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Introduction 

 

The housing sector is very widely associated with the economic wealth of a nation. This 

study focuses on the consumption aspect of the housing market and therefore it is crucial to 

outline and understand the attributes and characteristics contributing to the value of a unit. 

Literature has shown that the market price of a housing unit can be determined by the buyer’s 

evaluations of the housing unit’s bundle of inherent attributes, such as locational, structural 

or neighbourhood attributes. The most adopted method scholars have been using to model 

real estate market price is the hedonic price model. 

Nowadays, since the Covid-19 outbreak the general economic context suffered a dramatic 

reduction in consumption, resulting in a further drop in prices and a decrease in workers’ 

income per capita and the real estate market will hardly move independently. On 9th March 

2020, Italian Government imposed a lockdown all over the Country and people started to 

experience homeworking at a worldwide scale. I believe that this would positively affects 

the marginal utility of a good internet connection available at the house. 

Surprisingly, it appears there is a lack in literature on this matter, with only a few studies 

carried out many years ago in US and UK, and with even less taking into account the 

infrastructure for mobile connectivity. 

Leveraging a dataset provided by Italian Revenue Agency of 7.499 transactions that took 

place in the province of Turin (Italy) between 2018 and 2021, the purpose of this thesis is to 

show that both broadband connection and the quality of mobile connectivity provides a price 

premium that consumers are willing to pay when buying a house, even before the pandemic. 

Furthermore, I will show how the role played by internet connection gets more important in 

the last few years, mitigating the negative effect of the Covid-19 on prices. 
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The thesis is structured in the following way: 

1. In Chapter 1 I started from the housing sector analysis followed by a rigorous review 

of the literature available on hedonic model from a general point of view down to 

domestic sector findings. 

2.  In Chapter 2 I developed the main hypothesis meant to be investigated by the thesis 

itself as well as the model used to perform such examinations. 

3. Chapter 3 is split into two main subparts: the first one concern the sample 

composition as well as high level analysis of the observation collected. The second 

one is dedicated to a detailed description of the dependent, explanatory and control 

variables included in the model and their operationalization. 

4. In Chapter 4 descriptive statistics over the sample was performed, followed by the 

specification of the process used for the identification of potential outliers. 

Subsequentially, empirical results were examined in deep, supported by sensitivity 

analysis and robustness checks. Finally, the chapter was completed by introducing 

objective remarks on outcomes that could give birth to future further study.  
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CHAPTER 1 

 

Literature review 

 

1.1 The real estate market 

1.1.1 Real estate market definition 

The housing sector is very widely associated with the economic wealth of a nation, 

considering it usually triggers growth in other economic sectors. From an economic theory 

point of view, it is agreeable that buying a house represents an investment and consumption 

decision at the same time, as buyers may purchase a house both for their own personal 

consumption but also as assets to generate income. Therefore, to study the impact of 

variables to a property price becomes of extreme importance [1]. Boone, L. and N. Girouard 

have shown, indeed, how the housing market has a significant influence on the overall 

consumer behaviour and consumption choices [2]. 

This study focuses on the consumption aspect of the housing market and therefore it is 

crucial to outline and understand the attributes and characteristics that contribute to the value 

of a good in the real estate market. 

One main characteristic which makes a difference when comparing it to other goods is that 

the housing market manifests durability, heterogeneity, and spatial fixity [1], that is indeed 

a unique feature. Literature has shown that the market price of a housing unit can be 

determined by the buyers’ evaluations of the housing unit’s bundle of inherent attributes, 

such as locational, structural, or neighbourhood attributes [3]. Many studies concerned the 

impact of the most classic attributes (such as the school quality and proximity, studied by 
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Jud and Watts in Charlotte, North Carolina [4]). Researchers have gone even further, 

studying the effect of a particular attribute in a specific region (e.g. Li et al studied the effect 

of landfill proximity in Hong Kong [5], Ibeas et al demonstrated a reduction of 1.1% in 

prices for each additional minute in travelling time to the Central Business District in 

Santander [6], whilst Bottero et al valued buildings energy efficiency in 2018 in Piedmont 

region of Italy [7]). 

To model the underlying differentiation effectively, countless scholars have adopted the 

hedonic price model. 

 

1.1.2 Main attributes influencing real estate prices 

As stated in chapter 1.1.1., an effective method for deriving a house market price is to treat 

it as a bundle and study its attributes. 

A more economic explanation for it lays in the notion of implicit market, that denotes the 

process of exchange and consumption as well as production of commodities that are almost 

exclusively traded in bundles, and whose transactions are thereby unobservable [8]. The 

related explicit market, on the other hand, with observed prices and transactions, is for the 

bundles themselves, and it might as well be thought of as constituting several implicit 

markets for the components themselves. This is of particular importance when the bundles 

are not homogeneous (like formerly stated, a house is an heterogenous good) but vary in 

some way depending on the quantity of different components they contain [8]. 

Ultimately, the existence of product differentiation implies that a wide variety of alternative 

packages are available and, therefore, transactions in products are equivalent to tied sales 

when thought of as bundles of characteristics [9]. 

In this sense, it is of extreme importance to explore and select all possible attributes that may 

have an influence. 
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At a high level, they can be grouped in four main categories (even though this grouping is 

just merely representative), listed below with some examples [1]: 

 Locational:  

o Fixed locational: measured in some form of accessibility (travelling time, 

cost of travel, convenience), it has been shown that consumers are willing to 

pay a premium for higher accessibility to public transportation [10]. 

o Relative locational: evaluated by surrogate measures, it has been shown a 

correlation between price and relative locational factors. For instance, 

consumers are willing to pay more for ocean view and/or waterfront [11], 

whilst avoiding landfill sites and cemetery views. 

 Structural: 

o Number of rooms: positive effect, buyers pay more for more space. 

o Floor area: obviously positively correlated. 

o Age: negative effect because the age of a home means less security and 

therefore higher maintenance and repair costs [12]. Though, it is not rare to 

find positive coefficients on age in some submarkets. Clapp and Giaccotto 

developed a rational expectations framework for interpreting the coefficient 

on age in a standard hedonic model, stating that when a negative sign 

emerges, it is reasonable to expect that depreciation is the dominant factor 

being measured. On the other hand, when we observe a positive effect, then 

a “vintage” effect dominates the obsolescence in that particular submarket 

and point in time, due to the customer preferences [12]. 

 Neighbourhood services: 

o Local governments and municipal services: especially for families, school 

and hospital proximity and quality have a positive impact [4]. 

 



CHAPTER 1  Literature review 

8 

 Neighbourhood quality: 

o Socio-economic variables: like neighbour average social class [13]. 

o Other externalities: think about traffic noise, neighbour pollution, crime rate, 

and other disturbances [14]. 

The table below summarizes it all. 

