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Abstract

Online search behaviour has become increasingly utilised in the study of housing
markets. Currently, the majority of research uses Google Trends data, available
from 2006, which is in aggregate form, to ‘nowcast’ rather than predict the future in
a quantitative manner. This brings about a clear lack of raw data availability. This
project uses recent, fine-grained data, encompassing Internet searches conducted for
housing via Rightmove.co.uk from 2012 - 2018. The analysis reveals the geographical
patterns associated with housing market search across England and Wales, and in
the case study areas (London, Liverpool, and She Celd). There are already data
available for the ‘revealed demand’ in the form of sold property prices, but there are
not any data for the ‘latent demand’. The aim of the research was to assess the extent
to which user-generated online housing search data can help us identify, spatially,
housing market and submarket areas. This research therefore adds knowledge to

the geography of housing search in relation to the geography of choice and demand.

Novel geographical information systems methods have then been designed to uncover
the latent demand of online housing searches through four sub-methods: (1) search
intensity, (2) correlation between search and sales, (3) most drawn shape boundaries,
and (4) the intricateness of drawn shapes. It demonstrates that there is significant
value in taking a ‘big data’ approach to housing search and that in doing so we can
build upon earlier theories and concepts about the operation of the housing market
from a geographical perspective. It concludes that technology has helped prospective
buyers be successful when looking for housing online. This research then has real
world utility. It informs house builders, local authorities and mortgage lenders, as

well as academics, who for too long have su[erkd from a data deficit.
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Chapter 1

Introduction

1.1 Introduction

This is an empirical, quantitative thesis using Rightmove plc's online housing search
data from the month of March from 2012 - 2018. The online search is conducted via
www.rightmove.co.uk. Rightmove is the UK's largest online real estate portal and
property website, that brings together estate agents from around the UK and allows
them to advertise both properties and their companies. Rightmove has two tools to
search for property: a Property Search tool (Figure 1.1) and a Draw-a-Search tool
(Figure 1.2). This research then focuses on the relationship between user-generated
online housing search and future market activities in England and Wales, with a

particular focus on three cities (London, Liverpool, and She eld).

It delves into the lack of raw data availability regarding where people are searching
for housing, as well as creating a novel methodology to overcome this problem. Itis
hence important to address the latent demand before the revealed demand in order
to determine exactly where the searcher demand is spatially. The thesis will have
a benet for estate agents in how to market certain geographies, house builders
in where to build more properties, local authorities and land buyers in where to

buy land who have previously been constrained by planning policy, and academic
researchers in the eld to further address this research topic. There is then a gap

in research in how people search for housing online, and the supply and demand
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statistics related to this search. In order to address this problem regarding the lack
of available data, the research area is to understand the geography of housing search

in relation to the geography of choice and demand.

Figure 1.1: Rightmove Property Search, screenshot from 7/10/19

Figure 1.2: Rightmove Draw-a-Search, screenshot from 7/10/19

This chapter introduces the motivation of the thesis, followed by the background to
the thesis, the research aims and objectives, and then the chosen research approach
and method. Following this, the potential contribution to knowledge is explained,

followed by the structure of the whole thesis.

2
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1.2 Motivation of the Thesis

The thesis has aimed to make a contribution surrounding the lack of real, meaningful
data used when debating where new housing should be built in relation to where
the raw demand is. Another main factor is that the current submarket delineations
(Dunning, 2017; Maclennanet al., 1987; Meenet al., 2016; Xiaoet al., 2016) do
not match how people search for housing. Typically, submarkets are based on socio-
demographic factors and are xed to speci ¢ geographies such as output areas. This,
however, should be derived from the search data, as even though output areas were
created to be socially homogeneous, this is not how people search for housing. Palm
(1976) suggests that before the Internet, prospective buyers are one step removed
from information bias. Information bias in this context is that prospective buyers
are in uenced by their surroundings, be it family or neighbourhood knowledge, and
others are in uenced by newspapers or real estate agents, for example. It is then
important to research whether the Internet has a ected this proposed bias, be it in

a negative or positive way. Only three other studies currently cite Rightmove data,
being Kaesbaueret al. (2012), Rae (201B), and Rae and Sener (2016). There are
also a few similar studies that mainly focus on online housing search data, such as
van Dijk and Francke (2018) who use Funda.nl data but to study price and liquidity
dynamics in the Netherlands. Another example is from Pangallo and Loberto (2018)
who use data from Immobiliare.it to analyse individual advertisements in Italy. All

ve studies yield positive results regarding the bene ts of using raw data to explain
housing search and demand, so this thesis therefore builds on these ideas and delves
deeper into the Rightmove data to gain an insight in to the heterogeneity of housing

search in England and Wales.

Another interesting factor is how people are drawing searches based on their mental
maps. The Draw-a-Search tool assumes that everyone has used Google Maps before
and therefore will be able to easily navigate around the map to nd where they
want to live, and assumes that when you use the Draw-a-Search tool that you have
an idea of where you want to move to. The mental maps literature associated with
navigating using the mind is also quite well developed (Adams, 1969; Gould and

Rodney, 1986; Tuan, 1975), but it lacks an update on how people are using online
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maps to interpret desirable locations, for this thesis this includes where searchers
are wanting to live. These discussions were prior to the rise of the Internet and
since then people have become increasingly exposed to online maps in the everyday
situation, such as using Google Maps to explore the neighbourhood in terms of local
restaurants and parks, for example. Prior to this, maps were large physical copies
and not as accessible as they are now. With this increase in using Google Maps in
particular comes an increase in the understanding of how to use maps, or at least,
following the blue dot with a small arrow to point in the direction of travel to get
from point A to point B. To then have access to this Drawn Searches data set is
intriguing as to how exactly are people using their mental maps to draw a boundary
of where they want to live. It is particularly fascinating in being able to interpret
scale as the Google Maps base map within the Rightmove Draw-a-Search tool does
not include a scale bar, but the map does include useful identifying information such

as train stations, schools or types of recreational green space, for example.

There is a distinct lack of recent empirical studies that are explicitly focused on
understanding housing search, especially in the UK, as previous research is very
London-centric (Minton, 2017; Rae and Sener, 2016). This thesis uses three case
studies (London, Liverpool, and She eld) to uncover the di erences between each
other, in terms of search trends and where people go on to buy property in each of
the locations. For this thesis, it is important to draw comparisons or di erences from
London to Liverpool and She eld to be able to see how people search for housing in
di erent locations. London is used as a separate entity from the whole of the UK as
it holds such a large spread of housing prices within the postcode boundary, unlike
Liverpool and She eld. Gray (2017) states that London does not converge with
its neighbours so suggests that it should be removed from the overall UK averages,
which is what will be done in this thesis. These three case study locations are delved
in to deeper to fully understand any di erences or similarities in how they operate
as a market and why these di erences may be occurring. Since Rightmove holds
more than 90% of all properties that enter the market (Rae and Sener, 2016) the

Rightmove website essentially is the housing market.

Additionally, although it has been known that everything that is on the Internet
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can be tracked and counted, only recently have members of the public realised just
how much the Internet is able to be tracked via websites due to the COVID-19 virus
outbreak. For example, counting the number of people on a particular website, like
that of B&Q (www.diy.com) (Figure 1.3). B&Q Limited is a British multinational

DIY and home improvement retailing company who are tracking number of visitors
to their site. Their aim was to limit the number of visitors to the site at any one
time due to an increase in people wanting to renovate their properties during the
lockdown (BBC, 2020), but normally we do not see how many people are on a
website at any one time. In this case there were 369,417 people in the queue to
access the site, but typically it is not thought about how many users are utilising a
web page simultaneously. This adds to the currentness of the thesis, in that being
able to have access to a web search data set is both powerful and bene cial to nding

out how people are using the Internet for their everyday lives.

Figure 1.3: B&Q website screenshot, example from 10/04/20
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1.3 Background

This thesis focuses on how people are searching for housing on Rightmove in the
UK, speci cally having chosen three case studies which are London, Liverpool, and
She eld. The housing market is an important research topic as housing represents,
for the majority of people, a household's largest purchase, as well as holding the
largest amount of wealth. The academic literature based on understanding housing
markets and housing search is already well developed (Jones and Watkins, 2009;
Maclennan, 1982). There is, however, a clear lack of empirical studies based on
online housing search. This is principally due to a non-existence of good quality
data which reveals this information asymmetry (Askitas, 2016; Rae, 2043Nu and
Deng, 2015). To be able to address this problem will help to bring this literature
up to date to include online housing search, which is how a large proportion of the

population nd available properties in the UK.

In the 2017 Budget, the government stated that 300,000 new homes would be built
in England each year to address the housing shortage (BBC, 2017). Where housing
is being built and whether the new properties are a ordable or not is another main
factor in shaping today's housing market. It is di cult for a member of the public

to nd out this information. For example, Minton (2017) points out that much of

the a ordable housing in new developments now includes the “starter homes' which
are valued up to ¢450,000 in London and ¢250,000 outside London, which is not
a ordable for a rst time buyer. She goes on to state that the Local Government
Association has claimed that if 100,000 starter homes are built through the planning
system, then between 56,000 and 71,000 social and a ordable rented homes will not
be built. However, according to Watchdog, none of the pledged starter homes were
built in 2019 (BBC, 201%). This means that this thesis is bene cial to understand-
ing where the real demand is in relation to supply, and where this mismatch occurs.
This also further reiterates the point that having access to a new data set will be
bene cial in understanding how markets interact and exactly where the demand is

for housing.

A popular method of utilising online search is by accessing Google Trends data.
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Google Trends data are available from https://trends.google.com/trends/ and has
been freely available to download since 2006. It collates all search terms that were
created on the Google homepages and creates a ratio index of O - 100, where 100 is the
peak popularity of the term within the selected search date range. Figure 1.4 shows
an example of the data showing interest over time for the search term "Rightmove'
in the UK. The time frame is from January 2004, which is the earliest available date
on the website, until May 2020. Almost all of the lowest troughs in the graph are
from December. The top peak in the data set is in August 2013 which has a value
of 100. The lowest value in the data set is in December 2004, having a value of 8.
It also is then possible to create a graph that shows two search terms in relation
to one another. The studies that are in uential in popularising Google Trends are
from MacLennan and O'Sullivan (2012); Wu and Brynjolfsson (2009), and Beracha
and Wintoki (2013).

Figure 1.4: Google Trends "Rightmove' searches from January 2004 - May 2020 in
the UK
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1.4 Research Aims and Objectives

The aim of the thesis is to assess the extent to which user-generated online housing
search data can help us identify, spatially, housing market and submarket areas.
Hence, the overarching research question is proposed to de: what extent can
user-generated online housing search data help identify, spatially, housing

market and submarket areas?

The majority of the reading draws the research to focus upon how to operationalise
online housing search which is the main purpose of this thesis (Clark, 1982; Jones
and Watkins, 2009; Maclennan, 1982). As there is already su cient literature based
on housing markets and housing search, this thesis will have a main interest in
using empirical data to create a new methodology to nd the geography of both
of these terms (Clark, 1982; Maclennan, 1992; Rae and Sener, 2016). Each of the
sub-questions correspond to the following objectives in the thesis which are a phase

to be able to answer the overarching research question:

1. How does sub-regional housing demand from online search vary in

England and Wales?

~ To conduct a search intensity analysis of England and Wales using Right-

move property searches.

2. What is the nature of the correlation between online search activity

and sales in di erent areas of England and Wales?
" To measure the correlation between housing search and market activity.

3. How useful are user-drawn searches at identifying the geography of

submarkets?

" To critically assess the implication for applied research of submarket hous-

ing boundaries and online search activity.

4. To what extent can search be used as a proxy for demand?

8
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" To explore where the most drawn boundaries are in relation to sold prop-

erties.

5. Can a spatial analytical approach help us understand search and

sales activity in submarket areas?

" To examine how search can show localised demand in three case study

areas (London, Liverpool, and She eld) using a compactness test.

1.5 Research Approach and Method

In order to answer the overarching research question and sub-questions, secondary
data from Rightmove is used, along with two other secondary data sources. The
Rightmove data was provided by Rightmove plc for this thesis and comes in two
types as shown in Figure 1.1 and Figure 1.2. The Property Search is conducted by
typing in a geographical location or postcode which is referred to as Property Views
and Emails data. The Draw-a-Search tool requires searchers to match their mental
maps with respect to a Google Maps background in the Rightmove website which is
referred to as Drawn Searches. In both instances, the result returned on the website
is all the available properties based on the specic ltered search. Users are able
to change attributes such as house price range, number of bedrooms, location, and
property type, as well as applying lters such as the property requiring a garden,
garage, or being a new property. The analysis takes on a spatial statistical approach

to uncover this emergence of online housing search resulting in map outputs.

