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Abstract 

Smart buildings are self-regulating buildings, where operations are managed 
through smart sensors and meters. Smart buildings are in general more energy ef-
ficient than traditional buildings, and smart solutions can cut energy consumption 
by up to 30 %. Adaptability to internal and external conditions is a defining feature 
of the smart building concept. The purpose of the work was to measure the func-
tionality and maturity of smart systems and their application in two Finnish shop-
ping centres. Assessing the properties as the main research subjects was done as an 
alternative approach to the more commonly seen, technologically inclined existing 
smart research. Shopping centres are complex retail environments with hetero-
genous userbases, which makes them suitable for the further development and 
benchmarking of the evaluation methods. 

This master’s thesis comprises a literature survey and an empirical study. Different 
definitions and dimensions of smart environments were identified in the literature 
survey part of the work. The necessary background for the methods used in the em-
piric study were also mapped out. The maturity level of the shopping centres was 
measured in the empirical study, which consisted of smart readiness indicator as-
sessments and interview studies. The smart readiness indicator was used in this 
study to assess the technical smartness of the shopping centres. The interview study 
was used to address those themes and attitudes not recognized by the smart readi-
ness indicator. An estimate on the properties’ smart maturity level is achieved by 
combining the results from both methods.  

The two examined cases reach moderate levels of smart maturity. Technical fidelity 
in the examined properties is in general high, but user and stakeholder comprehen-
sion on the subject of smartness remains low. The maturity level of smart systems 
is perceived as high by the stakeholders. Knowledge on smart shopping centre end 
user requirements seems to be low based on the results. User comfort and conven-
ience is however well-represented through smart building management. The need 
for more inclusive smart system utilisation was voiced in the interviews. More ac-
tive interplay between the users, owners, and the building itself was identified as a 
development point. Approaching the smart building concept as dynamic and par-
ticipatory compositions rather than simply technologically advanced buildings, 
might positively affect user satisfaction and facilitate more inclusive smart system 
implementation.  

Keywords  smart buildings, smart readiness indicator, maturity modelling, user 

requirements 
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Tiivistelmä 

Älykkäät rakennukset ovat itsesääteleviä rakennuksia, joiden toimintaa ohjaavat 
älykkäät sensorit ja mittarit. Ne ovat energiatehokkaampia kuin perinteiset raken-
nukset ja kiinteistöjen älyratkaisut voivat laskea sähkönkulutusta jopa 30 %. Ym-
päristön muutoksiin mukautuminen on yksi keskeisimmistä älykkään rakennuksen 
ominaisuuksista. Aikaisempi tutkimus aiheesta on painottunut tarkastelemaan 
älykkyyttä kokonaisten kiinteistöjen sijasta yksittäisten älyteknologioiden pohjalta. 
Tämän diplomityön tavoitteena oli tarkastella älykkyyden eri ulottuvuuksia ja toi-
mintatasoa (engl. maturity) kahdessa suomalaisessa kauppakeskuksessa. Kauppa-
keskukset valikoituivat tutkimuksen tarkastelukohteiksi, koska ne ovat monipuoli-
sia liiketoimintaympäristöjä, jotka haastavat arviointimenetelmien käytettävyyttä.  

Tämä diplomityö koostuu kirjallisuuskatsauksesta sekä empiirisestä osuudesta. 
Kirjallisuuskatsaus pyrki tunnistamaan kiinteistöjen älykkyyden eri määritelmät ja 
ulottuvuudet, sekä taustoittamaan empiirisessä osuudessa käytettyjen menetel-
mien toimintaa. Empiirisessä osuudessa kauppakeskuskiinteistöjen älykkyyden 
toimintatasoa mitattiin rakennusten älyvalmiusindikaattorin (engl. Smart rea-
diness indicator) sekä haastattelujen avulla. Älyvalmiusindikaattoria käytettiin 
tässä työssä arvioimaan kauppakeskusten älykkyyttä kiinteistöjen teknisen tason 
kannalta. Haastattelututkimuksen avulla kartoitettiin niitä älykkyyden ulottuvuuk-
sia ja asenteita, joita älyvalmiusindikaattori ei tunnistanut. Arvio kiinteistöjen älyk-
kyyden toimintatasosta saadaan yhdistämällä eri menetelmien tulokset.  