Attribute Effect on house price 

Locational 

Distance from Central Business District - 
View of hills/valley/sea/ocean/lake/rivers + 
Obstructed view - 
Length of land lease + 

Structural 

Number of rooms + 
Floor area + 
Basement/garage + 
Floor level + 
Structural quality (e.g., design. Materials and fixtures) + 
Facilities (e.g., swimming pool, gymnasium) + 
Age of the building varies from place to place 
Building services (e.g., lift, air conditional system) + 

Neighbourhood 
services 

Proximity to shopping center varies from place to place 

Proximity to schools + 
Proximity to hospitals varies from place to place 

Proximity to places of worship + 

Neighbourhood 
quality 

Crime rate - 
Traffic noise - 
Income of residents + 
Environmental quality (e.g., landscape, garden) + 

Figure 1 – List of Commonly Used Housing Attributes in Hedonic Price Models 

 
1.1.3 The impact of COVID-19 pandemic on real estate market 

COVID-19 is an ongoing pandemic of coronavirus disease 2019, caused by severe acute 

respiratory syndrome coronavirus 2. This pandemic (also called “SARS-CoV-2”) is surely 

causing a dramatic reduction in consumption, resulting in a further drop in prices and a 

decrease in workers’ per capita income like a domino effect. In turn, there is also a decrease 

in employment rates, which will further depress consumption. 
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As stated, real estate market is tightly connected to the overall economy of a country, hence, 

at least in the short and mid-term, it will not tend to move independently from the general 

economic context [15]. In addition, it’s not arguable that these negative effects will be long 

lasting because companies will require several months to recover from the losses suffered 

and customers will require much time in order to adapt to the new economic environment. 

Moreover, the coronavirus disease possesses unique features with respect to other pandemics 

because such an event is happening in a globalised and interconnected world, like it never 

was during previous ones [16]. The scale of reduction in final wealth generation has yet to 

be assessed. 

With regards to the real estate market, the effect of health emergencies in general is poorly 

explored in international literature. Some studies though were being conducted; for instance, 

in 2008 Wong has shown the effect of the SARS epidemic in Hong Kong and founded a 

1.6% general decrease in property prices, highlighting that the absence of price overreaction 

is likely to be related to housing market characteristics [17]. 

On 9th March 2020, Italian government imposed a “lockdown” all over the country in the 

attempt to stop the spread of the virus. After two months of lockdown more or less, and after 

further two months of gradual recovery of production and work activities, the pandemic’s 

economic effects begin to appear in all their intensity. Something that is undeniable and well 

documented is a drop in the number of real estate transactions, still the corresponding drop 

in prices that one may expect is not a certainty. 

Homeowners experience a dramatic loss of real estate capital, a significant economic shock 

to the local and regional economy, negative health impacts, and in many cases, forced 

evacuation and relocation during periods of decontamination and disinfection [18]. 

A major consequence of the aforementioned restrictive measures is a change in the 

perception of the efficient use of space that may have an impact on the demand for existing 

and new real estate assets [19]. In addition, people started to experience homeworking at a 
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worldwide scale [20]. This inevitably led to a different conception of the house spaces, with 

lots of families suffering for the lack of space necessary for working from home. Especially 

the households expecting to work from home even for a few days per week started looking 

for property outside downtown, having incentives in buying bigger houses at lower prices 

per square meter. 

As a matter of fact, Liu and Su have shown how housing demand shifted away from high 

population density areas [21]. The decreased demand for density is mostly driven by the 

dwindling need for living close to work. Another factor is the diminished attraction of local 

amenities, gym for instance. The following graphs extracted from Liu and Su paper in 2021 

pictures the diminishing rates over time for gym and other point of interest overall. 

          

 

Figure 2 – Visitor traffic to Point-of-Interest by Type and distance to downtown [21] 
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In Italy, for instance, the housing market data collected by the Real Estate Market 

Observatory of the Italian Revenue Agency (“Agenzia delle Entrate”) shows, for the year 

2019, as regards the entire regional territory, a decrease in the average property prices for 

main cities (0.6%) and stationary data for the rest of the provinces [22]. 

 

1.1.4 The impact of internet broadband on real estate market 

Nowadays, broadband technology has revolutionized the way services are delivered and how 

people go about their everyday lives. High-speed Internet, or broadband, provides users with 

highest quality internet services, such as videoconferencing, and performing a variety of 

everyday tasks from the comfort of their own homes. Worldwide, policy makers discuss 

many proposals that would increase the deployment of faster household Internet speed, being 

aware of its increasing demand. 

For instance, the current Italian strategy “Verso la Gigabit Society”, approved on 25th May 

2021 by the Comitato Internministeriale per la Transizione Digitale (CITD), tempts to 

achieve the coverage of the entire national territory with 1 Gbit/s connectivity by 2026 end 

of year [23]. 

Numerous academics tried to study the household benefits from broadband as an influencing 

factor on the value of residential real estate. 

Conley et al. investigated in 2020 the impact of broadband availability on rural households 

by carrying out a hedonic price model in two US rural counties, finding out no measurable 

premium exists for broadband access across these counties. Nevertheless, they highlighted 

that a premium may exist in other rural areas depending on individual county settings as well 

as a lack of inclusion of mobile broadband connections that could play a role in the lack of 

impact seen for traditional wireline access [24]. 

Conversely, Molnar et al. showed that homes in neighbourhoods with access to relatively 

higher speeds will have higher transaction prices. However, it looks like rural residents are 
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unwilling to pay a larger premium than urban residents for faster Internet access [25]. 

Nevertheless, they used data from 2011 to 2014 and even though it may be reasonable to 

think that people choosing to live in rural areas are less interested in staying connected to 

the world, one may expect that this finding is no longer valid in more recent times, especially 

after the spread of Covid-19. The latter expectation might be justified by the changes that 

society is experiencing in the way of living (labour and homeworking, education and e-

learning, shopping and e-commerce and so on). 
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1.2 Hedonic price model: a review 

1.2.1 Theoretic definition and main assumptions 

The term “hedonic” derives from the Greek word hedonikos {εδονικοσ} (“pleasure”), and 

this model posits that goods are typically sold as a bundle of inherent attributes and their 

price is a summation of all marginal implicit prices [9]. Originally introduced by the pioneer 

Court in 1939 [26], and further developed by Rosen and Griliches soon after, it was widely 

adopted throughout the XX and XXI centuries for capturing quality changes using multiple 

regression, being defined by Hulten (2003) as the “[…] most intellectually satisfying of the 

various quality-adjustment methods because it appeals to an underlying economic structure 

rather than opportunistic proxies” [27]. 

Hedonic price models have spread to study quality changes of inherent attributes in goods 

such as automobiles [28] and other multicomponent products, like smartphones [29]. In this 

sense, real estate market is no different. 

Recall what has been said about the way to analyse critically the attributes constituting the 

final worth of a house, seen as a bundle of the inherent constituents. For such a reason, a 

wide number of scholars have chosen the hedonic price model to deal with it. 