The data used spans from 2012 - 2018 for the Property Views and Emails, and 2012
- 2015 for the Drawn Searches. Both data sets only include the whole month of
March for each year as this is more representative of when people are most likely
to move house. To be able to answer the research question the two other data
sources that are required are the HM Land Registry "Price Paid' data set which

contains all properties' sold prices within the UK, and UK postcode boundaries

from Geolytix. The postcode boundaries are used as they relate the most to where
residential properties are geographically located. Both the additional data sets are

reusable, having an Open Government Licence.

9
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The research design is mostly correlational in design and includes ve di erent ana-

lyses which match the sub-questions, which are as follows:

" To conduct a search intensity analysis of England and Wales using Rightmove

property searches.

The rst analysis is to understand search intensity for England and Wales.
Search intensity is de ned as the average count of views per day per
postcode sector. This results in postcode sector values for how many
people are looking at properties in that sector per day. Only the for sale
properties were kept and Itered to only England and Wales as the data
contains the whole of the UK. Four map outputs are created which contain
summary view, detailed view, emails, and click-through rate intensities.

All four outputs are displayed as deciles to allow for easier interpretation.
" To measure the correlation between housing search and market activity.

The search vs sales analysis is de ned as the Rightmove detailed search
count in relation to the Land Registry Price Paid sum count using the
third quarter of the corresponding year. This allows for a correlation
value to see what type of relationship occurs in di erent geographical
locations. The search value comes from Rightmove data and the sales
value comes from the Price Paid data. These two columns were used to

create a scatter plot as well as the Rvalue.

" To critically assess the implication for applied research of submarket housing

boundaries and online search activity.

The property type analysis only includes the three case study locations
(London, Liverpool, and She eld). The result is a shape that ts within
the case study location and represents the searches when Itered for the
property type split by detached, semi-detached, terraced, bungalow, and
at, which become submarkets. A 5km boundary was created around
the postcode boundaries and then the drawn shapes were ltered to be

completely within the boundaries to keep only the localised polygons for

10
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each case study. The available properties are added as a points layer to

show search matching.
" To explore where the most drawn boundaries are in relation to sold properties.

The most drawn boundaries analysis analyses where the drawn bound-
aries overlap the sold property prices and only the most drawn areas are
kept to show where people are searching in terms of geography. The case
studies drawn boundaries were only Itered for property price in this ana-
lysis. The output was then coloured as 10% opaque to show the darkest
shading where the most shapes overlapped and only the highest value was
kept for this analysis to show where the majority of searches wanted to
nd a suitable property. The background comes from the average Price

Paid data set.

" To examine how search can show localised demand in the three case study

areas (London, Liverpool, and She eld) using a compactness test.

Compactness is de ned for this thesis as having features that are in rela-
tion to a circle shape. A circle is the most compact a shape can be, and
therefore every other drawn shape is less compact. The Polsby-Popper
test calculates how compact a shape is, in relation to a circle, having a
value of 1 and the less compact the shape the lower the value until O
which shows a complete lack of compactness. The score will always be
within the interval of [0;1]. For this analysis, the values were ltered to
have a score o€ = 0:1. It has been assumed that these particular Itered
shapes have been drawn by searchers who know the area, and this is what

Is analysed.

1.6 Potential Contribution to Knowledge

The thesis has aimed to research the of use of raw data regarding where people are
searching for housing online as there is a clear lack of empirical data that solely
focuses on this research area. The current state of knowledge in the eld of housing

search consists mainly of utilising Google Trends data which is not available as raw
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data. Since the Google Trends studies have successful results it can be assumed that
by having access to the raw data from Rightmove that a more reliable conclusion can
be drawn than compared to indexed data. As mentioned in Section 1.3, the previous
studies have found that by looking at individual property level and postcode level
gives a positive correlation between the sum of views and the sales. By looking at
postcode sector, which will be the smallest level within the thesis, and looking at
drawn shapes that t within the three case study locations, it will be able to show

whether the raw data values match that of the Google Trends results.

The analysis is explored by using a spatial analytical approach using open source
software. Previous research based on household migration conducted by Brown and
Holmes (1971) is the closest research to this thesis. However, this was conducted
long before the rise of the Internet and is not on such a large scale. Some methods
from their research have been adapted to benet this thesis to make an up-to-
date contribution to how people are searching for housing online from a spatial
perspective. This thesis is reproducible in terms of the methods used for analysis and
this allows for other data to be analysed to compare to the results within this thesis,
and can uncover other online housing search submarkets. Although the Rightmove
data are private, there are many estate agents using similar Draw-a-Search tools
to allow its users to draw polygons, such as Prime Location and Zoopla (this is
mentioned in more detail in Section 2.2.4). This thesis contributes to the analysis
of housing markets by providing a deeper, alternative understanding of how housing
submarkets are formed and evolve. It could o er the housing market literature a

new method/approach for identifying the submarkets.

One consequence of failing to have reliable data in housing has resulted in a housing
a ordability crisis and a great inequality in the UK regarding home ownership (Wong
and Lyons, 2014). This is also addressed in the Fixing our Broken Housing Market
report where the then Prime Minister Theresa May emphasised that we need to
build many more houses, of the type people want to live in, in the places they want
to live (Department for Communities and Local Government, 2017, p. 6), which
this thesis focuses on, in particular with a methodological contribution. The demand

for housing will always be there so this topic is always relevant, and by bringing in
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private data and the online housing search means that the geography of housing

search can be brought up-to-date to form the geography of online housing search.

1.7 Structure

This chapter has introduced the motivation for the thesis, the background to the
research topic, the research aims and objectives, the research approach and method,
the potential contribution to knowledge, and nally now the structure of the thesis.
The thesis consists of eight further chapters, having nine in total. Figure 1.5 shows

a summary owchart of the order of the thesis.

Figure 1.5: Thesis summary owchart
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Chapter 2 introduces the rationale for the thesis which includes the previous and
current literature. There is a lot of previous literature based on housing search
prior to the rise of the Internet, but there is a lack of supply side information.
This chapter then contains a full and critical review of the current literature to

conceptualise online housing search.

Chapter 3 reveals the conceptual framework which explains how the research prob-
lem will be explored, the speci ¢ direction the research will take, and the relationship
between the di erent variables analysed. The variables analysed are: search intens-

ity, search volume, submarkets, compactness, and sales.

Chapter 4 examines the research design. The thesis uses Rightmove search data as
its main analysis and includes boundary data from Geolytix and HM Land Registry
Price Paid data. It references the research question and aims. It also explains
the analyses used to answer the overarching research question which are: search

intensity, search vs sales, property types, most drawn boundaries, and compactness.

Chapter 5 shows the results of the Property Views and Emails data by analysing
search intensity for England and Wales, and the three case study locations (London,
Liverpool, and She eld). The results for the four variables analysed (summary

views, detailed views, emails, and click-through rate) are looked into in terms of

change from 2012 - 2018 by postcode sector level.

Chapter 6 focuses on the Property Views and Emails data by looking at search
vs sales. It shows the correlation between Rightmove detailed views search data
and actual property sales in terms of sum value for 11 di erent towns and cities
within England and Wales. The three case study locations are also delved into to
gain a deeper understanding of whether these Rightmove searches can explain future

property sales.

Chapter 7 looks into the Drawn Searches data. First the chapter o ers some
summary statistics to be able to fully understand the data, and then it uses map
outputs to look at the spatial trend of property types, the most drawn boundaries

regarding price brackets, and compactness.
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Chapter 8 brings the discussion for the previous three analysis chapters together.
It delves into the meaning and currentness of the results, as well as how the results

link back to the literature review and the ve research questions.

Finally, Chapter 9 concludes the thesis. It reiterates the purpose of the research
and then concludes the research re ections and policy and practice implications, as
well as some suggestions for further research. The next chapter then introduces the

literature review.
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Literature Review

2.1 Introduction

This chapter aims to look at the current and previous literature and has been split
into two main parts. Part one looks at the geography of housing search, and focuses
on Google Trends, urban housing markets, foregrounding housing search, and the
emergence of online housing search. The second part looks at the geography of choice
and demand, and looks at housing submarkets, geospatial segmentation, mental
maps, and de ning neighbourhoods. The literature review systematically explores
the literature related to household search with the aim of identifying what we don't
know about the link between housing search and housing market activity. There

is already a large body of literature based on urban housing markets and housing
market areas, so the emergence of online housing search is the key, new area of
literature that will be drawn upon in the analysis. In doing so, it leads to ve
guestions and an overarching research question, which are explored in full detail in
Chapter 4.

It is therefore necessary to have rst looked at the literature before thinking about
the questions. There is a gap in research in how people search for housing online, and
the supply and demand statistics related to this search. It assumes that those people
who are actively searching for a house all desire to have the same attributes of buying

and selling houses (for example, the number of bedrooms, price, and the moving in
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and out date) as everyone else in society which creates a market equilibrium- but
this is not the case (Coulteret al., 2011). This is where the literature plays a
key part in approaching the research topic of Internet search and housing markets
from a geographical perspective. There is already substantial previous research
on the housing market, yet the majority of the research is prior to 1990. This is
consequently outdated as since then the prominence of the online housing market
has emerged. However, it helps to build a solid background into how housing search
occurred and is included in this thesis as it shows that housing search as a broad
term has not changed. Table 2.1 in Section 2.2.4 expands on these contributions
showing that none of the authors who have used Google Trends have mentioned a
lack of data which will be explored in this chapter as this is a problem. Two key
themes are explored, the geography of housing search, and the geography of choice

and demand.

The rst half of this chapter focuses on the geography of housing search which
is split into four sections: Google Trends, urban housing markets, foregrounding
housing search, and the emergence of online housing search. Prior to this emergence
of the Internet, housing search was conducted via the local newspaper or physically
visiting the preferred location to nd for sale signs. Google Trends data and online
search data have thus advanced this method to that of prediction. This has been
to little avail as the majority of research draws to nowcasting instead of predicting
the future. Urban housing markets have been disputed in the literature in terms of
their formation or whether the access-space model is suitable in explaining spatial
desirability. Foregrounding housing search links back to the urban housing market
and discusses which factors drive the housing market and estimates what property
patterns may emerge. Figure 2.1 shows a timeline of the sudden in ux of using
online housing search. After Maclennan (1982), Cronin (1982), and Palm and Danis
(2001), there have been no signi cant authors who have contributed to the housing
search literature until 2006 when the use of Internet data gained popularity, and

hence the timeline begins to get messy.

The second half of this chapter focuses on the geography of choice and demand which

is split into four sections: housing submarkets, geospatial segmentation, mental
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maps, and de ning neighbourhoods. Housing supply and demand varies in location,
and this falls into the term of geospatial segmentation. To operationalise the supply
and demand of housing has been di cult without access to detailed data, so with
access to Rightmove's data it is possible to determine whether the literature matches
the analysis outputs. This then links to mental maps, as with Rightmove's Drawn
Search data it can be revealed where searchers are drawing polygons on a Google
Maps background, which is explored in Chapter 7. Finally, the last section to be
analysed is de ning neighbourhoods which focuses on Perry's (1929) neighbourhood
unit' and Brown and Holmes's (1971) household migration process as an intra-urban

migrant.

Figure 2.1: From housing search to online housing search

2.2 Geography of Housing Search

Cronin (1982) states that housing market search might be even more important than
other economic markets, such as job search, as housing is a person's single largest
asset. Google trends data has transformed the way that Internet search data has
been utilised for analysis and prediction, and with these successful results it proves
that using online search data can be bene cial for understanding di erent concepts

in di erent locations (Beracha and Wintoki, 2013; Choi and Varian, 2012; Wu and
Brynjolfsson, 2009). Spatially, urban housing markets are of a great importance

as this can explain similar house price boundaries and the immobility of housing
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(Ball and Kirwan, 1977). Consumer economics is then directly linked to housing
economics, as property is valued for its residential use, and is disputed by Maclennan
(1982) as this assumes a prior identi cation of submarkets. This is discussed in this
section. Rae (2018) introduces ve succinct searcher types based on who conducts
online housing search, spanning from searching on the Rightmove website for fun,
to for business purposes. Rae (204bhas also found that even though the data for
his study includes all types of searchers, there is still a strong positive correlation

for the whole of England.