Tarkasteltujen kiinteistöjen älyratkaisut saavuttavat tulosten perusteella tyydyttä-
vän toimintatason. Kohteiden tekniset ratkaisut ovat pääosin korkealuokkaisia, 
mutta älykkyyden käsitettä ei ole käyttäjien ja sidosryhmien keskuudessa täysin si-
säistetty. Kohteiden sidosryhmät mieltävät rakennusten älykkyyden kuitenkin kor-
keaksi. Älykkäiden kauppakeskusten käyttäjävaatimuksia ei tulosten perusteella 
täysin ymmärretä, mutta käyttäjien hyvinvointiin liittyvät rakennustekniset vaati-
mukset ovat otettu älyratkaisujen puolesta hyvin huomioon. Haastatteluissa tun-
nistettiin tarve kattavammalle älyratkaisujen hyödyntämiselle. Aktiivisempi vuoro-
vaikutus käyttäjien, omistajien sekä itse rakennuksen välillä tunnistettiin mahdol-
liseksi kehityskohdaksi. Älyrakennusten määritteleminen niiden mukautuvuuden 
pohjalta teknisen tason sijaan, voisi vaikuttaa positiivisesti käyttäjätyytyväisyyteen, 
sekä edesauttaa älyratkaisujen kokonaisvaltaista hyödyntämistä. 

Avainsanat  älykkäät rakennukset, älyvalmiusindikaattori, älykkyyden toiminta-

tason arviointi, käyttäjävaatimukset 
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Sammandrag 

Smarta byggnader är självreglerande byggnader, vilkas funktion styrs genom 
smarta sensorer och mätare. Smarta byggnader är mer energieffektiva än tradition-
ella byggnader. Energibesparingar på upp till 30 % kan uppnås genom installering 
av smarta lösningar. Anpassningsförmåga, både till interna och externa förhållan-
den, är ett grunddrag av smarta byggnader. Syftet av arbetet var att kartlägga två 
finska köpcentrums smarthet och mognadsnivå. Fastigheterna som helheter valdes 
som forskningsobjekt för arbetet, p.g.a. att forskning inom ämnet långt inriktat sig 
på utvärderingen av enstaka tekniska egenskaper. Köpcentrum valdes som arbetets 
forskningsobjekt p.g.a. deras mångfacetterade användarbas och uppbyggnad. Fas-
tigheterna lämpar sig väl för utvecklandet av forskningsmetoderna som används i 
arbetet. 

Arbetet består av en litteraturöversikt och en empirisk forskning. Olika dimens-
ioner och definitioner av smarthet kartläggs i litteraturöversikten, tillsammans med 
en översikt på de empiriska metoderna som används i arbetet. I den empiriska 
forskningen mäts köpcentrens mognadhetsnivå m.h.a. smart readiness indikatorn 
och en intervjuforskning. Smart readiness indikatorn används i detta arbete för att 
uppskatta köpcentrens smarthet på basen av deras tekniska egenskaper. I intervju-
forskningen kartlades de dimensioner och tankar angående smarthet som inte lyfts 
fram från smart indikatorn. En uppskattning av fastigheternas smarthets mognads-
nivå fås genom att kombinera resultaten av de olika metoderna.  

Fastigheternas smarta lösningar uppnår en nöjaktig mognadsnivå på basen av re-
sultaten. Fastän byggnadernas tekniska lösningar är i genomsnitt högklassiga, är 
förståelsen för ämnet lågt bland användare och intressenter. Intressenterna ansåg 
dock att mognadsnivån av fastigheternas smarta lösningar är hög. Forskningens 
resultat tyder på att smarta köpcentrens användarkrav inte känns igen. Användar-
nas välbefinnande är dock välrepresenterat m.h.a. omfattande byggnadstekniska 
lösningar. Mer inkluderande implementering av smart funktionalitet lyftes fram 
som en utvecklingspunkt under intervjuerna. Mer aktiv växelverkan mellan själva 
byggnaden, dess användare och ägare kändes igen som en möjlig utvecklingspunkt. 
Ifall smarta byggnader definierades utifrån deras anpassningsförmåga och delta-
gande processer, istället för enstaka tekniska lösningar, skulle användarnöjdhet in-
verkas positivt. Implementering av mer övergripande smarta lösningar skulle även 
underlättas.   