Hedonic price models allow researchers to estimate the individual effect of each housing 

factor, ceteris paribus [1], as market price is seen as a function of each tangible and 

intangible building characteristic and other outside influencing factors [30]. As stated, 

hedonic analysis is performed to uncover the value of a particular attribute and such analysis 

is successful to the extent that it isolates the magnitude of this suspected cause and effect 

relationship. To the extent that undesired variation in houses value can be controlled, a more 

accurate measure of this relation is possible [31]. 

However, when one is to adopt a model, there are main assumptions that must hold true for 

exploiting its benefit with statistical significance, and the hedonic model is no exception. 

The main assumptions are: 



CHAPTER 1  Literature review 

14 

 Perfect competition: this underpinning assumption is justified considering there are 

many buyers and many sellers, and practically nobody can actually influence the 

price, given that a single unit constitutes a quite negligible portion of the market [1]. 

 Perfect information: although it is conceivable that perfect knowledge is 

unachievable in reality, in real estate market it seems at least quite reasonable, as 

consumers and sellers can acquire most of the relevant information from brokers, 

newspapers (media in general) and, above all, real estate agents [1]. 

 No market segmentation: this assumption can be considered satisfied if and only if 

the geographical definition is properly defined. A too broad one is surely an improper 

aggregation, whilst a too narrow one may lead to imprecise and biased estimates [1]. 

One must therefore deal with it depending on the geographical location of empirical 

data. This work has its foundations in the Piedmont region, and the way in which it 

faces the market segmentation problem is widely explained in chapter 1.3. 

 Market equilibrium: although to have a price vector adjusting instantaneously to 

changes in either supply or demand is unachievable in reality, real estate market is 

among the most stable markets existing, with theoretical demand and supply 

functions that only rarely change significantly over time [9]. 

 Homogenous good: to say housing market is homogeneous is a very strong 

assumption. As a matter of fact, in chapter 1.1.1 the exact opposite was asserted, that 

is properties are heterogenous goods. What can be thought as homogenous are the 

inherent attributes instead. Given that technology is not much different in property 

joint production, hedonic prices of housing characteristics vary with the quantity of 

characteristics. 

 No interrelationship between attributes: this assumption cannot be met, generally 

speaking. One can only address the problem by putting so much effort in the attribute 
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selection and paying a lot of attention to their correlation, something that is a must 

anyway when dealing with statistical experimentation [32]. 

In the light of the previous assumptions, literature agrees now that hedonic price model is 

not as generally applicable as it was thought, rather you need to use a lot of caution in 

applying such a model [33]. 

 

1.2.2 Choice of functional form and variables in hedonic models 

When deriving the model of a hedonic price function, two main aspects are to be considered: 

the list of explanatory variables and the choice of the functional form. 

Regarding functional form, researchers have found little basis for choosing one form over 

the other. Since the early adoptions of the model, scholars have chosen the functional form 

simply empirically. In short, though you can find theoretical support for a functional form 

that incorporates at least some interactions among the various characteristics of housing, 

empirical experience suggests that most of the feasible approximations to the correct form 

are close substitutes [34]. Taking Rose, for instance, he does not define a priori a functional 

form for the relationship between good/commodity and its attributes, he rather uses the 

goodness-of-fit criterion. 

The functional form of the hedonic regression equation can either be linear, semi-log, or log-

log form. Most common is the semi-logarithmic form which has the advantage that the 

coefficient estimates are proportions of the price that are directly attributable to the 

respective characteristic [35]. On the other hand, the main advantage of the log-log form is 

that the regression equation estimates elasticities with respect to each characteristic. In 

addition, using logs of the dependent variable you also incorporate the prices non-negativity, 

remembering to pay attention to the normality assumption. 

In practice, in real estate sector the linear model is often preferred, given the obvious 

advantage of directly estimating monetary values of housing characteristics [36]. 
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With respect to the attribute’s selection, Richard Butler well expressed how a 

misspecification is practically unavoidable, still significant estimates can be produced 

nonetheless: 

“Since price depends on its attributes, hedonic model generally suffers a lot in 

misspecification of variables (over-specification when including something irrelevant, 

under-specification when not including something worthy). However, to some extent (large 

or small as it may be), all hedonic models are misspecified, so it is just sufficient to include 

a small number of key variables, choosing among the ones that are costly to produce and 

yield the highest utility […]” [34] 

More importantly, Butler works suggests that the biases deriving from independent variable 

exclusion is small in practice. Therefore, biased as they may be, estimates are generally not 

invalidated by the inevitable misspecification of independent variable set. 

It logically follows that the list of independent variables should be limited to housing 

characteristics, to be chosen among the four aforementioned groups (locational, structural 

and neighbourhood services and quality) or a mathematical transformation thereof. 

Including, for example, demander characteristics such as income is a clear misspecification 

and the same stands for buyer’s [37]. 

Furthermore, the intrinsic clustering of characteristic combinations into a relatively low 

number of configurations leads to multicollinearity in estimates when including a generous 

number of relevant variables, meaning that any estimate of the hedonic relationship must 

omit some of the relevant variables. 

To conclude, urban economic theory suggests that the function should include some land 

values that depend on location, to make sure to properly incorporate the spatial aspect. 
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1.3 Hedonic price method in Italian market 

1.3.1 Relevant findings in Italian real estate market 

Hedonic prices methods have been widely adopted by Italian researchers to study the effect 

of housing characteristics in the Italian real estate market. Different scholars have studied 

the price premium of energy efficient buildings through hedonic models, like Bottero et al 

[7], already mentioned in chapter 1.1.1, and Bisello et al in 2019 [38], as well as the urban 

improvement impact on housing values by Rosato et al in Venice [39]. 

The most important features emerging from the researcher’s methodologies can be 

summarized in: 

1. Papers whose area of study is limited to a region, city province or even a single city, 

are preferred and more reliable. Expanding to a larger geographical zone is 

sometimes accepted only when trying to overcome the little dynamism in terms of 

number of trades characterizing the Italian market. 

2. The effect of location has a major influence (this is valid everywhere) on housing 

price. Intuitively, along with the square meters, it is the only housing characteristic 

that is never going to change over time (remember the spatial fixity) [40]. Hence, 

one must evaluate it carefully since location cannot be change after the deal is 

concluded and it will always remain so. 

With point 1 above, I aim to justify my choice of restricting my analysis to a very specific 

region. 

Regarding point 2, scholars have adopted very sophisticated statistical and econometric 

models, the so-called “spatial models”. However, if a country is properly segmented and 

divided in zones so that each one may well correspond to a sub-market, then a way simpler 

adaptation of the model can be considered: the use of binary variables to identify the various 

real estate sub-markets that exist in a given territory [40]. Indeed, Bourassa et al show that 

the gain in terms of correctness and accuracy that is derived from the inclusion in a standard 
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hedonic model of binary variables that refer to the various sub-markets is not inferior to the 

gain which is derived from the use of spatial methods [41].  