The four main aspects of housing search literature explored are therefore Google
Trends, urban housing markets, foregrounding housing search and the emergence of
online housing search. The use of online housing search is the main push factor for

this thesis and an understanding of up-to-date literature is key to nding a research

gap.
2.2.1 Google Trends

The majority of the key housing search literature bene cial for this thesis uses
Google Trends data as this is currently the most easily accessible open source data.
Google Trends allows for users to download statistics based on speci ¢ keywords or
phrases that were searched for on the Google website, with only a two-day delay
of availability (https://trends.google.com/trends/). It launched in May 2006 and
holds data back to 2004. This search may then reveal people's actual intentions
(Meshcheryakov, 2018). The data are not available as raw values but come in pop-
ularity of searches between a 0 - 100 index. The scores have been normalised, where
100 represents the highest relative popularity of a certain geography and time range.
It is important to normalise this type of data as since 2004 the rise of the Internet
means that there are now more searches than compared to 2004 and would make it
di cult to compare. A simple interpretation is that a value of 50 would have half

the popularity of the peak value, being 100. This is then also search intensity and

search volume which will be explored in the next chapter (Chapter 3).

An example is shown in Figure 2.2 displaying searches for the term "Rightmove' in

the UK from December 2019 until May 2020. It shows the power of Google Trends as
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it is clear to see that both Christmas Day in the UK (the 28' of December) and the
COVID-19 lockdown (from the 23% of March) had a signi cant impact on lowering
searches on Google. The®of February had the most searches, resulting in a peak
value of 100, and every other result is then a ratio of that value. The lowest value is
38 for the 23" of December which had the least, as well as the"22f March which

is when the UK was put into lockdown due to COVID-19. It is then also clear to
see when the housing market was opened again on thd' 18 May where the value
jumped up to 80, when the 12 of May had a value of 57. If the data were to be
downloaded again, even for the day before or after, then the results would change
as it depends on the time frame chosen. Google, hence, has an extremely valuable
data set as there are 5.6 billion searches per day worldwide and as of January
2019 its global market share was 89.95% (Wardini, 2019). It is therefore interesting

to see how this new data availability impacts the current literature.

Figure 2.2: Google Trends "Rightmove' searches from December 2019 - May 2020

The Google Trends data set was initially popularised by Ginsbergt al. (2009) who
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used a subset of data called "Google Flu Trends' and they used the raw data from
this service to try to predict outbreaks of u by using ve years (from 2003 - 2008)

of Google web search logs. They use both regional and state-level estimates of
in uenza-like illness activity in the US. The aim of the analysis was to see whether
tracking search behaviours online were successful in nding out the health of a
population. Originally Ginsberg et al. (2009) stated that the method resulted in
97% accuracy in predicting u when compared with US Centers for Disease Control
and Prevention. However, Lazert al. (2014) found that a di culty in tracking
speci ¢ search terms such as “cough' or ‘fever' are that they can be related to a
number of di erent illnesses. Another factor is that the Google algorithm changed
in this time so to predict the u accurately is very di cult, as is explained by Lazer

et al. (2014). They state that by having access to this large, new data source, it starts
0 as being novel and nding strong correlations is exciting, but in reality, using big
data should not be seen as a substitute for traditional data collection. Several other
researchers looked into the over-prediction and have created more reliable methods
in order to use the Google Flu Trends data (Lampost al., 2015; Preis and Moat,
2014).

The main type of data that is utilised in academia is Google Trends, and Choi and
Varian (2012) have been the key in uencers to popularise this data in academic
research. The article explains the importance of using online user-generated data
to enhance existing knowledge by predicting the present. They utilise search terms
from car sales, unemployment bene ts claims, visitors to Hong Kong, and consumer
con dence from Australia. This paper shows that most economic variables can be
used when analysing Google Trends data and will have signi cant results. Their
methods in particular are useful when considering lag time and seasonal e ects to
forecast near-term values. McLaren and Shanbhogue (2011) make similar claims
in methodological terms, that the data collected by online users as a by-product
are more reliable than collecting it via a survey or questionnaire, as this can avoid
problems such as non-responses and users giving false answers they feel will help the

study.

As mentioned earlier with the Google Flu Trends data, the same complication noted
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among other Google Trends data are that searchers can input di erent search terms
that can relate to numerous di ering topics, such as Dietzel (2016) who focuses on
the term “home'. This term is problematic as Google Trends uses it to include terms
from construction, maintenance, or travel for example, which are not relevant to the
US housing market and so this sampling noise needs to be removed. However, this
is not possible without further information of the search purpose, and without the
raw values. The user of the data can then never be sure if the volume of the term
"home’, in this case, has been used for housing search, or for other purposes which
would not be relevant to the thesis and would need to be addressed. A study by
Kaesbaueret al. (2012) utilises Google searches in comparison to actual Rightmove
searches to see if there is a direct link between volumes of transactions and house
prices. They conclude that searches on both sites are driving each another. The
term “black box' is used to explain that users of the Google Trends data do not
know the actual numbers within the data and so the data have a severe restriction
in usage for further analysis. Kaesbauest al. (2012) also state that there is a need
for further studies into direct website tra ¢ which this thesis aims to build on.
They use a monthly frequency for a total of eight months, whereas this thesis uses
seven years for the Property Search data and four years for the Drawn Search data.
This allows for a more detailed comparison between years, which will build a better

picture of whether site tra c is related to future properties being sold.

Wu and Brynjolfsson (2009) claim that housing market related searches are suitable
for nowcasting when using Google Trends data at both state and national level.
Nowcasting is the prediction of the present, the very near future, and the very recent
past in economics to assess the state of the economy. The most noted study which
focuses on predicting the future with Google Trends data comes from Beracha and
Wintoki (2013). They claim that using past unusual search intensities can predict
the future house price change to an accurate degree when accounting for di erent
types of lag. Another factor to consider in the Google Trends data set is sampling
noise. Google Trends volumes are calculated weekly and so the month average
will vary depending on the peaks of volumes of searches and on which day of the
month the data are downloaded on. Dietzel (2016) tries to overcome this issue by

downloading the same sample on three di erent occasions and averaged it into one
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index, which follows Preiset al. (2013). van Veldhuizenet al. (2016) state that
Google Trends search data can therefore provide an ideal proxy of market activity
before transactions occur. This thesis uses raw data and so these problems are not
encountered, and instead focuses on the bigger picture in a spatial analysis. As the
thesis focuses on urban case studies in England, urban housing markets then need
to be examined which is the next section (Section 2.2.2). There are data available
for housing market areas (HMAS) but this does not show how people are searching
for housing as it uses migration data (Jones, 2002), which is the revealed demand
(the sold properties), and not the latent demand (the searches) that is focused on

for this thesis.

2.2.2 Urban Housing Markets

Urban housing markets can be de ned very simply as the widest area a person would
search for housing in a built-up area. Watkins and Jones (2009, p. 2) state that the
performance of the housing market has become a national obsession in the UK
which is why this thesis is important in nding out how people search in relation
to urban housing markets. Urban housing markets are disputed in the academic
literature in terms of their geographic area, de nition, and as an overarching concept
(Basu and Thibodeau, 1998; Jones, 2002; Palm, 1978; &ual., 2007).

Ball and Kirwan (1977) played a key part in de ning the British housing market,
who looked at the Bristol area. They in particular focused on the immobility of
housing. They claim that di erent urban housing markets are similarly a ected by
local conditions such as employment or competition for use of land. This has since
been disputed in newer literature which focuses on di erences between and within
housing markets (Maclennanret al., 1987; Rae, 2015 Ryan-Collins et al., 2017;
Watkins, 2012). Ball and Kirwan (1977) state that historical developmental factors
in an urban area, in terms of social, political, and economic conditions of di erent
time periods in uence the type of housing stock being built. For example, social
housing or starter homes. An alternative explanation of spatial in uences of the
urban housing market is that it could be split into submarkets, which is explored

in Section 2.3.1, but this, as believed by Ball and Kirwan (1977), would cast a
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doubt into the whole accessibility argument and the market as a continuum. The

homogeneity of housing characteristics within a smaller geography based on their
determinants have been put forward by Schelling (1971), amongst others (Anglin,
1997; Meen and Meen, 2003).

Meen and Meen (2003) interpret how social interactions can be used when modelling
the urban housing market. They claim that, although at that time, there was limited
literature based on this, that it was possible to explain the existence of housing
market hotspots that were directly next to deprived areas. This seems to go against
mainstream economic theories as interactions can come in the form of following peer
groups or due to an externality such as the media portraying a certain location as
having more crime, or a type of housing being associated with poverty, for example.
Media pessimism has a negative impact on the value of properties (Jandl, 2016).
This can therefore cause people to go against their own interests (Meen and Meen,
2003). This will be explored in more detail in Section 2.3.4. Schelling (1971) was
one of the rst to introduce concerns of housing conditions that were segregated
by race, even if the population in those areas desire segregation, which they called
“‘the chequerboard Schelling model'. This conclusion was backed by Clark (1991).
Although this thesis does not look at segregation, it is important to know that in
general, it is very dicult to know why people are buying property in a specic
location, or what limitations or in uences searchers are faced with. This thesis,
therefore, aims to look at where people are searching in terms of geography, rather
than the social interactions that prospective buyers face as that would result in
a whole di erent study. Dorling (2014) also states that in Britain especially, the
location where you live gives away your class. For example, within London, for both
buyers and renters, this is more pronounced as there is a large focus on their specic
postcode district. Lee and Mori (2016) found in their US study that conspicuous
consumers buy high-end properties in the most expensive locations to display their
wealth, and this in turn changes the house prices at a country scale. The popularity

of postcodes is explored in Chapter 5 and Chapter 6.

Additionally, there is also a large body of literature that focuses on the geography
of HMAs (Brown and Hincks, 2008; Hincks and Baker, 2012; Jones, 2002; Jones
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et al.,, 2010). These theories follow the same assumption in that the logic of HMA
boundaries have the understanding that under conditions of perfect competition,
such as housing quality or preferences in location in an urban area, for example,
there is a submarket of similar properties. This is where the access-space model is
utilised (Muth, 1969). The model interprets that the equilibrium price of house per
square metre declines with distance from the city centre. This is also a limitation of
the method, as it does not include household preferences which are explored in the
analysis section in this thesis- not everyone will want to live in the same location
and in the same property. Another limitation, as stated by Ball and Kirwan (1977),

is that it assumes a monocentric city, where all jobs are located in the city centre,
and a way to improve this model is to add multiple locations of jobs. They also
add that if this were to happen, then the reasoning of accessibility would be lost,
and the model would be redundant. Maclennan (1992) states that this is where
the market search patterns can reveal high search intensity areas that can form
the centre of HMA boundaries. Brown and Hincks (2008) question how this can
be operationalised due to a lack of search pattern data, which is why this thesis is

relevant in revealing patterns of demand using a high-quality data set.

The report by Joneset al. (2010) aimed to create a consistent geography of HMAs
in England with the purpose to make it easier to access housing a ordability as a
result of choosing where to place new housing supply. Although this data for the
boundaries of HMAs are not used within this thesis, it is a valuable piece of research
to base how having access to accurate data can enable a reliable outcome for future
research or outputs. They base their results on commuting, following Jones (2002),
and migration. The overall conclusion of HMAs that they suggest is a three-tiered

system consisting of:
" Tier 1. HMAs are de ned by long-distance commuting ows and the long-
term spatial framework.

" Tier 2: Local HMAs are de ned by migration patterns that control the limits

of short-term spatial house price investment.

" Tier 3: Submarkets de ned in terms of neighbourhood or house type price
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premiums.

The analysis they used consisted of the top two tiers, and so this thesis focuses on
both city-wide level and local submarket level to understand how markets interact
with one another. In Section 2.3.1 it takes a deeper look into submarkets. A di erent
view on the de nition of urban housing markets is from functional urban regions (also
known as functional urban areas), but is this is also based on commuting patterns

(Hilber and Vermeulen, 2014), and so will not be looked into for this thesis.

There is a common comprehension in the literature when modelling urban housing
markets in that housing and employment accessibility are jointly found in the resid-
ential choice location (Beckmann, 1973). HMAs therefore explain revealed demand,
whereas housing search is latent demand which is interesting to focus on. HMAs
are a re ection of what has happened in the housing market but looking at it from
the housing search side of things is a way to try to understand what could happen
based on people's preferences. It is the di erence between what has happened and
what people want to happen and trying to understand those di erences is important.
The next subsection (Section 2.2.3) brings about social theories linked to housing

economics.