Nyckelord  smarta byggnader, smart readiness indikator, mognadsmodellering, 
användarkrav 
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1 Introduction 

Smart technologies have during the past few decades started to be integrated 

into real estate. Smart Buildings (SB) have as a result of this seen widespread 

international implementation (Apostolopoulos et al., 2022). SB functionality 
is well suited to support all three facets of sustainability, i.e. ecological, social 

and economic sustainability (al Dakheel et al., 2020). The inherent potential 
of SBs has also been recognized by the European Commission, with SBs being 

presented in the European Energy Performance Buildings Directive (EPBD) 

as the primary agent of change in the building sector (Joint Research Centre 
(European Commission), 2019).  

Self-regulation and adaptability to internal and external stimuli are key fea-

tures of the SB concept. User-responsiveness is at the heart of the concept, as 
much of a SBs functionality is dependent on how user requirements are met. 

This user-centrism is largely absent from most research on the subject, which 
is mostly focused on the study of individual smart systems. This is partly be-

cause SBs are a comparatively novel concept, and as such practical know-how 

on smart functionality realization is limited. While features such as energy 
efficiency and readiness are readily represented in academia, research on the 

comfort and health of its occupants are comparatively under-represented 
(Winkowska, Szpilko and Pejić, 2019; al Dakheel et al., 2020). SB develop-

ment is now reaching a point where the practical applicability and realization 

of smart system functionality can be assessed.  As such, the focus of this study 
is to map out how user requirements are expressed in SBs and the maturity 

of its smart systems.  

Maturity is often used to evaluate the effectiveness and repeatability of a pro-
cess or functionality. Maturity models see widespread use in technological 

research and development (R&D). In this study, maturity modelling is used 
to gauge how well internalized and widely adopted smart solutions are on an 

organisational level, with the overarching goal of assessing the effectivity of 

smart solutions. The Smart Readiness Indicator (SRI) framework is an EU-
driven measurement tool for assessing smart readiness. The SRI is being 

used by the EU to promote the implementation of energy and cost efficient 

smart systems. The current geopolitical scene and resulting energy crisis in 
Europe has hastened the shift to smart environments (IEA, 2022). The SRI 

is, much like most research on smartness, focused on the assessment of indi-
vidual smart technologies. Using maturity modelling in tandem with the SRI 

will create a comprehensive view on smart functionality, both from a tech-

nical, and evolutionary point of view. The results of this approach can be used 
to further develop the SRI. To further develop the assessment capabilities of 

the SRI, complex testing environments were chosen. Retail environments, 
with their large userbases and complex user and technical requirements fit 
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the bill perfectly. Shopping centres are often early adopters of new technolo-
gies, due to their substantial capital requirement. This makes them suitable 

for benchmarking smart system realization. With the goals and premise of 

the study in mind, the following research questions and sub-questions were 
chosen to best represent the objective of the work: 

1. How has smart maturity evolved in shopping centres? 

a. What is the smart maturity level of shopping centres in 
Finland? 

b. How is the current level of smart maturity perceived by 
key stakeholders? 

2. How are the end user requirements for shopping centres rep-

resented in SBs? 

The scope of the study is set on the evaluation of smart functionality in retail 

environments, specifically shopping centres. All examined cases are Finnish. 

The smartness of residential buildings is not addressed in the study. In this 
study, SRI assessments and maturity modelling are used to evaluate smart-

ness. Although other means of assessing smartness exist, the previously men-
tioned methods support the objectives of the study best, due to their signifi-

cance and use. 

Two shopping centres in the Helsinki metropolitan area were chosen as the 
subject cases. The case studies are divided into SRI assessments and semi-

structured interviews. The SRI assessments consist of meetings with the case 
property managers, together with which the smart functionality level for each 

individual smart technology will be assessed. The result of the SRI assess-

ment will be numeric scores for all central smart features. Around 3-4 inter-
views will be conducted per case. Stakeholders with different backgrounds 

were chosen, as to best highlight the level of comprehension and attitudes 

pertaining to smartness. The work is divided into two parts. A literature re-
view comprises the first part of the thesis (chapters 2-5), while the second 

part (chapters 6-7) detail the background and results of a two-phase multi-
ple-case study. Chapters 2 and 3 are centred around the smart city and smart 

building concepts respectively. Digitalization, and its role as a key enabler of 

modern real estate is expanded upon in chapter 4. Chapter 5 explains the 
basics of maturity modelling and the SRI framework. The methodology and 

structure of the empirical study is presented in chapter 6, while the results 

are displayed in chapter 7. The results of the study are discussed together 
with previous research in chapter 8, in addition to the applicability of the re-

sults and possible future research.  