Luckily, in Italy there are the OMI zones. 

 

1.3.2 The OMI zones in Italy 

The OMI of the Italian Revenue Agency (“Agenzia delle Entrate”), standing for 

Osservatorio del Mercato Immobiliare, is a database that allows to consult data on the real 

estate quotations and leases throughout the national territory. 

The entire country is segmented in the so-called OMI zones, defining homogeneous sectors 

of the local real estate market of a particular city, in which there is a substantial uniformity 

of appreciation for economic and socio-environmental conditions.  

The key process of the OMI is the definition of the OMI zones, which are meant to be 

homogeneous market areas. 

It segments the market based on positional characteristics, assuming that they prevail clearly 

in the definition of real estate values. This criterion mainly derives from the scarce 

availability of complete information on all the property characteristics. 

The main groups are: 

 Central (code B): identifies that portion of the municipal territory that coincides with 

the urban center of the municipality itself. 

 Semi-Central (code C): identifies that portion of the municipal territory that is in a 

position immediately adjacent to the urban center. 

 Outskirt (code D): identifies that portion of the municipal territory which is 

contiguous to the central or semi-central sections. 

 Suburban (code E): identifies that portion of the municipal territory that contains the 

urbanized areas that are separated from the urban agglomeration of the municipality 

by an undeveloped area, by a natural or artificial barrier. 
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 Extra urban (code R): identifies the remaining part of the municipal territory not 

included in the previous sections and it is delimited by the administrative boundary 

of the municipality; it is therefore a residual section. 

Each section is then divided into numbered homogeneous zones that present uniformity in 

qualitative characteristics. Below the map of Turin as example. 

 

Figure 3 – OMI zones in Turin 

The OMI zone, therefore, identifies a real estate submarket, and it can distinguish between 

different locations in the sense that two similar dwellings, with respect to characteristics, 

could have very different prices due to the fact that they belong to two different OMI zones. 

Consequently, considering binary variables, each one referring to a specific OMI zones of 

the geographical region of interest, it grasps the effect that the location of the property in a 

particular real estate submarket (that is, an OMI zone) has on its overall house price, simply 
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by including such binary variables in a standard hedonic model, as if they were further 

housing characteristics [40]. 

If an OMI zone identifies a particular sub-market, then by aggregating more OMI zones, an 

extended real estate market is built, with higher dynamism (a considerable increase in the 

number of observations) and, therefore, a net increase in the degrees of freedom of the 

regression model, with a consequent increase in the economic reliability and statistical 

significance. 

An important attention point, however: obviously, the dummy variables that identify more 

than one category must be interpreted with respect to the category chosen as a reference. It 

is therefore necessary to subjectively define the reference OMI zone (it does not affect the 

results at all) and, once the regression model is estimated, the interpretation of the results 

obtained for an OMI zone, must be viewed with respect to the reference zone. Lisi et al 

explained this point very well in 2020, saying that when interpreting the result of one of 

these binary variables, you must answer the following question: “How does the price change 

when considering a home location in an OMI zone that is different from the reference zone?” 

[40]. Of course, the difference in the model accuracy and significance when including such 

kind of variables strongly relies in the quality of the clusters offered by the OMI zones. 
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CHAPTER 2 

 

Hypothesis and related models 

 

2.1 Hypothesis 1 

The thesis investigates the impact of the internet connectivity on a real estate unit. As 

discussed in Chapter 1, there is no evidence in Italy about the effect of a good internet 

infrastructure on house prices. In addition, there is even less evidence about such an effect 

when it comes to the mobile connectivity. 

My first hypothesis H1 is: 

“The price of a real estate unit is positively influenced by both the quality of the broadband 

technology coverage and the quality of the mobile connectivity, holding all the other 

attributes constant” 

If a scholar builds an index representing the internet quality, taking into account both homes 

broadband and mobile connectivity, while controlling for all the relevant attributes, then 

such an effect can be measured. The hedonic price model is perfect for doing such a job; 

therefore, I adopted the following model for testing H1: 

𝑉𝑎𝑙𝑢𝑒 = 𝛽଴ + 𝛽ଵ𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘ + ෍ 𝛽ௌ,௞𝑆௞

௄

௞ୀଵ
+ ෍ 𝛽ேொ,௜𝑁𝑄௜

ூ

௜ୀଵ
+ ෍ 𝛽ேௌ,௝𝑁𝑆௝

௃

௝ୀଵ
+ ෍ 𝛽௅,௠𝐿௠

ெ

௠ୀଵ
 

(2. 1) 

where 𝑆௞ is the k-th structural attribute, 𝑁𝑄௜ is the i-th neighbourhood quality attribute, 𝑁𝑆௝ 

is the j-th neighbourhood services attribute and 𝐿௠ is the m-th locational attribute. In 

equation (2. 1), I expressed the control variables in different terms in the attempt of 

emphasizing the importance of including factors for each main attribute category, for a 
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framework meant to model the real estate market would probably not be capable of isolating 

the effect of a single factor otherwise. 

 

2.2 Hypothesis 2 

The reviewed literature is suggesting that real estate market should have suffered a shock 

owing to the pandemic, same as the general economy. But not only general economy was 

impacted: people are changing their way of living. Given that the number of tasks being 

performed from home with a good connection is increasing and that the time spent at home 

is increasing as well, having a good internet connection should have even more relevance 

nowadays. For instance, a survey conducted in the city of Naples in 2021 states that, among 

the respondent “[…] 35.1% would like a better internet connection (an element that proved 

even more fundamental during isolation) […]” [42]. 

My second hypothesis H2 is therefore: 

“The price of a real estate unit suffered a negative shock due to the spread of Covid-19 

disease, that is positively moderated by both the quality of the broadband technology 

coverage and the quality of the mobile connectivity, holding all the other attributes constant” 

To test H2, one should firstly prove H1 and then use the same index for the internet quality 

along with its interaction with variable modelling the Covid-19 effect. The model for proving 

H2 true is therefore the following: 

𝑉𝑎𝑙𝑢𝑒 = 𝛽଴ + 𝛽ଵ𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘ + 𝛽ଶ𝐶𝑜𝑣𝑖𝑑 𝑒𝑓𝑓𝑒𝑐𝑡 + 𝛽ଷ𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘𝐶𝑜𝑣𝑖𝑑 𝑒𝑓𝑓𝑒𝑐𝑡 + 

+ ෍ 𝛽ௌ,௞𝑆௞

௄

௞ୀଵ
+ ෍ 𝛽ேொ,௜𝑁𝑄௜

ூ

௜ୀଵ
+ ෍ 𝛽ேௌ,௝𝑁𝑆௝

௃

௝ୀଵ
+ ෍ 𝛽௅,௠𝐿௠

ெ

௠ୀଵ
 

(2. 2) 
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CHAPTER 3 

 

Research sample 

 

3.1 Data collection and statistics 

3.1.1 Composition of the sample and sources 

The research sample is mostly based on a dataset gently provided by Italian Revenue Agency 

of real estate transactions that took place between the beginning of 2018 and the first half of 

2021 in the province of Turin [43], reporting the transaction value along with a wide set of 

attributes of the building, including locational attributes, neighbourhood’s, and structural 

characteristics. Using the reference year and month of the transactions, it is possible to 

virtually split the dataset in transaction pre-Covid and post-Covid. 