2.2.3 Foregrounding Housing Search

Residential real estate search is an important topic for this research, as it is mostly
comprised of two commodities, house and land (Kingsbury, 1941), which are al-
most opposite in characteristics. Ryan-Collinet al. (2017) explain that land is
permanent, cannot be produced or reproduced, cannot be “used up’, and does not
depreciate, whereas capital is temporary. They also state that the neglect of land in
economic theory and policy has also had implications for the measurement of land
values, especially, for example, access to the information held by the Land Registry
for England and Wales is not free (other than the Price Paid data set), making the
land market highly opaque. Kingsbury (1941) wanted to create a housing econom-
ics that would enable consumers to have access to basic housing values that would
be bene cial to quantitative economists and non-specialists. It is rst necessary to

consider which economic forces drive the dynamics of an urban housing market and
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to estimate what patterns of movement may result- for example, income growth,
population growth, tastes, preferences, and supply factors. There is a vast amount
of literature spanning all these economic forces (Boelhouwer, 2011; Koopman, 2011;
Maclennan, 1982; Ryan-Collinset al., 2017; Watkins, 2008). The main theories

to understand housing search include neoclassical consumer choice and behavioural
economics, which are further explained in this subsection. They are both important
when considering online housing search as it introduces di erent interpretations of
how housing search originates and therefore also concludes with a sale. First the

creation of a housing economics theory is interpreted.

Housing economic theory has been succinctly explained by Kingsbury (1941) from
an Americentric view. When it was written, it stated that there had been little in

the way of de ning a practical theory to explain housing economics, in that there
had been limited use of measurable data for statistical analysis. She wanted a theory
that in particular allowed homeowners, tenants, and landlords to access information
regarding housing costs and values, rather than for academic research purposes.
The main purpose was to create an economics of housing which was inbetween the
extremes of either focusing on a rigid cost of construction or purchasing, or the
opposite, which is a subjective evaluation which cannot be standardised. A "new'
housing economic theory would then consist of de ning the key terms (value, cost,
investment, net return to investment, and economic rental) in an objective manner so
that quantitative data could be collected and classi ed. She goes on to say that this
theory is not Marshallian economics (Marshall, 1920), who believed that consumers
bought their goods and services based on what o ered the most personal satisfaction.
The overall argument from Kingsbury (1941) was that in order to create a de nition

of housing economics, it needs to include real world quantitative data that explained
the key terms, and to enable the general population to have access to these results to
have equal knowledge about a residential property, whether buying or selling. This
evaluation is a necessary stepping stone when considering how housing economics is

understood more recently.

The rst theory to be reviewed is the neoclassical consumer choice theory, which

focuses on supply and demand as the driving force of economic services, where
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the consumer's perception of a product's value is the driving force in its price.
Kingsbury (1941) states that housing economics is part of consumer economics in
that it assumes when a residential property is sold, that the use stays as residential
when valuing. That way the property is sold at market value as a residential property
and if the consumer is wanting to change the use then they can employ a ratio in
nding comparable basic values for the property. This enables the consumer to
decide whether the property is value for money in their opinion. This model is
based on many assumptions where there are many buyers and sellers, no collusion
between buyers and sellers, an equal knowledge in housing price, and that there is
a market equilibrium. Maclennan (1982) states that the main problems with this
operationalising method are that it assumes a prior identi cation of submarkets, and
that in these submarkets the housing supply builds on the turnover of second-hand
housing stock, and this turnover relies on demand on existing residents. Quigley
(1977) has expressed that there is rich data for individual transactions, but there is
no similar data available in the UK as open data. Pangallo and Loberto (2018) also
use individual transaction data and how many clicks each individual advert gains,

with successful results.

The second theory to be analysed is that of behavioural economics. Maclennan
(1982) states that the behaviour of housing market institutions is abstracted, and
that estate agents, for example, shape area choices. Maclennan (1982) states that
Watson (1973) is incorrect in suggesting that every new house built creates a further
2.5 moves in the housing chain, arguing instead that this changes over time and
space. Dunning (2017) furthers this by stating that in behavioural economics, the
search process gains a larger signi cance, as information is collected and weighed
up, which may result in a suboptimal move. Kauko (2006, p. 82) asks does the
quality-conscious, lifestyle-speci c housing consumer exist, and if so, in what kind
of market context? . They base this assumption on Bourdieu's (1984) social theory
which suggests that social class keeps the upper classes powerful and the lower classes
powerless, but that it mostly happens unintentionally, and that it results in spatially
and socially strati ed preferences for consumption. Kauko (2006) builds on this
theory but only proposes a novel method that would use qualitative research in the

form of open interviews in the Randstad region in the Netherlands to look at socially
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in ected housing preferences. The social class divide mostly relates to a ordability,

in that those with a higher income can a ord a broader variety of property in terms

of both location and type. A key reason for using qualitative research instead of
quantitative is that there are no historical data regarding social groups and housing
preferences, so a behavioural lifestyle preference perspective is needed. This is also
reiterated by Rae (2014), who along with quantitative housing search data, utilised

47 interviews from Rightmove.co.uk users from four perspectives:

1. How people use housing search portals - such as what purpose do they

use it for.

2. What criteria people are most concerned about when searching for

property online - for example, property size, price, type, etc.

3. How often they use online housing portals for recreational use -

having no intention of buying.

4. Whether the results of online search help shape buyer behaviour in
new ways - such as by moving to a location outside of their search location,

or by lowering their expectations for a property.

The results mainly show that the site helped them to nd properties online, as
well as that both a ordability was a main determinant when looking for available
properties, and location was a close second. Additionally, when looking at whether
online search shaped behaviour, 23 out of the 47 interviewees stated that the online
process did change their behaviour, mostly in terms of looking at di erent locations.
This thesis will therefore take a behavioural economics approach, as by utilising the
Rightmove data, it will be able to overcome the data de cit of people's housing
preferences when searching for housing online. With this, online housing search is

the next section to be analysed.

2.2.4 The Emergence of Online Housing Search

Utilising online search, as explored in Section 2.2.1, has proven that by using ag-

gregate data, such as from Google Trends, it is already possible to come to reliable
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conclusions, so then by having access to raw online search the results can uncover
further truths behind people's search behaviour. Search intensity has previously fo-
cused on job searches, and how many job applications it takes to result in a job o er
(Shimer, 2004). It is then possible to transfer search intensity to housing search, in
terms of how many property views it takes to result in a property sale (Eldeet al.,
1999). Elderet al. (1999) use search intensity to suggest that as income increases,
search intensity decreases. They further this by stating that search intensity is also
in uenced by search costs and information access. Although income is not included
in this thesis, a similar assumption is made that the more information a searcher
has on their buyer location, the less intense the search is. This is further explored
in Section 2.3.4.

Housing search is not a new concept, as ever since boundaries, such as fences or
walls, have been in place around properties, as well as owning land, there has been
a desire to own what the neighbours have (Marshall, 2018). Online housing search
has exacerbated this trend to not only make it easier for active searchers but also
recreational searchers who can look at houses for sale on their road from the comfort
of their own home. With this in mind, Rae (201%) created ve di erent searcher
types which are shown below with brief explanations. These play a key role in how
people search for housing online and how the Internet has shaped the way in which

people search.

1. Recreational search - these searchers have no intention of buying. They
are looking at what they cannot a ord, for example the most expensive house

available.

2. Inquisitive search - these searchers also have no intention of buying, but

instead are looking at houses in their area to compare to their own.

3. Aspirational search - the searcher wants to move in the future but is looking
at houses outside their means in the hope that they will get a better job or a

better nancial situation.

4. Active search - the searcher wants to move and has the nancial means to

do so.
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5. Professional search - this searcher is an estate agent or surveyor to compare

prices on the market.

Including the non-active searcher types can act as noise in the data which McLaren
and Shanbhogue (2011) state that a lot of searches could be out of curiosity. How-
ever, Rae (2018) argues that this does not mean that the data set is not worthy of
analysis. In the US, Trulia is an online equivalent of Rightmove, and Piazzesi al.
(2015) use this data to understand the parcelling of the US housing market. They
have since been key in uencers in understanding the geography of housing search,
but there have been no further replications using this data, as like Rightmove, the
data from Trulia is private. A contrasting view is that Watkins and Jones (2009)
believe that the geography of search was unlikely to match a current housing mar-
ket area. Previously, Watkins (2001) argued that there is no clear understanding
on whether the interpretation of the housing search is inherently sectoral or spatial.
Both Rae and Sener (2016) and Palm and Danis (2001) argue that it is both sectoral
and spatial and this thesis will also combine the two to create a clearer de nition
of the geography of online housing search. Both previous and current research has
tended to focus on where people move to, as opposed to where a searcher might

want to move to Rae (2018).

Table 2.1 shows 20 studies that speci cally use online housing search data, both
open source and private, which help to understand how data can be used to advance
online housing search theory. It shows that only ve mention that there is a distinct
lack of available data. This is not as what would be expected, as two-thirds of
those only use Google Trends data, which is not available as raw values, so by using
aggregate data these studies are believed to be of a good enough quality to be able
to explain housing search data. In reality, if there were only access to Google Trends
then an in-depth study of online housing search is not possible due to not being able
to fully interpret the locations and numbers of searchers. McLaren and Shanbhogue
(2011) and Beracha and Wintoki (2013) both utilise Google Trends data and come
to a successful conclusion that volume of online searches can be used as indicators
of economic activity and how online housing search can predict home price changes,

respectively.
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Table 2.1: Online housing search data literature

Google Trends data clearly has the capacity to provide useful and accurate analysis
for housing search, but there is also a distinct lack of accuracy (Askitas, 2016; Boeing

et al., 2020; McLaren and Shanbhogue, 2011; Rae, 2618/ and Deng, 2015).
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McLaren and Shanbhogue (2011) state that for house prices, the results are the
strongest over other economic indicators which they analysed (being unemployment
and VAT changes). They go on to say that there remain some limitations, such as
that there is a short back run of data, there is no information on the actual volumes
of searches, and that the data can change as it is based on a subsample index. The
patterns and e ects of house prices on the housing market can only be examined
indirectly due to a lack of accurate measure of information ow (Wu and Deng,
2015). Rae (201B) furthers this by explaining how the Internet era has advanced
how search data can be utilised to nd submarket geography and search pressure
locations, but only in studies that use private data from online market portals, such
as Trulia in the US, Funda in the Netherlands, ImmobilienScout24 in Germany, or
Rightmove in the UK.

There has been an e ort made to make a clear distinction between predicting and
nowcasting, in that nowcasting is heavily preferred (Choi and Varian, 2012; Ho-
henstatt and Kaesbauer, 2014; Preis and Moat, 2014), and in Askitas (2016) they
reiterate that they do not claim to predict future house prices, but instead nowcast

to enable a better understanding of market behaviour. Askitas (2016) goes on to
conclude that they can only portray a macro-picture as the Google Trends data only
allows for aggregate results, and that they can assume and imagine that by having
access to micro, or raw data, that there would be deep and profound insights into

market behaviour.

Even when having access to raw housing search data from Craigslist in the US by
web-scraping, like Boeinget al. (2020), there are still drawbacks to online data.
Craigslist is a US classi ed advertisement website with numerous sections for hous-
ing, jobs, or items for sale, for example. It allows users to post advertisements for
free, and in Boeinget al. (2020) it focuses on property rental advertisements. They
ask an important question of do these technology platforms serve as information
equalisers or do they re ect traditional information inequalities that correlate with
neighbourhood demographics? (Boeing, 2020, p. 1). They nd that the amount
of information in an advertisement correlated with neighbourhood demographics,

so that listings in higher-poverty neighbourhoods contain less information when
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compared to listings in lower-poverty neighbourhoods. Especially advertisements in
predominantly Black or Latino neighbourhoods, regardless of poverty levels, con-
tained less information about housing units and neighbourhood amenities, which
may result in a searcher not going for that property as it does not have a full set of
information. Both Rae (201%) and Boeinget al. (2020) state that there is a lack of
research which examines the actual information on housing sites, so this thesis aims

to bring this to the forefront.

