this
long-tailed distribution contains answers up to a length of 13, the
vast majority (95.84%) of answers have less than five toponyms.
Most of the questions have only one or two toponyms, and the
answers are mostly short as well (usually with less than three
toponyms in their content). In Figure 33, only the top ten types are
visualized, with the rest grouped as OTHER.
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Table 47: Comparison of prominence levels in the answers compared to their
questions

Prominence level in answers Lower than Equal (Between) Greater than

SWQ

each value 19.8% 12.5% 67.7%

min value 30.7% 14.7% 54.6%

median value 19.4% 9.5% 71.1%

max value 9.7% 7.9% 82.4%

DWQ

each value 8.7% 68.4% 22.9%

min value 13.0% 77.9% 9.1%

median value 6.8% 79.7% 13.5%

max value 3.5% 55.6% 40.9%

Figure 33: Sequence distributions of the questions and answers
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Based on the distributions of type, scale and prominence in the
questions, the details in DWQs are likely to be found as the second
toponym. In Figure 33, one can observe that these details usually
belong to the type of ADM1

1 (first-order administrative divisions –
i.e., states) or PCLI (independent political entities – i.e., countries).
Similar patterns can be observed using scale and prominence – i.e.,
the second elements in questions belong to well-known places which
are in coarse levels of scale.

Figure 33 shows the strong role of administrative places in the
human-generated answers in this corpus. The answers are generated
with mid-levels to coarse-levels of scale and presented starting with
mid-levels followed by coarse levels in most cases. Similar patterns
can be observed in terms of prominence; however, places in lowest
and highest prominence levels can be found in the answers. When
comparing the questions and answers based on type, the questions
are asked about a diverse range of place types while the answers are
mostly generated using the top ten types (i.e., the less frequent types
labelled as OTHER are almost twice as frequent in the questions
compared to answers).

c.3.2 Frequent Patterns

Frequent patterns describe the generalized patterns in human
answering behavior. Stronger patterns of a generic class (e.g., scale)
show the usefulness of the generic information to describe the
human-generated answers. Figures 34, 35 and 36 illustrate the top
ten patterns based on type, scale and prominence, respectively.
These patterns are shown for all answers, answers to SWQs, and
answers to DWQs.

Figure 34 shows that the top ten patterns in the answers are
mostly generated with first and second orders administrative
divisions and independent political entities. In the generic class, type,
almost 60% of all answers are described through only ten sequence
patterns. Ten patterns also cover 70% and 50% of the answers to
DWQs and SWQs, respectively. The differences shows that answers
to DWQs are more describable based on place type than the
responses to SWQs. This is because in DWQs, some details are
provided and people can therefore infer the inquirers’ information
needs better. In SWQs, due to lack of context leads to more
ambiguity and likely requires more subjective judgments in
responses.

Figure 35 illustrates the top ten patterns based on scale. The
coarse levels of scale constitute most of the frequent patterns.
Answers covered by these patterns show that scale is an important
generic information characterizing well human-generated answers.

1 The codes for place types are described in Section C.5.
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Figure 34: Top ten frequent pattern in type-sequences of the answers

Figure 35: Top ten frequent pattern in scale-sequences of the answers

The comparison of the answers to DWQs and SWQs shows similar
results to types. More than 80% of the answers to DWQs can be
described using ten patterns based on scale. The style of these
patterns shows that the answers are hierarchically presented
(starting from finer levels followed by coarser levels of scale).

Figure 36 shows the ten most frequent patterns based on
prominence levels. Most of the patterns are constructed with high
levels of prominence. Similar to scale, a strong pattern in the style of
answers can be observed – i.e., starting with less-known places
followed by well-known ones. The patterns based on prominence
have, however, less support in the data compared to the patterns
derived from scale or type sequences. This observation can be
explained by prominence being more tightly related to the specific
context of the questions, compared to scale or type. For example,
finding a highly prominent place reference may not be always
possibleas prominent places are not uniformly distributed in the
world.
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Figure 36: Top ten frequent pattern in prominence-sequences of the answers

c.4 demonstration examples

In this section, four examples are provided to demonstrate how
generic form of answers (e.g., type-sequence) can be translated into
their specific form (toponym-sequence).

Example 1: Where is Nagasaki? In Japan. The specific form and TSP
encoding of this question-answer pair are shown below:

• specific representation (question): [Nagasaki];

• TSP encoding (question): type-sequence [ADM1],
scale-sequence [6], prominence-sequence [4];

• TSP encoding (answer): type-sequence [PCLI], scale-sequence
[7], prominence-sequence [7];

• specific representation (answer): [Japan]

Queries 12 and 13 show the SPARQL queries to derive the specific
form of the answer using the information available in DBPedia and
Geonames, respectively. The result of both queries is the unified
resource identifier (URI) of Japan which is the correct specific
representation of the answer. The query results are shown in Table
48.

PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT distinct ?q1 ?a1 WHERE {

VALUES ?q1 {<http://dbpedia.org/resource/Nagasaki>}

?a1 a dbo:Country .

?q1 ?r ?a1

}

Query 12: SPARQL query of Example 1 (DBPedia)
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Table 48: SPARQL results to Example 1

Knowledge Base Q1 A1

DBPedia Nagasaki Japan

Geonames Nagasaki Japan

PREFIX gn: <http://www.geonames.org/ontology#>

SELECT distinct ?q1 ?a1 WHERE {

VALUES ?q1 {<http://sws.geonames.org/1856156/>} .

?a1 gn:featureCode gn:A.PCLI .

?q1 ?r ?a1

}

Query 13: SPARQL query of Example 1 (Geonames)

Example 2: Where in Illinois is Cahokia? In St. Clair County, Illinois,
United States:

• specific representation (question): [Illinois, Cahokia];

• TSP encoding (question): type-sequence [ADM1, PPL],
scale-sequence [6, 4], prominence-sequence [6, 3];

• TSP encoding (answer): type-sequence [ADM2, PCLI],
scale-sequence [5, 7], prominence-sequence [3, 7];

• specific representation (answer): [St. Clair County, United
States]

Based on the SPARQL template, two queries (Queries 18 and 19)
are used to translate the generic form of the answer to a specific
form using DBPedia and Geonames. The results of the queries are
shown in Table 51. Using DBPedia, the correct answer is among one
of the three retrieved responses {[Collinsville, United States],
[Illinois, United States], [St. Clair County, United States]}. The
second response in the results can be easily filtered due to repetitive
content (i.e., Illinois) considering the content of the question.
However, the first one which is not mentioned in the
human-generated answer cannot be avoided using only the
type-sequence of the answer. Consequently, by considering the
predicted scale-sequence of the answer, the correct response [St.
Clair County, United State] can be derived (Table 51).
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Table 49: SPARQL results to Example 2

Knowledge Base Q1 Q2 A1 A2

DBPedia Cahokia Illinois Collinsville United States

Illinois United States

St. Clair County United States

Geonames Cahokia Illinois St. Clair County United States

PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT distinct ?q1 ?q2 ?a1 ?a2

WHERE {

VALUES ?q1 {<http://dbpedia.org/resource/Cahokia>}

VALUES ?q2 {<http://dbpedia.org/resource/Illinois>}

?a1 a dbo:PopulatedPlace .

?q1 ?r ?a1 .

?a1 ?r2 ?q2 .

?a2 a dbo:Country .

?q2 ?r3 ?a2 .

}

Query 14: SPARQL query of Example 2 (DBPedia)

PREFIX gn: <http://www.geonames.org/ontology#>

SELECT distinct ?q1 ?q2 ?a1 ?a2

WHERE {

VALUES ?q1 {<http://sws.geonames.org/4234969/>} .

VALUES ?q2 {<http://sws.geonames.org/4896861/>} .

?a1 gn:featureCode gn:A.ADM2 .

?q1 ?r ?a1 .

?a1 ?r2 ?q2 .

?a2 gn:featureCode gn:A.PCLI .

?q2 ?r3 ?a2 .

}

Query 15: SPARQL query of Example 2 (Geonames)

Example 3: Where is the Danube River, Europe? It originates in
Germany’s Black Forest, and flows in a southeasterly direction through
central and eastern Europe to the Black Sea:

• specific representation (question): [Danube River, Europe];

• TSP encoding (question): type-sequence [STM, CONT], scale-
sequence [4, 8], prominence-sequence [6, 7];

• TSP encoding (answer): type-sequence [PCLI, MTS, SEA], scale-
sequence [7, 3, 7], prominence-sequence [7, 4, 5];
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• specific representation (answer): [Germany, Black Forest, Black
Sea]

The SPARQL queries for finding the specific forms of answers of
Example 2 are presented in Queries 16 and 17. The results of these
queries are shown in Table 50. Using DBPedia, the results for the
mountain range and the sea that are related to the Danube are the
Black Forest and the Black Sea, while the country is not unique and
ten countries (including the right one, Germany, based on the
human-generated answer) are found in relation to the river. Here,
only the type-sequence of the answer is used, and using prominence
the country lists would narrow down to Germany (the only country
in Level 7 of prominence in the results). Interestingly, the results
using Geonames are incorrect. In Geonames, the river is stored as a
coordinate point, which belongs to one country. Moreover, the
relationships between Black Forest (originates) and Black Sea (flows
to) to the river are not stored in Geonames due to its limited list of
supported spatial relations – i.e., Geonames supports only
containment.

PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT distinct ?q1 ?a1 ?a2 ?a3 WHERE {

VALUES ?q1 {<http://dbpedia.org/resource/Danube>}

?a1 a dbo:Country .

?q1 ?r1 ?a1 .

?a2 a dbo:MountainRange .

?q1 ?r2 ?a2 .

?a3 a dbo:Sea .

?a3 ?r3 ?q1

}

Query 16: SPARQL query of Example 3 (DBPedia)

PREFIX gn: <http://www.geonames.org/ontology#>

SELECT distinct ?q1 ?a1 ?a2 ?a3 WHERE {

VALUES ?q1 {<http://sws.geonames.org/791630/>}

?a1 gn:featureCode gn:A.PCLI .

?q1 ?r1 ?a1 .

?a2 gn:featureCode gn:T.MTS .

?q1 ?r2 ?a2 .

?a3 gn:featureCode gn:H.SEA .

?q1 ?r3 ?a3

}

Query 17: SPARQL query of Example 3 (Geonames)

Example 4: Where is Golden Gate Bridge? It is located between San
Francisco and Marin County, in the U.S. state of California.:

• specific representation (question): [Golden Gate Bridge];
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Table 50: SPARQL results to Example 3

Knowledge Base Q1 A1 A2 A3

DBPedia Danube Moldova Black Forest Black Sea

Ukraine Black Forest Black Sea

Germany Black Forest Black Sea

Romania Black Forest Black Sea

Croatia Black Forest Black Sea

Serbia Black Forest Black Sea

Austria Black Forest Black Sea

Bulgaria Black Forest Black Sea

Hungary Black Forest Black Sea

Slovakia Black Forest Black Sea

Geonames Danube River Romania – –

• TSP encoding (question): type-sequence [BDG], scale-sequence
[5], prominence-sequence [4];

• TSP encoding (answer): type-sequence [ADM2, ADM2, ADM1],
scale-sequence [5, 5, 7], prominence-sequence [4, 4, 7];

• specific representation (answer): [San Francisco, Marin County,
U.S. state of California]

PREFIX dbo: <http://dbpedia.org/ontology/>

SELECT distinct ?q1 ?a1 ?a2 ?a3 WHERE {

VALUES ?q1 {<http://dbpedia.org/resource/Golden_Gate_Bridge>}

?a1 a dbo:PopulatedPlace .

{?a1 ?r1 ?q1} UNION {?q1 ?r1 ?a1} .

?a2 a dbo:PopulatedPlace .

{?a2 ?r2 ?q1} UNION {?q1 ?r2 ?a2} .

?a3 a dbo:PopulatedPlace .

{?a3 ?r3 ?q1} UNION {?q1 ?r3 ?a3} .

}

Query 18: SPARQL query of Example 4 (DBPedia)
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Table 51: SPARQL results to Example 4

Knowledge Base Q1 A1 A2 A3

DBPedia Golden Gate Bridge San Francisco Marin County California

Geonames Golden Gate Bridge San Francisco – California

PREFIX gn: <http://www.geonames.org/ontology#>

SELECT distinct ?q1 ?a1 ?a2 WHERE {

VALUES ?q1 {<http://sws.geonames.org/5352844/>}

?a1 gn:featureCode gn:A.ADM2 .

{?a1 ?r1 ?q1} UNION {?q1 ?r1 ?a1} .

?a2 gn:featureCode gn:A.ADM2 .

{?a2 ?r2 ?q1} UNION {?q1 ?r2 ?a2} .

?a3 gn:featureCode gn:A.ADM1 .

{?a3 ?r3 ?q1} UNION {?q1 ?r3 ?a3} .

}

Query 19: SPARQL query of Example 4 (Geonames)

c.5 feature codes

Table 52 shows the types which are mentioned in Chapter 6. The
complete list can be found in the Geonames website.

Table 52: Feature codes used in Chapter 6 (extracted from Geonames
documentation)

Code Description Example

ADM1 first-order administrative division (states, and provinces) Oklahoma

ADM2 second-order administrative division (counties) Brevard County

ADM3 third-order administrative division (cities) City of Alhambra

ADM4 fourth-order administrative division (towns) Newburgh

AREA a part of land without homogeneous character/boundaries Theresienwiese

BDG a bridge Putney Bridge

FRM a part of land dedicated to agricultural purposes Branksome

HTL hotels The Carriage House

MT mountains Eagles Nest

PCLI independent political entity Paraguay

PPL diverse type of populated places (e.g., cities, and villages) El Granada

PPLA2 seat of a second-order administrative division Lake City

PRK parks and recreational places Franklin Square Park

RGN an area with particular cultural character Central Africa

SCH schools and universities Stuyvesant High School

STM streams Withlacoochee River
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