Moreover, I looked up for some sort of proxy for the quality of the internet connection. Using 

the open-source data available at AGCOM website (“Agenzia per le Garanzie nelle 

Comunicazioni”), I was able to find the internet coverage for each city in the province of 

Turin present in the aforementioned dataset [44]. 

Specifically, for deriving an internet quality score for each city I used the number of homes 

covered by ADSL, the number of homes covered by FTTC (Fibre To The Cabinet), and the 

number of homes covered by FTTH (Fibre To The Home), with respect to the total number 

of homes inspected PF1 (more on that on chapter 3.2.1). Moreover, in the attempt of 

including the mobile broadband connection, I collected data about average download/upload 
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speed, number of providers and average latency for each city, using the OPENSIGNAL 

mobile application [45]. 

 

3.1.2 Sample statistics 

The dataset is composed by 7.499 transactions, ranging from the 1st semester of 2018 to the 

1st semester of 2021, across 45 cities (Turin included). The stack chart below shows the 

number of transactions per city pre- and post-Covid. 

Overall, there are 6.021 transactions pre-Covid (taking July 2020 as watershed) and 1.478 

post-Covid. The sample presents some missing values for the variables of interest and, 

hence, the number of transactions taken in consideration will be lower.  

 

Figure 4 – Sample stat: Number of transactions per city 

In the figure above, you can observe there are indeed cities with a dramatically low number 

of transactions, both pre- and (especially) post-Covid. 
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These cities (from Castellamonte upwards) have been excluded from the analysis, for they 

are not statistically significant. 

With respect to the internet quality, the map below shows the cities coloured within a scale 

from light yellow to red, with increasing internet score (more on score computation on 

paragraph 3.2.1).  

 

Figure 5 – Sample stat: Internet score map 

With respect to the transaction value magnitude, the line chart below shows the average and 

the minimum value over time (by month). The vertical orange line (right on March 2020) is 

meant to divide pre- and post-Covid trends (still, remember I will use July as watershed). 

 

Figure 6 – Sample stat: Transaction value over time 
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As observable, there is no obvious downward trend. Data is telling us that, at least 

graphically, neither the average nor the minimum transaction values suffered a dramatic 

decrease after the spread of the Covid-19 disease. 

In conclusion, experts from Italian Revenue Agency confirmed that the sample provided is 

complete with exclusion of only commercial, productive and services typologies. Hence, it 

is acceptable to assume that the sample for the real estate market segment of interest is 

random and complete. 

In addition, they highlighted that each transaction refers to economic and/or notary 

agreements stipulated averagely a few months ago before the actual transaction date, thus 

confirming that selecting July 2020 as transition date for pre- and post-Covid is reasonable. 
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3.2 Variables description 

3.2.1 Dependent and explanatory variables 

As dependent variable I selected the transaction value, which represents the transaction price 

incurred when purchasing the property. Since the sample distribution was skewed and too 

far from normality, I transformed the value using the natural logarithm, and, as a matter of 

fact, it worked better statistically wise. Moreover, to adjust for inflation, I considered the 

yearly average Italian inflation indexes FOI1 computed by ISTAT for the years 2021, 2020 

and 2019 and considered 2018 as reference year for prices. In conclusion: 

𝑉𝑎𝑙𝑢𝑒 = ln൫𝑃𝑟𝑖𝑐𝑒௔ௗ௝௨௦௧௘ௗ൯ 

where 𝑃𝑟𝑖𝑐𝑒௔ௗ௝௨௦௧௘ௗ = ൞

𝑃𝑟𝑖𝑐𝑒 (1 + 𝐹𝑂𝐼ଶ଴ଶଵ)(1 + 𝐹𝑂𝐼ଶ଴ଶ଴)(1 + 𝐹𝑂𝐼ଶ଴ଵଽ)    if occurred in 2021

𝑃𝑟𝑖𝑐𝑒 (1 + 𝐹𝑂𝐼ଶ଴ଶ଴)(1 + 𝐹𝑂𝐼ଶ଴ଵଽ)                              if occurred in 2020

𝑃𝑟𝑖𝑐𝑒 (1 + 𝐹𝑂𝐼ଶ଴ଵଽ)                                                         if occurred in 2019
𝑃𝑟𝑖𝑐𝑒                                                                                                     otherwise

 

(3. 1) 

Empirically, it does not change a lot, but the results acquire more economic relevance. 

In literature, there is a huge adoption of this variable since the underlying goal is to determine 

the correlation between building characteristics and the transaction price and, ultimately, to 

measure the influencing of those attributes on the overall transaction price. 

As explanatory variables, I used Internet score, Covid effect and their interaction, called 

Moderator. Internet score is a time-independent index empirically built that should reflect 

the average goodness of the city broadband and mobile connectivity infrastructures, and for 

the city c it has been computed as follow: 

𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘,௖ = ⍺ 𝐻𝑜𝑚𝑒௦௖௢௥௘,௖ + (1 − ⍺)  𝑀𝑜𝑏௦௖௢௥௘,௖ 

where 𝐻𝑜𝑚𝑒௦௖௢௥௘,௖ =
𝐴𝐷𝑆𝐿௖ + 𝐹𝑇𝑇𝐶௖ + 𝐹𝑇𝑇𝐻௖

𝑃𝐹1௖
  and 𝑀𝑜𝑏௦௖௢௥௘,௖ = ෍ 𝑋௜,௖

ଷ

௜ୀଵ
   𝑤ℎ𝑒𝑟𝑒   𝑋௜,௖ =

𝑥௜,௖ − 𝑋௠௜௡,௜

𝑋௠௔௫,௜ − 𝑋௠௜௡,௜
 

(3. 2) 

 
1 The FOI index is known by the economists as the Consumer Price Index, and it is based on a basket of goods 
and services representing the consumption of the average Italian family and it is widely adopted for prices 
adjustments, such as house rental prices.  
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where 𝐴𝐷𝑆𝐿௖ , 𝐹𝑇𝑇𝐶௖ , 𝐹𝑇𝑇𝐻௖ are the number of homes covered by ASDL, Fiber To The 

Cabinet and Fiber To The Home technologies in the city c respectively and 𝑃𝐹1௖  is the 

number of total homes inspected in the city c, whilst 𝑋ଵ,௖, 𝑋ଶ,௖ and 𝑋ଷ,௖ are the normalized 

average download speed, upload speed and latency of the mobile connectivity of city c. 