There is a similar online housing search website to Rightmove in the Netherlands
called Funda, and van Dijk and Francke (2018) had access to this data. According
to Kerste et al. (2012) Funda has a market share of 60% of all other online housing
websites. van Dijk and Francke (2018) focus on the number of listings. They remove
the listings which have the top percentile of the total number of clicks for each year,
as they believe that these are outliers and could be celebrity houses and are therefore
not representative of the average normal number of clicks. They then aggregate the
individual properties to municipal and quarterly level to create a liquidity series and
price indexes. This then shows that by having access to small-scale data, it is not
always necessary to have data to such a small scale. This is considered in this thesis.
There are many other estate agents who have adopted a Draw-a-Search type tool
to help their searchers nd a property in a novel and interesting way, with a few

England and Wales based examples being:

" www.archerandco.com/search/map (England/Wales southern border)
www.hackney-leigh.co.uk/draw-a-search/ (Lake District)

" www.port eldgarrard.com/properties/sales#map (Doncaster)

" www.primelocation.com/for-sale/map/property/uk/ (UK wide)
www.robertwatts.co.uk/search-properties/draw-search/ (Bradford)

" www.zoopla.co.uk/smartmaps/ (UK wide)

Interestingly, there are a mix of both local and UK wide estate agents who have

built this tool. On the local websites, it is then assumed that the users will need
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to draw much smaller shapes as the properties are only available in one town or
city, which will result in much fewer returned results. The size of the shapes are
then interesting to focus on in this thesis. The following section then introduces the

geography of choice and demand.

2.3 Geography of Choice and Demand

The second main theme of the thesis is the geography of choice and demand. The
majority of the research based on the housing market concludes that it is intertwined
with neoclassical economics. Boelhouwer (2011) who although he agrees with this
statement, goes on to cite that this is not likely to represent actual real life prob-
lems. They suggest that the framework is of great importance to understanding
housing choice and demand. In an ideal society, neoclassical economics focuses on
the allocation of resources at a certain point in time, whilst taking into account
trade-o s. There are numerous trade-o s in housing spanning, for example, price,
size, or location. Although there is no way of knowing which trade-o attributes
people will choose, the government has implemented incentives to buy houses in
certain locations such as the Right to Buy scheme and to give more funding to cit-
ies in the South of England, especially in London. The location of housing plays
a key role in this thesis and so the four main themes of geography of choice and
demand explored are housing submarkets, geospatial segmentation, mental maps,

and de ning neighbourhoods.

2.3.1 Housing Submarkets

Housing markets have been explained above in Section 2.2.2, but there is also a
smaller geography of submarkets that are within the overall geography of housing
markets. The housing market is a wider boundary in which people search, but the
submarkets are the ones in practice and are most important. Maclennan (1982)
de nes a submarket as the price of a unit of housing service varies across space or
quality subgroups. For example, London displays self-containment in that people
are moving property within London, and especially if they live in the north, they will

continue to live north of The River Thames. Therefore, the complexity of housing

35



Chapter 2

submarkets requires a detailed database that shows individual transactions, but this
does not exist in the UK (Bourne and Hitchcock, 19743 Quigley, 1977). There has
also been some dispute to the degree of precision in which submarkets are de ned
but the general consensus is that there is no confusion in recent literature that they
do or do not exist (Watkins, 2012). It is hence important to understand the demand
behind every property that is sold to be able to fully know where the supply should

be concentrated, which this thesis will explore.

In neoclassical theory, the housing market is created through price and rent adjust-
ment over time and space to result in an equilibrium between supply and demand
for properties (Koopman, 2011), which links back to Section 2.2.3. Housing supply
can be examined as how the movement of housing services supplied in the market
will uctuate with changes in house prices and is a complex phenomenon. This
means that the UK has many markets as some neighbourhoods have experienced
falls, and some rises in house prices (Watkins and Jones, 2009), resulting in neigh-
bourhood level di erences which thus far have not been explored. This results in
a household demand for space which is highly elastic and that quantity of supply
as its own entity will never explain prices, or even provide an operational solution
(Ryan-Collins et al., 2017). Je erys and Lloyd (2015) justify that the e ect of the
asymmetric relationship between supply and demand is that the total house building
has decreased since its peak in 1966. It is important to understand applied research
on changes of the local housing market and to operationalise the available data to
help planners and the private sector (Watkins, 2008). Watkins (2008) goes on to say
that without the development of a reliable model of the operation of local markets,
this is a large enough barrier to fail to understand the market's interactions and to

create policy interventions.

A lot of the submarket literature focuses on the spatial clustering of properties with
similar housing attributes (Costelloet al., 2019; Grigsbyet al., 1983; Maclennan
and Tu, 1996). There are several ways that submarkets can be analysed (such as
a-priori (Watkins, 2001), data-driven (Wu and Sharma, 2012), and ad-hoc subdivi-
sion (Xiao et al., 2016)) but these methods are not focused on in this thesis. Gray

(2017) cites that the two main submarket clusters in England are the north and
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south, and also explains that London should be treated as a separate entity. He
creates unit root tests using super-regions as the geographical input (for example,
the Midlands, North, and South) both including and excluding London. He goes
on to state that London does not converge with its neighbours so suggests that it
should be removed from overall UK averages, which is what is done in this thesis.
Halligan (2019) furthers this by stating that housing is increasingly una ordable in
many parts of the UK, but especially London and the south-east, and contributes
this to too few homes having been built. He claims that the average UK home now
costs eight times average annual earnings, over twice the historic norm. This crip-
pling a ordability multiple rises to twelve times across London and the south-east.
Atkinson (2020) also explains that London should be viewed as its own “country’
as in 2013 it was estimated in the Financial Times that the entirety of London and
the south-east housing market was worth ¢2 trillion. This is partly down to large
numbers of investors which are pricing out rst-time buyers, and renders Central
London una ordable, except for the very wealthy (Minton, 2017). Even at this mi-
croscale it brings di erences so to look at postcode sectors which are explored in
this thesis and explained in Section 4.4.2 will show comparisons at an even smaller

microscale.

Another interpretation is to split the housing market into submarkets by taste and
preferences which may change over time (Costeld al., 2019). This can come in
the form of desirability of di erent housing and neighbourhood attributes. It could
be argued that the news and housing policies can be attributed the blame for this.
An example of a news story which alters the desirability of housing style is the
Grenfell Tower block tragedy in North Kensington, London. The re happened on
the 14" of June 2017, and it is the worst UK residential re since the Second World
War. Grenfell Tower was part of the Lancaster West Estate, a council housing
complex in North Kensington. Originally, when it was completed in 1974 it was
council housing, but since then 14 of the ats were sold under the Right to Buy
policy, which were occupied by leaseholders or privately rented out (Turner, 2017).
During 2015 - 2016 the building was renovated to gain amongst other attributes,
new external cladding. There were several shortcomings related to the safety of the

building, but the rapidly combustible cladding seems to be the main factor regarding
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the news outlet reporting (BBC, 2019; Laville et al., 2017; Turner, 2017; Waugh,
2017). This was a great concern to members of the public who were then drawn
away from buying a at or apartment in a high rise building. By having access
to the Rightmove data it is then possible to determine whether this did lower the

volume of searches or not.

Submarkets can then be de ned in many ways, and a novel method created by Xiao
et al. (2016), who cited a weakness in traditional identi cation of submarkets, use
street segment scale derived by Space Syntax connectivity which is how accessible
spatial areas are. They used a spatial network analysis of roads in terms of route
closeness (ease of reaching other destinations) and betweenness (potential for move-
ment in a road) to other roads. By using street level, this is more ne-grained
and uses consistent physical geographies which is a key argument for their ana-
lysis, as this is what policy-makers desire. Goodman and Thibodeau (2003) state
that submarkets should be imposed rather than derived, so that policymakers and
practitioners have a clear understanding of the structure. However, Xiaet al.'s
(2016) analysis used derived hedonic price modelling which also included several
other variables (property transaction price, property structural attributes, classi-
cation of output area, year of property price, conventional accessibility variables,
spatial network accessibility radius, and a random error term). All of these com-
bined result in a submarket and had successful outputs. The Rightmove data within
this research is then suitable for de ning new spatial areas of submarkets by using
search data as part of the formation which will be explored in Chapter 7. The next
subsection follows on from submarkets and is geospatial segmentation which looks

at where, spatially, there are any distinct areas of housing.

2.3.2 Geospatial Segmentation

Geospatial segmentation has a lot of overlap with the previous section (Section 2.3.1)
but begins to delve into the geographical drivers of submarkets. It is not just
economic factors that are the cause, as explained previously, as taste and news
outlets are also a great in uencer in where people would like to live, and in what

type of property. This brings about the fact that, although “segmentation' is not
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necessarily a negative term, when looking at the segregation that is involved then it
becomes based on disadvantage and exclusion which are inherently negative. Basu
and Thibodeau (1998) examines spatial auto-correlation in transaction prices of
single-family properties in Dallas, Texas, US. They state that neighbourhoods tend
to be built at the same time, so have the same property characteristics in terms of
size and building materials, as well as neighbourhood properties having the same
proximity to health care buildings and schools, and this will attract similar types of
people. This means that detached housing surrounding the best schools and private
hospitals will have higher income earners than high-rise housing surrounding state

schools.

Housing supply and demand occurs everywhere in terms of location, but the di cult
task is to nd why and where it di ers. It is necessary to consider which economic
forces drive the dynamics of an urban housing market and to estimate what patterns
of movement may result- for example, income growth, population growth, tastes,
preferences, and supply factors (Maclennan, 1982). Tastes and preferences can be
linked to whether the searcher is a rst time buyer or not, as it can be assumed that
rst time buyers tend to search for a at or semi-detached house property type as
they deem it to be more a ordable or easier as their rst property, and then they can
move up the property ladder. There are also no studies based on whether the news
has any signi cant in uence on housing preferences, at the same scale as policies
such as the Right to Buy (van Hamet al., 2013), as well as when types of housings
becomes dangerous such as with the Grenfell tragedy, both previously mentioned in
Section 2.3.1. Recognising this complexity of housing markets means that detailed
data based on individual transactions needs to be available, but this does not exist

in the UK (Quigley, 1977).

A study by Banner Homes claimed that the perfect property is two miles from a
supermarket, ten miles from the coast and within walking distance of a pub where
the landlord knows your name. It would also have good neighbours on both sides, be
close to the countryside and a newsagent, and contain at least two televisions. On
top of that, it will have o -road parking, a spare room, and an en-suite bathroom as

well as a nicely maintained lawn and fast Internet access (South West News Service,
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2013). The overall top 29 features of a happy home are shown in Table 2.2. The top
three, however, and a further nine are not property speci c features, meaning that
when looking for a property these are features that can be purchased separately.
Some are perceived to be subjective, as some can be added after purchase. This
shows that people give di erent values to di erent things and this is important to

show how people's individual desires are not all the same.

Table 2.2: Features of a happy home from Banner Homes

The term "big data' then comes in to play as even though the term does not have a
commonly accepted de nition, conscientious people have developed e ective data-
sensemaking skills (Few, 2018), whilst never trusting tools to do their thinking for

them when using technologies to advance their reach. It is with this data that spa-
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tial segmentation has been de ned, mostly prior to the Internet era. Palm (1976)
researched spatial segmentation in terms of using submarket models in the analysis
of housing. She suggested that submarkets should be carefully de ned to bound
areas which are considered to show discrete attribute-price structures, in place of
a single housing market analysis. By using data to create geospatially segmented
market boundaries, it then eliminates the negative connotations that the majority
of the literature brings about (Ball and Kirwan, 1977; Clark, 1991; Meen and Meen,
2003; Schelling, 1971). Data can be biased, but only when input parameters have
been limited. A recent example can be found from Twitter's new image cropping al-
gorithm, which has been accused of automatically focusing on white faces over black
ones (Hern, 2020). Data in and of itself has no value, it only gains value as a source
of information that results in a deeper understanding (Few, 2018). Therefore, when
using correlations, for example, rst the causal mechanisms should be recognised to

explain the correlation.

Since housing is xed in space, Segal (1979) states that economists have not made a
huge attempt to analyse the characteristics of housing, in terms of matching housing
units to the socio-economic character of a neighbourhood or a household's utility
functions, as with this then demand can be derived. In terms of estimates of housing
demand, such as by Ball and Kirwan (1977), provided support that house prices were
determined by locational, neighbourhood, racial, historical, physical, and structural
factors by using hedonic regression. However, the supply side was not identi ed
in the regression and so there was no valuable insight on the housing demand.
Additionally, peer group e ects, and search and entry costs have been consistently
excluded from estimating equations. In today's online world, the search costs are
almost zero and there are enough online sources to include peer group e ects. These

in uences, however, are not included in this thesis.

Previously, Maclennan (1982) cited that interviews for household preferences had
been rejected, but that newer studies on di erent housing and neighbourhood at-
tributes could help with formulating hedonic price functions would reveal housing
choice aspirations. Rae (208 conducted interviews with users of the Rightmove

website, as mentioned previously in Section 2.2.3, where the results showed that
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a ordability came top in searchers' determinants when looking for available prop-
erties, and location came second. The geospatial segmentation attached to online
housing search is then that location preferences can change easier than before the
emergence of the Internet. He concluded that just under half stated that the online
process changed their search behaviour. This can be attributed to mental maps
and urban perception. Looking at Rightmove's Draw-a-Search tool can bring about
questions of how searcher's mental maps are used when nding housing. The next

subsection then looks at mental maps.

2.3.3 Mental Maps

In this thesis, the online housing searchers can use their mental maps to search for
housing in the Rightmove Draw-a-Search Tool which is further explained in Sec-
tion 4.5.2. The importance of this speci cally relates to the data and in particular
the Drawn Search analysis in Chapter 7. In behavioural geography, a mental map is
a rst-person point of view of a space in a particular location as a subconscious map.
It is interesting to nd out whether searchers are drawing shapes that match cur-
rent geographical boundaries such as postcode sector boundaries or whole counties.
Scale is therefore also distorted in mental maps. People nd it di cult to imagine
whole countries or even their town, with reference to their physical location. The
examination of mental maps in relation to everyday practices has been neglected in
terms of geographical investigations (Laurier and Brown, 2008), so this thesis aims
to overcome this to explain the use of mental maps when looking at online housing

search.

Laurier and Brown (2008) state that there is no misalignment between mental maps
and the space we are in so they conduct a study where two groups of tourists
are given a map which is misaligned with the external environment, requiring a
mental rotation of the map to make sense of it. They explain that common cultural

conventions of map production and reading, such as north being up, allows for
practised skills in navigating successfully with maps. However, if the person cannot
visualise mental images, a condition called aphantasia, then this is very di cult.

In relation to where a person would really like to live, the spatial interaction is
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important (Gould and Rodney, 1986). Gould and Rodney (1986) state that the
fact that we cannot satisfy all our demands in one place is the root cause of varied
patterns of exchange. When thinking about where we want to live, stereotypically,
we want to reduce the commuting time to work, but also not live in the city centre
which is where suburbanisation was an attempt to get away from the congestion of
the industrial areas. Unfortunately, no one ever has a free choice of location or price
of a property, as jobs, schools, and amenities (such as hospitals, supermarkets, or
sports facilities) play a key role in where someone decides to live, as well as language
and immigration barriers. Therefore, even if a person has never been to a location
before, but if they have seen images or heard stories about a location in a positive
light then they will be drawn to it, and if they hear negative things about a location

through the media, for example, then they may stay away from that location.

Residential desirability hence comes from how a person gains new knowledge about
a location (Gould and Rodney, 1986). Even if that person gets an equal weighting
of positive and negative news, the mental images that are associated with this plays
a huge role in their decision-making. It is also subjective as to what a prospective
buyer is looking for in a property or location, such as one searcher may nd a bustling
city centre one-bedroom at their dream property versus a very rural, secluded four
bed farm house with acres of land their dream property. Gould and Rodney (1986)
go on to explain that when people consider a speci ¢ location in terms of its access,
they do not start to do long mathematics in their head to calculate precise measures
as the majority of people will already have an understanding of distance to local
amenities and what their limit is to driving or walking to a supermarket. They also
further this by stating that their mental images lag behind economic reality, and so
those predicting migrational trends should focus on the “invisible landscapes' as the
best predictors. Kingstonet al. (2000) add to this by stating that people's everyday
lives do not match the lines and boundaries that can be found on maps, and that
when using people's digital representations of a space, there needs to be a superior
method to represent these ‘fuzzy' boundaries. They suggest that further research
is required to be able to represent and handle user-de ned fuzzy information that

comes from people's minds but is then di cult to represent on a map.
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In terms of environmental perception, Trowbridge (1913) was one of the rst people
to comment upon people's preferences for places. They investigated people's sense
of direction where during their education children would learn the bearings of a
compass, and through this skill in their later years, would be able to nd their way
around unfamiliar locations, but that their own property and surrounding neigh-
bourhood would act as a centre of reference. Later, the most well regarded contri-
bution to mental maps is from Lynch (1960) who furthered the explanation about
environmental perception. They state that there is a need to recognise and pattern
our surroundings, and that the image has wide practical and emotional importance
to the individual. Lynch's (1960) ve-year study focuses on three American cities
(Boston, Jersey City, and Los Angeles) and how observers interpret their environ-
ment to make mental maps. It results in ve basic elements that are required to be
able to produce a mental image of a city. These are: paths, edges, districts, nodes,

and landmarks. A more detailed explanation is as follows:

" Paths are the channels along which the user moves along, such as streets,

canals, or railroads.

Edges are the linear elements not linked to paths, such as natural boundaries
like the sea, railroad cuts, edges of development, or walls. These are barriers

which are less penetrable or can close o regions from another.

Districts are fairly large sections of the city, which are divided by a similar
character, like a city centre or similar housing styles, which a person can enter

into.

Nodes are points or strategic spots in a city which a person can enter and
serves as a central point to and from which they are travelling. This can be a

crossing, junction, or a square.

Landmarks act as a point of reference for a person which is easily recognisable

from a distance to be able to establish their location.

All cities intertwine all the above ve elements and are required to be able to create

a mental map or explain where a location is to another person to combine a mental
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map between two persons. This is furthered by Palm (1976, p. 280) who states that
we must seek to discern how people learn about places and focus our attention on
institutions that facilitate or limit access to geographical information . This also
adds to the fact that the majority of mental map literature is based on "navigating
the city' and not on how to use a map without physically going to the location.
This thesis is then important as it focuses on how searchers are using their mental
geographical maps on top of a Google Maps background perhaps without having
ever visited the location in person. The nal subsection then looks at de ning

neighbourhoods.

2.3.4 De ning Neighbourhoods

The nal subsection focuses on de ning neighbourhoods, which overlaps with the
previous subsections of housing submarkets, and geospatial segmentation. De ning
neighbourhoods instead focuses on Tt al.'s (2007) research who rst investigated
housing market segmentation through housing price spatial auto-correlation. They
sought to let the data de ne urban housing market segmentation, rather than use
the traditional administrative or any prede ned boundaries to specify submarkets.
This then leads to neighbourhoods. Neighbourhoods have similar de nitions by
di erent researchers, but the most familiar de nition is then that neighbourhood

is generally de ned spatially as a speci c geographic area and functionally as a set
of social networks. Neighbourhoods, then, are the spatial units in which face-to-
face social interactions occur the personal settings and situations where residents
seek to realise common values, socialise youth, and maintain e ective social control
(Schuck and Rosenbuam, 2006, p. 62). Another de nition by Galster (2001, p. 2112)
is almost exactly the same where he de nes it as the bundle of spatially based
attributes associated with clusters of residences, sometimes in conjunction with other
land uses. Perry (1929) gives numerical de nitions to a neighbourhood unit and

that it should have the following attributes:

" The size should be 160 acres.

" Have apopulation density of 37.5 persons/acre.
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" A housing block where between 3,000 - 6,000 people live, with a maximum
limit of 10,000.

" An elementary school in the centre with 1,000 - 1,600 students in an area

with a diameter of 800m.

However, as the size of a neighbourhood unit should be 160 acres (0.65ktis then
interesting to see if this small scale is observed when searchers are drawing shapes
on the Draw-a-Search tool in the Rightmove website. Although the neighbourhood
unit was not used in Britain, Brody (2009) reiterates that Howard's Garden City
idea was used instead. This was also similar to a neighbourhood unit but was
surrounded by green-belt land and had similar areas of residential, industrial, and
agricultural land, to promote countryside living. Byunet al.'s (2014) study focuses
on Korea and whether the neighbourhood unit is still relevant as it has been applied
multiple times when designing new cities and housing block plans. They state that
there had not been a new theory that fully solves the problems of Perry's (1929)
neighbourhood unit theory. The main criticisms are that a neighbourhood could not
only be explained by the aforementioned physical attributes. In the case of Korea,
even new blocks are still loosely designed following Perry's (1929) theory and so is
not yet obsolete. Mehay et al. (2015) go one step further and suggest that it is

time to discard the theory as a best-practice model.

Another way to interpret de ning neighbourhoods is through the relocation process.
A mover's new neighbourhood characteristics change when relocating, as well as the
spatial distribution and quality of amenities (Brown and Holmes, 1971). Brown and
Moore's (1970) and Brown and Holmes's (1971) work focuses on households and their
search behaviour as an intra-urban migrant. An intra-urban migrant is someone who
moves house within a single urban area. Brown and Holmes (1971) decide on two
phases during the migration process: the decision to nd a new property and the
decision of a speci c location; both would result in an improved “place utility’. They
further this by specifying that a searcher rst needs to discover a vacancy, and that
there could be several suitable vacancies in their desired neighbourhood. In that
case the searcher would need to judge each property on their place utility. Place

utility is a level of (dis)satisfaction of a location. This then links back to mental
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maps, as the searcher would have some preconceived ideas about which part of a
neighbourhood is more suited towards their ideals. Instead of mental maps they

focus on "awareness space' which can be de ned by two keywords:

" Activity space: a set of urban locations where the searcher has had direct

contact due to past activities.

" Indirect contact space: a set of urban locations where the searcher has

indirect contact gained from media or acquaintances.

All the available vacancies within their urban location is called a “total vacancy
set'. "Action space' is then a subset of all the vacancies within the urban location,
and each location is given a “place utility' which can be ranked. The action space
for this thesis is then visible in the Drawn Searches data set through the polygon
results. Kajosaariet al. (2021) cite that the literature which looks into the vari-
ation in individual activity spaces can be linked strongly to the built environment

of the residential location, but that they focus mainly on transportation research,
and have expanded to other disciplines such has urban studies or epidemiology, for
example. Wolpert (1965) states that households tend to search in already familiar
areas, whether the information comes from themselves through physical experience
(activity space), or externally through contacts (indirect contact space), and that if
there is a speci ¢ budget then people will have a spatially restricted activity space.
Filters (aspirations) are then added to each vacancy, which could include "'newness
expensiveness' which is related to the age of the property and the cost, and "close-
ness to nature' is related to amount of greenery and privacy, as well as other factors,

such as proximity to work or school, for example.

The nal result during searching has then been called the “search space’, which gets
smaller once a suitable property has been found. An interpretation of Brown and
Holmes's (1971) model is shown in Figure 2.3, as they state that a formulation
would be conical in shape. Their study utilises questionnaire results from 189 recent
movers within Cedar Rapids, lowa, US, in the Spring of 1967. The respondents were
asked to indicate where they viewed any vacancies, and the respondents were then

split into socio-economic classes. They create a novel method to interpret results of
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where the searcher currently lives in cartographic coordinates, and any properties
they view to create a spatial map output of data points. A standard circle then
assumes complete non-sectorality (a coe cient of circularity score of 1), and a line
assumes complete sectorality (a score of 0), with squashed ellipses for any results
inbetween. Results show that when looking at a searcher's current residence and
any viewed properties, the circularity score is higher, than when focusing on the

rst viewed property in relation to future viewed properties.

Figure 2.3: Interpretation of Brown and Moore's intra-urban migration model

Brown and Holmes's (1971) project focuses on the search behaviour before a property
is sold, and as it was successful this suggests it is important to research the latent
demand for housing. MacLennan and O'Sullivan (2012) started to uncover this
demand from new home purchases in the Strathclyde region in Scotland, but with a
lack of open data this was not achieved. Additionally, this thesis places importance
on both inter-urban (between urban areas) and intra-urban migration as both are
equally important. Meen (2001) state that, even if we cannot easily directly observe
search behaviour, they expect that it is search as opposed to moves that changes

price trends. This will be further explored in the analysis chapters. Before online
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housing search, search was just housing search that was conducted by newspaper
adverts and driving around preferential neighbourhoods within a larger area that
the searcher desired to live in. This loose idea of a standardised neighbourhood scale
is then what has importance in this thesis. Meen (2001) further this by reiterating
that average moving distances are small, in that the current place of residence is a
key in uence, but with the emergence of the Internet these distance costs have been

removed. The following subsection then rounds up this chapter.