Intuitively, both 𝐻𝑜𝑚𝑒௦௖௢௥௘,௖ and 𝑀𝑜𝑏௦௖௢௥௘,௖ are continuous variables within the domain 

[0,3], and so it is their weighted average 𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘,௖. The weight α has been put equal 

to 0.5. 

The Covid effect is meant to measure the effect (if any), ceteris paribus, on the house price 

as a shock suffered by the real estate market after the spread of the pandemic. For this sake, 

it was computed as follow: 

𝐶𝑜𝑣𝑖𝑑 𝑒𝑓𝑓𝑒𝑐𝑡 = ቄ
 1       if transaction occured after July 2020              
 0      otherwise                                                                    

 

(3. 3) 

I have chosen July 2020 as watershed because it is reasonable to assume that the shock did 

not begin to manifest before a couple of months after the first lockdown imposed by the 

Italian government. 

Regarding the interaction, it was simply computed as the Internet score times the Covid 

effect. 

 

3.2.2 Control variables 

Among the ones available in the dataset, I selected the following measures as control 

variables: 

 Structural: Surface[m2], Age, Lift_dummy, Bath_no and Maintenance; 

 Neighbourhood quality: Neighbourhood; 

 Neighbourhood services: Services; 

 Locational: Transports and Distance (from city centre). 
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Including the surface area is pretty much obvious considering the choice of the dependent 

variable (value instead of value by square meter). I used the natural logarithm transformation 

because it exhibits a distribution closer to the normality. In appendix (Figure 25 and Figure 

26), density plots about both surface and its logarithm are presented. Moreover, I also tested 

whether the relationship between surface and value could be quadratic (assuming that the 

same percentage increase at a high level of surface values would imply a higher percentage 

increase on value compared to the same increase for low level of surface). This provided 

better results (along with logarithmic transformation), hence: 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 = (ln(𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑟𝑓𝑎𝑐𝑒))ଶ 

(3. 4) 

I have chosen Age as a control variable since a correlation with property value has been 

shown practically in all hedonic work in literature. I calculated Age as the difference between 

the transaction and construction year (data available in the dataset), then I operationalized 

Age as its natural logarithm, because it resulted a little bit skewed and it provided better 

results (same as surface). Again, density plots are shown in appendix (Figure 27 and Figure 

28). 

In the dataset the number of lifts of the fabricate was available, still I have included it in the 

model as a dummy control variable, Lift_dummy, calculated as follow: 

𝐿𝑖𝑓𝑡_𝑑𝑢𝑚𝑚𝑦 = ቄ
 1       if at least one lift is available for the fabricate
 0      otherwise                                                                    

 

(3. 5) 

Bathroom number Bath_no was included as control variable for the same reason as Age, and 

it is simply the number of bathrooms in the house. It is important to include also this variable 

as proxy of the building size since, even though it usually correlated with the surface, one 

may expect that it may have a positive impact on the consumer preference (holding constant 

the house surface). 
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The last structural attribute is Maintenance, and it is a qualitative score from 1 to 3, serving 

as a proxy of the overall health level of the building, where:  

൝

1 → poor      
2 → normal 
3 → optimal

 

(3. 6) 

The assessment of the maintenance level of the building considers the state of the ceilings, 

the internal fixtures, the walls and floors coatings, the electrical, heating, sewage and 

plumbing systems and the burglar alarm (if any). Quite intuitively, this has been treated as a 

categorical variable (and not as an integer). 

The categorical variable Neighbourhood accounts for the neighbourhood quality of the house 

in terms of several factors such as crime rate and pollution. The score is again on scale of 

equation (3. 6) and it is not house-specific: instead, the Italian Revenue Agency calculated 

this index for each OMI zone and then extended the score to each transaction accordingly. 

If one believes in the sectorization done by the agency and considering that the 

neighbourhood quality is not the main core of this thesis, then this variable alone is enough 

as neighbourhood quality attribute. 

Regarding the services, I used Services categorical variable available in the dataset, 

accounting for proximity to local amenities (schools, banks, pharmacies, post offices, 

hospitals…). The raw data was in a descending scale. For an easier interpretation, I re-

arranged data on the following scale2: 

൝
1 → close      
2 → afar        
3 → absent   

 

(3. 7) 

No further transformation was performed on the variable. 

I used the categorical variable Transports to control for the locational attributes (fixed). 

 
2 Please note that the indication of close/afar/absent is measured according to the local reality. For instance, for 
an urban area with relatively high dimensions, a radius of 300-400 meters is considered as close. 
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For assigning the score, Italian Revenue Agency detected the presence of bus, tram, and 

subway stops nearby. In this case as well, the raw data related to the variable Transports was 

in a qualitative descending scale, and therefore I re-arranged data following the scale (3. 7) 

with no additional transformation on the variable. 

Finally, using the OMI zone classification I computed the variable Distance which accounts 

for the distance from the city centre as follow: 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = ቄ
 1      if OMI Zone is not in B∗ or C∗

 0      otherwise                                    
 

(3. 8) 

that is a dummy variable activating for outskirts, suburban and extra-urban areas. This one 

falls too under the fixed locational attributes. 

Unfortunately, other locational variables present in the dataset that may accounts for relative 

locational attributes such as view quality were nonetheless excluded from the model since 

they exhibited to many missing values and, therefore, they would have compromised the 

regression analysis. 
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CHAPTER 4 

 

Analysis and results 

 

4.1 Preliminary considerations 

4.1.1 Descriptive statistics 

The correlations of the variables included in the models are presented in the correlation 

matrix in appendix (Figure 29). The only relevant correlation is the one between the number 

of bathrooms and surface of the real estate unit. With a correlation of 66%, which was quite 

expectable, it is still worth to include both as they could capture size-related consumer 

preferences in a different fashion. No other correlations reached warning levels. As for other 

descriptive statistics, you can find below the frequencies of the involved dummy variables 

(Figure 7, Figure 8 and Figure 9) and a table with means and standard deviations for the 

continuous and for categorical ones (Figure 10 and Figure 11). 

 

Figure 7 – Lift availability dummy variable frequencies 

 

 

Figure 8 – Distance from city center dummy variable frequencies 
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As observable, dataset is well distributed between transactions for homes in the city centers 

(and semi-central) and transactions for homes in suburban and extra-urban areas. 

Unfortunately, the number of post-covid transactions is quite less than the pre-covid 

transactions. Notwithstanding, 1.448 observations are enough for providing statistically 

relevant results. 

 

Figure 9 – Covid dummy variable frequencies 

The statistics for the Internet Score show a mean close to the maximum value observed. Still 

there is a relevant variability and therefore the index is not compromised. 

The average Surface is quite reasonable if you think of the average home size in Turin and 

its province. The same stands for the Age and Bath_no. Nonetheless, their maximum values 

suggest there is room for outliers identification. 

 

Figure 10 – Descriptive statistics for continuous variables 

Categorical variables descriptive statistics are shown below. 