2.4 Conclusion

This chapter has presented the current literature based on the transformation of
researching housing search into online housing search. It has focused on two main
themes: the geography of housing search and the geography of choice and demand.
Both are very much intertwined with each other and help bring about some ideas
based on how to conceptualise the main themes and ideas which are introduced in
the following chapter (Chapter 3). Overall, it has shown that housing search as a
broad term has not drastically changed. Other than the key researchers of online
housing search (Jones and Watkins, 2009; McLaren and Shanbhogue, 2011; Rae,
201%; Wu and Brynjolfsson, 2009), there have been few technological and data-
driven advancements within the eld, which is why this thesis is both topical in
society and interesting to see whether future forecasting is achievable using online

captured data.

Firstly, the geography of housing search was explored. Since Google Trends data
have been available from 2006, there has been an exponential growth in researchers
utilising this data set for online housing (Dietzel, 2016; Kaesbauet al., 2012; Wu

and Brynijolfsson, 2009). The main drawback of this data set is that it only comes

in aggregate form and so this brings about the lack of raw data argument. Urban
housing markets were then explained which also has lots of current studies (Brown
and Hincks, 2008; Jonegt al., 2010; Meen and Meen, 2003; Watkins and Jones,
2009). A key reference is Ball and Kirwan (1977) who de ned the British housing
market, focusing on the Bristol area, and in particular the immobility of housing.

HMAs are also looked in to, especially from Jonest al. (2010) who created HMAS
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in England by using commuting ows. Although this data set is not used in this

thesis, it is important to know how the geography can be split up in di ering ways.

This leads on to foregrounding housing search with the key literature coming from
Ryan-Collinset al. (2017). Land has been ignored in economic theory (Ryan-Collins
et al., 2017) and hence there is also no open data on land values to be able to conduct
research. Both neoclassical choice theory and behavioural economics are considered
when looking at housing search. The nal and key subsection was the emergence
of online housing search and this brings about Rae's (2@&)5esearch. Rae (201

has played a key role in starting to look at online housing search and especially by
being the rst to use empirical data from Rightmove. He introduced ve key types

of searchers and uses interview results to conclude that the majority of users are
likely to use the Rightmove website for active search. There are also many other
estate agents who use a type of Draw-a-Search tool, but they do not hold 90% of
the properties that enter the market, and so this shows that by having access to the

Rightmove data will result in a thorough study.

Secondly, the geography of choice and demand was further delved in to. Housing
submarkets emerge from practice and are smaller individual boundaries of the overall
housing market. The example of London showed that those who live north of The
Thames will tend to stay north of The Thames. Quigley (1977) states that a detailed
data set should be utilised to fully explain submarkets, and this thesis will aim to do
so with the Rightmove data set. Geospatial segmentation is very similar to research
on submarkets, but instead focuses on the geographical drivers of submarkets such as
taste and news outlets which in uence where people would like to live (Maclennan,

1982). This also links to mental maps, which plays a key role in this thesis.

Although literature on mental maps is quite outdated, the Draw-a-Search tool on
the Rightmove website requires users to search for housing by using a Google Maps
base map and hence this thesis will examine how searchers use their mental maps
when looking for housing online. Gould and Rodney (1986) state that residential
desirability comes from how a person gains new knowledge, be it positive or negative,
about a location. This leads on to the nal subsection of de ning neighbourhoods.

This has introduced two key references, Perry (1929) and Brown and Holmes (1971).
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This builds on from Gould and Rodney (1986) by looking at the areas that are
desirable at neighbourhood level. Firstly, Perry (1929) designed a neighbourhood
unit that is an ideal of a neighbourhood, having a diameter of 800m and centred
around an elementary school. This small scale is interesting to study further, so this
is what this thesis aims to do. The second key reference is Brown and Holmes (1971)
who focused on individual households' search behaviour as an intra-urban migrant.
Their work is particularly important for this thesis, as they create a "search space'
which de nes how migrants are searching for housing. They also design a novel
method to look at spatial versus sectoral property search. This method will be

adapted to match the Rightmove data set.

Both the geography of housing search and the geography of choice and demand
are very similar and highly interlinked and will be focused on within the analysis
chapters. The concept of online housing search is operationalised within the outcome
of the following chapter (Chapter 3) as currently there is no rigid methodology of

doing so, using the current literature as a base to work from.
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Conceptual Framework

3.1 Introduction

This chapter builds upon Chapter 2 which introduced the past and present relevant
literature required to interpret the background knowledge already available to de-
velop this thesis. It focused on eight subsections split into two main sections. The
rst section was the geography of housing search which included: Google Trends,
urban housing markets, foregrounding housing search, and the emergence of online
housing search. The second section was the geography of choice and demand which
included: housing submarkets, geospatial segmentation, mental maps, and de ning
neighbourhoods. These theoretical subsections have built up a solid foundation as
to what already exists, and where the gap in research lies. This chapter therefore
brings some de nitions to the variables that will be used to analyse online housing
search, and the data used within the thesis. In this caghe aim is to assess the
extent to which user-generated online housing search data can help us

identify, spatially, housing market and submarket areas

As mentioned in Section 2.2.2, Brown and Hincks (2008) state that there is a lack of
search pattern data to be able to operationalise this idea. Therefore, as this thesis
has access to such a high-quality data set, it is possible to create a framework of
research in order to reveal any patterns from the results. This new source of data

also allows us to explore from a technical point of view how the technology of housing
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market search might be helping shape or in uence people's search behaviour. It is
also interesting to consider whether technology is hindering or helping the online
housing search process in terms of search matching, and whether a user's knowledge

of mental maps is bene cial in relation to nding a property online.

The purpose of this chapter is then to explain which features and relationships are
important between the variables, and what the data can show to be able to answer
the overarching research question which i§o what extent can user-generated

online housing search data help identify, spatially, housing market and

submarket areas? Firstly, the variables for data analysis are introduced. This
chapter is then split up into two main sections. The rst section is the move to
online housing search: principles and data, which includes Google Trends analysis
and access to data. The second section is drawing shapes, which includes aggregate

shapes and individual shapes.

3.1.1 \Variables for Data Analysis

To be able to conduct this analysis, ve variables are required to be able to bring
in some context for understanding online housing search. The variables that are re-
quired to gain this understanding come from the two Rightmove data sets (Property
Views and Emails, and Drawn Searches) and additional secondary data (the Land
Registry Price Paid data (PPD) set which is further explained in Section 4.4.2)
are shown in Table 3.1. They are: search intensity, search volume, submarkets,

compactness, and sales.

Table 3.1: Variables required to interpret the Rightmove data
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They have been interpreted from the previous chapter (Chapter 2) which introduced
the past studies and literature related to this research. The Rightmove online search
data analysis will include the rst four variables, and the PPD set includes the
sales. The data analysed will be explored in more detail in Section 4.4. There is
already some previous research which utilises Rightmove online housing search data
(mostly Rae (201%,b), and Rae and Sener (2016)). The previous studies are used
as a stepping stone to build upon, as the previous research has proved successful
when looking at online search demand. This research is then of a larger scale, and
will delve into more detail as to how online housing search can help inform policy
recommendations on where to build properties, or how to market properties more

e ciently where there is lower demand, for example.

Itis then possible to place these variables on a graph which reads from the origin that
no technological or geographical knowledge is required to be able to interpret the
term, so the further away from the origin, the more speci ¢ knowledge is required.
The graph's analysis comes about through personal interpretation of the variables.
They refer both to the online housing search user, and the interpretation of the
results within this research. Figure 3.1 shows how the ve variables are interlinked

with one another. An explanation of the two axes are as follows:

" Technological knowledge is required by the searcher to be able to conduct
online housing search in the rst place, whether that is to be able to search
the Internet and use a computer or mobile device (tablet, mobile phone, etc),
as well as navigating the Rightmove website to nd a property. There should
be some prior knowledge of using websites and which sections of the page
are required to advance from the search to inquiring about more information
regarding an individual property. Also, to then analyse the data in this thesis,
such as using open-source software to create meaningful, and novel outputs,

as well as inferences and limitations from the search results.

Geographical knowledge s required by the searcher to navigate the Right-
move website to nd a property in the correct location via the Property Search
through a place name or postcode, and to have some prior use of Google Maps

to be able to use their mental maps knowledge to match their location to
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the base map to draw their shape on the Draw-a-Search tool. The analysis
then requires geographical knowledge to aggregate the data to postcode sector
level and conduct search matching in the case thesis locations (London, Liv-
erpool, and She eld). Additional geographical skills are required to analyse
the Drawn Searches as they can be matched to the Google Maps base map,
as well as properties within the base map, such as train stations or parks, for

example.

Figure 3.1: Conceptual framework model of variables used within the research

It shows that search volume requires the least amount of both technological and
geographical knowledge, as it is simply the sum of all the searches. Search intensity
requires more technological knowledge as this will be split into postcode sector levels
for England and Wales, which will be explained in Chapter 4. Submarkets require
more geographical knowledge than technological knowledge as they will delve into
the locations and sizes of submarkets when the data are Itered for specic prop-
erty attributes. Drawn shapes require the most amount of both technological and
geographical knowledge as the user-drawn shapes require the user's knowledge of
Google Maps as a base map and where they would like to live, as well as being

able to express this as a polygon on the Rightmove website. The background of the
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graph represents search as a whole as all the terms are based on online search, and
the outside dashed line represents sales, in that the search leads to future sales. The

variables' origins will be explored further in this chapter in the next two sections.

3.2 The Move to Online Housing Search: Principles
and Data

As mentioned in Chapter 2, there is already some previous literature that focuses
on online housing search, particularly from Rae (204} that looks deeper into the
Rightmove data, as well as a small scale thesis by Kaesbaeearl. (2012). By looking

at what was successful in the previous studies, it is then possible to determine what
types of variables are required to build up an accurate picture of how people are
searching for housing in England and Wales. There have been no previous studies
at this scale, and by having access to such a large data set from Rightmove, it is
then possible to visually show how spatially housing search is being conducted in

England and Wales by using Rightmove's web platform.

3.2.1 Google Trends Analysis

Google Trends, as previously mentioned in Section 2.2.1, has been available since
2006, holding data from 2004, and allows users to download popularity scores of
search terms on the Google web pages. The results are a score index between 0 -
100, with 100 being the most popular search period. This is a type of search intensity,
where the highest demand has a score of 100, and a score of 50 has half the demand.
The main limitation is that the data are not available in raw form, and therefore can
only show the change in demand over a given time period. Google Trends analyses
direct future analysis to have access to raw data as shown in Table 2.1 (found in
Section 2.2.4). It shows that although only ve out of the 20 most recent studies
that speci cally utilise empirical online housing search data, there is a necessity to
know exactly what raw statistics can show to improve accuracy and transparency
of results. Therefore, it is important to include raw statistics and numerical values

in this thesis, to allow for a more in-depth thesis. Within Google Trends analyses,

such as Askitas (2016), there is a clear limitation of the data use in that it is only
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possible to characterise ndings at macro level due to having aggregate data which
results in a lack of accuracy. Therefore, having access to raw data at a micro level
can provide deeper insights into housing market behaviour, especially in the context

of online search, which is an under-developed focus of analysis.

Askitas (2016) further focuses on "nowcasting' instead of predicting the future, which
also Wu and Brynjolfsson (2009) and Choi and Varian (2012) agree with. Google
Trends is mainly used for correlation or volume data analysis, as these are the
two analyses that are suitable for aggregate data and have given successful results
(Beracha and Wintoki, 2013; Choi and Varian, 2012; Wu and Brynjolfsson, 2009).
Therefore, by having access to Rightmove's raw data set it is then possible to look
at both correlation and volume analysis within England and Wales, but to a more
accurate degree. Choi and Varian (2012) have been the main in uences in making
online search data popular in academic research. They state that Google Trends
has enhanced knowledge and the data can predict the present. They investigate
di erent lag times with past data sets, and Rae (2018 used a six-month lag. This
has proven to be successful when looking at past demand and future sales. In this
thesis, the property sales data comes from the Land Registry Price Paid data set.
As the Rightmove data are from the month of March, a six-month lag then results
in being in the third quarter of the year (from the P! of July until the 30" of

September). This is further explained in Section 4.4.2.

3.2.2 Access to Data

A key in uence on this thesis is from Rae (2018 and Rae and Sener (2016) who have
utilised Rightmove data previously. Itis therefore already known that the data set is
capable of being used for further analysis, and that the data can reveal how people
are searching for housing on the Rightmove website. They have analysed search
intensity and some search patterns on a much smaller scale. It is then important to
build on this work to create a larger-scale comprehensive understanding of exactly
how and where people are searching for housing in England and Wales. As this
thesis has access to data from 2012 - 2018, it is then necessary to standardise the

data results, to be able to compare between years, which Rae (20)18id not do.
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In terms of methods for collecting data, McLaren and Shanbhogue (2011) claim that
data collected as a by-product is more reliable than primary data, as often there can
be a lack of responses or true comments from interviews or surveys, for example.
When using online search data, the searchers are not conscious about their decision-
making, as even though they will know their data tra c can be viewed, there is

no reason for them to change the way they are searching, especially in relation to
housing search as there is no wrong way to search. Online housing search is then a
suitable and novel data set to analyse without having any false or unreliable results,
other than recreational searchers. A further consideration is that Dietzel (2016)
stated that Google Trends data can be problematic in semantic terms. An example
was given in Section 2.2.1 where they looked at the term "home' which could have
been searched on the Google website for other reasons than buying a house, such as
construction, maintenance, or travel. By then having access to the direct website
tra c, this problem is omitted. The only thesis to link both Google Trends and
Rightmove data sets is Kaesbaueet al. (2012). They compare tra c on Google
and on the Rightmove website to see if there is a direct link between the volume of
transactions and house prices and conclude that searches on both sites are driving
each other. They further this by suggesting that there is a need for more studies
into direct trac. Their thesis utilised eight months worth of data, whereas this
thesis will use the month of March for seven years (2012 - 2018) which will give a

much more comprehensive picture of online housing search over time.

Google Trends have hence brought about the termsearch volume' and "search
intensity’ , both of which will be operationalised in this thesis. Search volume
is the metric that shows how many people are searching for a term, but in this
thesis, it is de ned as the number of views on Rightmove correlated against the
sum of sold property prices. Search intensity has not previously been de ned as a
concept nor has it been directly operationalised. Mostly the previous research has
focused on job search (Bloemen, 2005; Eldet al., 1999; Linhares and Yanasse,
2010; Rupert and Wasmer, 2012), where an example of search intensity is de ned
as the number of applications a job seeker makes during a speci c time period, and
the probability that a single application will result in a job o er (Shimer, 2004).

Another de nition of search intensity is from Elder et al. (1999) who state that it
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is de ned as the average number of homes visited by a buyer per week, taken from
the number of homes examined and the number of weeks that the buyer actively
searched before nding the house that was eventually purchased. It delves into the
impact the broker has on buyer-search costs. This, however, ignores direct Internet
search, as the data came from an American survey database and used a regression
analysis. The de nition for this thesis is therefore adapted from previous research

and is de ned as the average count of views per day/month per postcode sector.

The following chapter (Chapter 4) will delve into how much data there are for the
Property Views and Emails data. It is hence important to consider search intensity
and volume to nd out where demand is the highest or lowest, and in particular
where this demand has changed the most in England and Wales. Figure 3.1 shows
that both of these terms require the least amount of geographical knowledge as
the data come from the Property Views and Emails data set which has the spatial
attributes attached. Search intensity requires more technological knowledge as this is
further split by postcode sector to show where, spatially, the demand is, as well as by
aggregating the data to postcode level takes some data cleaning and further analysis.

The next section then introduces the Drawn Searches data set from Rightmove.

3.3 Drawing Shapes

The second data set given for this thesis by Rightmove is the Drawn Searches
data set. The main details of the data set will be explained in the next chapter
(Chapter 4), but the premise is that users are required to match their mental maps
with a Google Maps base map by drawing a polygon of any size or shape, up to
99 edges, to lter by the location of where they desire to live. Any available prop-
erties within the drawn shape polygon are then returned on the website. A main
thought is then exactly how are people drawing shapes? This thought is in terms
of are the shapes regular or irregular, and do they form expected submarkets, such
as by price, or are there unexpected strange shapes along roads, for example. In
this research, the shapes that are less than 30krare utilised, as it is explained in
the following chapter (in Section 4.4.1) that the majority of searchers are drawing

either smaller shapes (less than 10K)) or larger shapes (greater than 300kfi). To
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include those that are 30kr or less allows for the localised Drawn Searches to be
uncovered. The individual shapes will be based on their compactness score, being
<= 0:1 and are typically smaller the more intricate they are, which is explained
further in Section 4.5.2.

3.3.1 Aggregate Shapes

The rst subsection delves into aggregated drawn shapes and draws upon current
and previous research. Rae (20hpand Rae and Sener (2016) are the only current
researchers who have utilised the Rightmove Drawn Searches data. The data used
for Rae's (201%) study is from the 17" of February until the 16" of March 2013

as he states that there is in particular a high search volume in the annual cycle
when more potential buyers are beginning to engage with the housing market. This
resulted in a data set of 808,870 polygons of user-drawn shapes, which is an average
of 28,888 polygons per day. He goes on to state that the data are bene cial when
considering submarket areas in terms of property types or prices, for example. He
also focused on London which is not fully representative of England and Wales as
a whole, as the average property search for London was a 2-bed property, rather
than a 3-bed property which is the national average. Further empirical analysis and
testing over a longer time frame can then help to understand further the ways in
which Drawn Searches can help to build a picture of submarket boundaries. It will
add to housing search theory by merging several drawn shapes that hold similar

search attributes to create search area submarket boundaries.

The geography of housing submarket boundaries has received lots of attention
(Brown and Hincks, 2008; Hincks and Baker, 2012; Jones, 2002; Joaesl., 2010).
Muth's (1969) access-space model interprets that the price of house per square metre
declines with the distance from the central business district. This is followed up by
Maclennan (1992) who states that market search patterns can reveal high search in-
tensity areas that can turn into the centre of housing market area (HMA) boundaries.
This thesis builds on Rae and Sener's (2016) spatial and sectoral disaggregation of
London housing search, which focused on price boundaries and number of bedrooms.

This thesis will further this by adding on property types and most drawn bound-
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aries for price submarket' boundaries, to nd out where the highest demand is
for the three case study areas (London, Liverpool, and She eld). The submarkets
therefore emerge as a process of search and is limited through the available Iters
(such as price or property type, for example), and whether they match the future
sold property prices. To then be able to compare and contrast between three dif-
ferent case study locations (London, Liverpool, and She eld) will be interesting.
Figure 3.1 shows that submarkets require similar technological knowledge to search
volume, but a higher amount of geographical knowledge. Palm (1976) states that
there should be more research on the limited access to geographical information, as
imperfect information will always be a limitation when searching for housing online.
This is due to the searcher being required to have sound prior knowledge and in-
formation regarding a speci c location. Without this, then the searcher will have a
larger search area (for example, larger than a city size) as they will not be able to
distinguish between the locations. Once they have searched at a larger scale, only
once they have gained enough information to progress, then they can narrow their
search scale to match what prices and property types are available in their search

area.

3.3.2 Individual Shapes

This subsection looks at individual drawn shapes and delves into the intricateness of
the shapes. This is only possible by having access to the raw data, and this therefore
allows for a more in-depth analysis of exactly how searchers are using the Draw-a-
Search tool at a smaller geographical scale, and in particular how speci ¢ searchers
are. The previous chapter (Chapter 2) brought about two key studies that can help
to understand how people are drawing shapes at a small scale based on de ning
neighbourhoods (Section 2.3.4). The rstis Brown and Holmes's (1971) intra-urban
migration model, and the second is Perry's (1929) neighbourhood unit. Neighbour-
hoods are of a very small scale in comparison to HMAs or city scale. Although
neighbourhood scale is not explicitly mentioned in the analysis for this thesis, hav-
ing knowledge and understanding of this scale is important when considering why

and where users are drawing shapes in those areas.
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Brown and Holmes's (1971) research focuses in particular on a household's decision
behaviour during the search process as an intra-urban migrant. Figure 2.3 in Sec-
tion 2.3.4 shows a simpli ed model of their interpretation of the migration process,
starting with deciding to move, to then deciding where to move to a new property.
From their survey results, they calculate a coe cient of circularity to gauge sectoral
bias from both their current property location, and their rst viewed property loc-
ation. A simple interpretation is that when a searcher searches an area in terms of
cartographic coordinates, if it is a perfect circle then it has a score of 1, meaning
complete non-sectorality, implying that they are searching spatially. In real world
terms, this would be searching a specic radius distance away from their current
property. The opposite of this is then a straight line, having a score of 0, meaning
complete sectorality. On a base map, this might then be someone searching along
a major road, for example. Household search can also be characterised by distance,
directional, and sectoral biases, which can create a better picture of how people are
using technology to nd properties. Brown and Holmes (1971) create an average
picture based around socio-economic class, but this thesis does not have access to
the user's current property location nor their socio-economic class. Instead, this
thesis will aim to build on this by updating the analysis, and by focusing on the

intricateness of the drawn shapes, to build a geography of online housing search.

In terms of modifying shapes, gerrymandering is used in US politics to manipulate
the boundaries of an electoral constituency which results in unfair favouring one
party or class. There is then a "Polsby-Popper' analysis that can be used, where
the results are similar to Brown and Holmes's (1971) coe cient of circularity, as the
score falls betweeni0; 1], and is in relation to a circle, but the equation is di erent.
Brown and Holmes (1971) uses the cartographic coordinates of viewed properties in
relation to the searcher's current property, and then creates an ellipse, and measures
the distance of the minor and major axes, and any rotation. This thesis has access
to all the user-drawn shapes completed on the Rightmove Draw-a-Search tool, and
so by using an assumption that if a searcher has drawn a simple, regular shape, such
as a square or rectangle, then the user has limited knowledge of a location. The
opposite is then also assumed, in that when a user draws a complicated, irregular

shape, then they have prior advanced knowledge about a location as they will need to
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use the Google Maps background to utilise their mental maps knowledge. A Polsby-
Popper test can then be conducted to measure theompactness' of a shape. The
test was originally developed by Polsby and Popper (1991) to quantify the degree of
gerrymandering of political districts, but for this thesis it is used to nd the most

distorted shapes. The formula used is:

4A (S)
P(S)?

PP(S) =

where PP(S) is the Polsby-Popper scoreS is the shape,A(S) is the area of the
shape andP(S) is the perimeter of the shape. A simple, regular shape will when
have a score of aroun@:75, being a square or rectangle, and a polygon with numer-
ous points and is very irregular will have a much lower score, closer @ Previous
research has used it for partisan analysis or racial bias (Faet al., 2015; Niemi

et al., 1990; Schwartzberg, 1965). A related study is by Gillman (2012) who re-
searched geometry and gerrymandering. They use the Polsby-Popper formula to
calculate areas of various shapes and example scores are: a hexaQ@9g9, a
square (:7859 and an equilateral triangle 0:6049. This means that this formula

is suitable also for shapes other than district boundaries. This is explained in more
detail in Section 4.5.2 in terms of the methodology used for further analysis. This is
then the rst large scale thesis that uses compactness in order to analyse user-drawn

housing search shapes.

Perry's (1929) neighbourhood unit is interesting when considering small scale
searches as scale is important for the interpretation of an “ideal' neighbourhood.
They state that a neighbourhood unit should be of 0.65kfmand that it should be
centred around an elementary school. The six overall main features included: size,
boundary, open space, an institution, a local shop, and an internal street system.
By using the Rightmove Drawn Searches, it is then possible to see whether searches
use the Google Maps base map to their advantage and utilise their mental maps
skills to pick out important features. Important features could be public transport
stops, green space, or schools, for example, as these features can be picked out from

a Google Maps background. Within the Draw-a-Search tool it is possible to choose
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between a map or satellite background with Figure 3.2 showing the di erences.

In both the original scale screenshots (Figure 3.2a and Figure 3.2c) it is just possible
to nd the larger roads displayed as a yellow coloured line, and some areas are
labelled on the output. The zoomed in screenshots (Figure 3.2b and Figure 3.2d)
show more details, such as tram stops displayed as the blue squares, as well as
the train station or green spaces, and especially in Figure 3.2b the road names are
more legible. With this, the user is then able to use their prior knowledge with their
geographical mental map knowledge to nd a property. At such a small scale, having
zoomed in on the Draw-a-Search tool, it is then assumed that these users have a lot
of prior knowledge of a speci c location, either by having lived there, or by Brown
and Holmes's (1971) “indirect contact space', having gained the knowledge through
mass media or an acquaintance. Since there is no scale bar in the Draw-a-Search

tool, the idea of scale is then further interpreted in Section 7.2.1.

() Map base map

Figure 3.2: Rightmove Draw-a-Search base maps, example from 6/10/20
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