 

Figure 11 – Descriptive statistics for categorical variables 

The dependent variable Value shows a reasonable mean with a relatively large standard 

deviation. The Figure 12 also presents the percentiles, providing a clear picture of the sample 

distribution. In this case as well descriptive statistics suggest that an outlier identification 

process should be executed. 



CHAPTER 4  Analysis and results 

34 

 

Figure 12 – Descriptive statistics of Value 

 

4.1.2 Outliers identification process 

Before performing the regression analysis, I have looked for potential outliers, as it is well 

known in literature that OLS is dramatically sensible to outliers. Starting from the insights 

provided by descriptive statistics, I used Box Plot instrument to get a detailed view for 

Surface and Age. Instead of analysing Value independently, I found it more reasonable to 

analyse the joint Value by square meters. 

Box plots for Surface and Age confirmed the presence of actual outliers. To avoid 

compromising the randomness of the sample, I cautiously removed only observations 

presenting at the same time a surface greater than 350 m2 and aging over 100 years. 

Residential units falling in this range can be thought as “big historical buildings” and they 

could therefore be considered as belonging to a different market segment. 

 

Figure 13 - Box Plot for Surface 
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Figure 14 – Box Plot for Age 

As for the value by square meter, I dropped the following: 𝑉𝑎𝑙𝑢𝑒/𝑚ଶ < 520€/𝑚ଶ or 

𝑉𝑎𝑙𝑢𝑒/𝑚ଶ ≥ 3.450€/𝑚ଶ. 

I considered observations with a value under the lower thresholds as outliers, classifying 

them as extraordinary cheap transactions, even though they are not highlighted statistically 

by the box plot (this is due to the high skewness caused by the huge number of observations 

in the right tail). 

Moreover, looking at web data available at Immobiliare.it for real estate average quotations 

[46], this look quite reasonable since no city in our dataset is showing an average price below 

900 €/m2 (Figure 16). 

For similar reasons, observations above the high threshold have been dropped as extremely 

expensive transactions. This time the box plot in Figure 15 supports the chosen upper bound; 

moreover, if you look at real estate quotations of Italian Revenue Agency, whatever the year, 

only historical buildings in Turin centre with optimum status of conservations and other 

peculiarities reached that price level. 
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Figure 15 – Box Plot for Value by square meter 

 
 

 
Figure 16 - Quotation map (Province of Turin) from Immobiliare.it 
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4.2 Results and comments 

4.2.1 Empiric results and robustness checks 

Table below summarizes regression results on the real estate unit value (in logarithm). 

 

Figure 17 – Regression results 

Model 0 – Base Model is meant to test H1, while Model 1 – Full Model is meant to test H2.  
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From Figure 17, it is evident that all estimates share a high significance level. The only 

estimate not reaching at least the 95% significance is the 1st level of Services. Moreover, all 

regression coefficients’ signs are coherent with literature (see Figure 1). 

However, before jumping to conclusions, I performed several sensitivity and robustness 

checks. First, I regressed the Base and the Full model on the same set of variables, changing 

Internet_score computation. Specifically, I computed the weighted average with α=0.55 

(Model 3 and Model 4) and with α=0.6 (Model 5 and Model 6) to put a bit more importance 

on the home score, for testing how it would change the results. Specifically, I aimed to detect 

whether control variables remain stable and whether the explanatory variables maintain their 

sign and significance level. Results are present in appendix (Figure 30) and they confirmed 

that both the Base and Full models are stable, at least when varying Internet_score 

computation. As a matter of fact, all signs and significance levels are the same and all 

regression coefficients show values very close to the ones of Figure 17. 

The major robustness check performed is the Jarque-Bera normality test on residuals [47]. 

This is a 𝜒ଶ test meant to assess whether residuals are distributed as ∽ 𝒩(0,1). In Figure 

18, the results of the tests conducted over all the six models are shown. 

Jarque-Bera residual 
normality test 

χ2 p-value 

Model 1 5,489 0,0643 

Model 2 5,049 0,0801 

Model 3 6,076 0,0479 

Model 4 5,912 0,0520 

Model 5 7,494 0,0236 

Model 6 7,624 0,0221 

Reject normality if p-value < 0,05 

Figure 18 – Jarque-Bera residual normality test 

Model 3, Model 5 and Model 6 failed to pass the test. For the others, the hypothesis of 

residuals being distributed as ∽ 𝒩(0,1) cannot be rejected. Hence, I kept Model 1 and 

Model 2 as reference models for checking H1 and H2 and, therefore, the comments will be 
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based on their regression coefficients. The residual density plots in Figure 19 and Figure 20 

provide a graphical idea of how good the two chosen models predict the dataset. 

 

Figure 19 – Residual density plot of Base Model 

 

 

Figure 20 – Residual density plot of Full Model 

 

4.2.2 Comments 

As stated, comments are based on Model 0 and Model 1. Considering regression results, 

sensitivity analysis and the conducted robustness check, I consider both H1 and H2 proven. 

Looking in deep at estimation coefficients, they exhibit reasonable values. Figure 21 

contains all the general comments. 
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Attribute 

Category 
Variable Impact Significant Comments 

Structural Surface + Yes 
Positive impact on price. A 10.9% increase on value 
for a quadratic percentage unit increase of the floor 
area 

Structural Age - Yes As the building gets 1% older, the value decreases by 
5.8% 

Structural Lift_dummy + Yes The presence of a lift generally increases value by 
16.7% 

Structural Bath_no + Yes An additional bathroom in the unit (holding constant 
the floor area) increases its value by 14.7% 

Structural Maintenance + Yes 

Having a normal maintenance level increases 
property value by 16.9%. The same increase does not 
stand when passing from normal to optimal, 
obtaining an extra increase by only 26.4 - 16.9 = 
9.5% 

Neighbourhood 

quality 
Neighbourhood + Yes 

A qualitative normal neighborhood makes a 19% 
increase in value. Moreover, consumers are willing to 
pay an extra-premium (more than linear) for superior 
quality, with a 43.7% increase from poor to optimal 

Neighbourhood 

services 
Services + Partially 

The coefficient for the absent→afar transition did not 
prove itself significant, whilst passing from afar to 
close significantly increase the value by 14.5%. This 
could be due to consumers perceiving the positive 
effect of local amenities proximity only when they 
are very close 

Locational Transports + Yes 
When transport services are present, consumers are 
willing to pay a 20% premium. The premium is very 
similar (surprisingly even a bit inferior) when passing 
from absent to very close 

Locational OMI distance - Yes Being located away from the city center decreases 
property value by 8.5% 

Explanatory Internet Score + Yes Each 1 point of score of the Internet index accounts 
for a 5.8% increase in the property value 

Explanatory Covid_dummy - Yes 
A real estate unit without internet connection and 
placed in a zone without mobile connectivity 
(Internet Score = 0) would ideally suffer a 15.5% 
decrease in price 

Explanatory Moderator + Yes The negative Covid effect is mitigated by the internet 
connection quality 

Figure 21 – Comments on estimation coefficients 

The results for the explanatory variables reveal what I have postulated. The internet 

connection quality has indeed a positive impact on the property value. Furthermore, even 

though real estate market is suffering a decline in prices due to the pandemic, such an effect 
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is mitigated if households can benefit from a good internet connection. Figure 22 shows it 

graphically. 

 

Figure 22 - Post-Covid effect on value by Internet score 

The breakeven point is reached for  𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘ ≈ 1.7. As highlighted in the graph, for a 

house with the average score (𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘ ≈ 2), the price is already above the breakeven 

point, with a net increase of 3.1%, whilst houses with a relatively bad internet connection 

are the ones actually suffering the pandemic effect (for instance, if you go 1 standard 

deviation point below the mean, it is 𝐼𝑛𝑡𝑒𝑟𝑛𝑒𝑡௦௖௢௥௘ ≈ 1.55 and ∆%(𝑉𝑎𝑙𝑢𝑒) = −1.08%). 

An additional fundamental comment is the following: the fact that H2 has been proven true 

gives credibility to the evidence for H1. In fact, one could argue that considering the internet 

index is time invariant and city-related, it may account for the variance of other hidden 

attributes not included in the model which behave like the internet index and are city-related 

too. Nevertheless, when you add the evidence for H2, these alleged hidden factors should 

also interact with the Covid-19 effect in the same way the internet does, thus making their 

existence much less likely. 
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4.2.3 Results excluding Turin 

To assess model validity even further I performed the same regressions (Base Model and 

Full Model) removing Turin from the dataset. Such an analysis would both prove whether 

the results are robust even removing a large portion of the dataset (Turin accounts for roughly 

29% of the observations) and whether the evidence is true for the rest of the Province when 

removing its Central Business District. 

Estimations of Model 7 and Model 8 are reported in appendix on Figure 31. Below the 

evidence: 

 Estimations are in general slightly less significant, but this is very likely to be just 

due to the considerable reduction in the number of observations (and therefore a 

reduction in the degrees of freedom). 

 Almost all control variables show pretty much the same value, meaning their results 

remain valid. The only relevant exception is the Distance, being not significant and 

positive. That could be because in most rural areas the “peripherical negative effect” 

of being distant from the center is outweighed, since rural outskirts do not exhibit the 

common feature of a suburban areas: instead, they are usually places with beautiful 

natural amenities (waterfront, lake, green landscapes, mountains for example), 

closeness to ski centers, quiet surroundings that are indeed positive factors not 

explicitly included in the model. 

 Moderator and the Covid effect show consistent values close to the original ones, 

only with a slightly reduction in significance (they are significant at 10%). On the 

other hand, the Internet Score is not statistically significant, showing a value negative 

and very close to 0. An immediate interpretation of this result could be that in rural 

areas people had not been interested in the quality of their internet connection since 

the Covid-19 has changed their routines. In a practical sense, this actually supports 

the original hypothesis H2. Indeed, if one considers the whole sample, there is a 
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positive a priori effect of the internet quality, increased by the synergy with the 

pandemic; on the other hand, when the investigation is restricted to the rural areas 

this effect is absent before the pandemic, and appears only afterwards. 

 

4.2.4 Limitations and further studies 

From a statistical standpoint, estimates appear to be solid and backed up by reliable 

robustness checks. Nevertheless, there are some limitations to the investigation mainly 

linked to the sample and the explanatory variable. 

 Sample: first, the sample does not cover all cities in the province. If one would like 

to extend the results to an entire geographical segment, data from all entities of that 

segment should be included, to eliminate the risk of mis-extending results to sub-

segments which could potentially have different behaviours instead. In addition, 

considering the chosen watershed for classifying post-Covid data, only eleven 

months are available, compared to the pre-Covid transactions which are covered by 

thirty-one months. Hence, to be sure that the evidence describes a long-lasting 

behaviour instead of just a “flash in the pan”, one could argue that a larger time span 

for post-Covid transaction would be required. 

 Explanatory variable: as stated, the index for the internet connection quality is time 

invariant. It means I was forced to make the strong assumption that the infrastructure 

did not improve significantly over the time window. Even though to extend and to 

strengthen such kind of infrastructures requires considerable time, this is still a 

limitation. Moreover, the index is city-related, and that leads to an even stronger 

assumption. While this may sound reasonable for a very small city, that’s quite 

pretentious for a big one like Turin. Furthermore, shrinking the entity specification 

of the internet index (ideally down to a single house unit) would reduce the risk this 

attribute is actually explaining the variance of other hidden factors. 
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Based on the above considerations, a direct extension of this thesis would be to repeat a 

similar investigation when more post-Covid data is available and to capture the internet 

quality with a more reliable index (built over time, shrank to smaller zones).  

Moreover, it would be interesting to carry out the same type of investigation in other regions 

to prove that the evidence does not reveal a geographical limited phenomenon but rather an 

actual change in consumers preferences.  
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Conclusions 
 
 
The two hypotheses of the thesis cannot be statistically rejected, as estimates have been 

proven to be significant and robust. 

I have shown that, at least in Turin province, the price of a real estate unit is positively 

influenced by both the quality of the broadband technology coverage and the quality of the 

mobile connectivity, holding all the other attributes constant. Although the sample cannot 

be considered representative for the entire national territory, let alone greater geographical 

regions, I believe that this result could be proven true at least in most of the industrialized 

societies. This can be material for future studies. 

I have also shown that in the Turin province, real estate market suffered an apparent decline 

in prices, that is mitigated by both the quality of the broadband technology coverage and the 

quality of the mobile connectivity. After the pandemic, the average house unit in terms of 

internet quality registered an increase in price of a roughly 3%, whilst the ones below the 

average have been left behind, drastically suffering the negative effects due to physical 

isolation and, in general, of spending much more time at home. 

Moreover, I investigated whether this effect is the same when restricting investigation to 

rural areas. The evidence is that if one considers the whole sample there is a positive a priori 

effect of the internet quality, increased by the synergy with the pandemic; on the other hand, 

when the investigation is restricted to the rural areas this effect is absent before the pandemic, 

and appears only afterwards. 

This result has significant economic implication, since it further supports the on-going 

digitalization strategy pursued by the government, which acquires even more relevance for 

a fast economic recovery of the Country. 
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Appendix 
 

 

Figure 23 – Variable plot (Value) 

 
 

 
Figure 24 – Variable plot (Log of Value) 
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Figure 25 – Variable plot (Surface) 

 
 

 
Figure 26 – Variable plot (Log of Surface) 
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Figure 27 – Variable plot (Age) 

 
 

 
Figure 28 – Variable plot (Log of Age) 
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Figure 29 – Correlation Matrix 
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Figure 30 – Regression results for sensitivity analysis 
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Figure 31 - Regression results removing Turin from sample 