14 

 

 



15 

 

2 Smart cities 

Digital technologies have become a cornerstone of the contemporary urban 

infrastructure. Information and communication technologies (ICT) are used 

to manage the interaction between technological systems and end users. 
However, as a result of the many decades of urbanization, many cities have 

grown unsustainably large, with complex chains of codependence and inter-
connectivity (Winkowska, Szpilko and Pejić, 2019). More than half of the 

earth’s population lives in cities. Modern sustainable development thus goes 

hand in hand with urban sustainability (Höjer and Wangel, 2014). Concepts 
such as eco-cities, digital cities (Eremia, Toma and Sanduleac, 2017) and in-

telligent cities (Lara et al., 2016) started to gain traction during the end of the 

century 20th century. Intelligent cities, the precursors to smart cities, are 
more fundamentally defined by digital solutions than smart cities are 

(Komninos, 2009).  

Smart environments, be they smart cities or buildings, feature real-time in-

teraction with their surroundings as a central feature. This interconnectivity 

is largely dependent on what role an individual unit has in the larger whole. 
This also means that lacklustre city-level facilities can directly impede the 

functionality of individual SBs, as facets such as interconnectivity require 
sufficient digital infrastructure. The purpose of this chapter is thus to provide 

context to the SB concept, by introducing the basic fundamentals and com-

position of the wider smart city concept.   

2.1 The smart city concept  

Smartness is often connected to technology and digitization. Justifiably so, 

considering that SBs are often defined by solely through individual technical 

solutions (Buckman, Mayfield and Beck, 2014). The concept of a smart city 
is however significantly more abstract, and thus cannot be defined through 

the effect that individual technologies have. The five primary pillars of the 

smart built environment are responsive energy systems, efficiency and 
health, dynamic operability, dynamic and self-learning control systems, as 

well as renewable energy (de Groote, Volt and Bean, 2017).  

Smart cities are a natural continuation of the green and sustainable city con-

cepts, combined with the concept of intelligent cities. A more comprehensive 

overview of contemporary values is achieved by introducing socio-economic 
features to the concept. The resulting concept shares the same fundamental 

functions of a more traditional city but include the use of modern technolo-

gies as a means to keep all the different aspects of a contemporary city at a 
sustainable optimum. (Komninos, 2009; Lara et al., 2016; Eremia, Toma and 

Sanduleac, 2017; Sadowski and Bendor, 2019; Winkowska, Szpilko and Pejić, 
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2019). This sustainability has become a central theme of the smart city iden-
tity, with major global instances, such as the United Nations (UN) pushing 

for its development and wide-spread adoption (United Nations and Depart-

ment of Economic and Social Affairs, 2018).  

However, while many smart city definitions share the same fundamental 

principles, different weightings and variations on the concept have emerged 

during the past twenty years that the concept has existed. Predictability and 
monitoring were common themes in many definitions (Lara et al., 2016). The 

following four aspects define the smart city concept (Winkowska, Szpilko and 
Pejić, 2019): 

1 Socio-economic aspects 

2 Urban logistics 

3 Environmental aspects 

4 Smart technology 

Socio-economic aspects are healthcare, education, as well as entrepreneur-
ship and innovation. Urban logistics are focused on resource and people flow. 

Environmental aspects are focused on the promotion of ecological sustaina-
bility on a societal scale. Smart technologies include concepts such as ICT 

and data management, in addition to more advanced technologies such as 

artificial intelligence (AI) and various wireless sensory networks. (Winkow-
ska, Szpilko and Pejić, 2019) Of these four aspects, it is the environmental 

aspects and the wider socio-economic benefits that the smart city concept 
drastically expands upon compared to the previously mentioned intelligent 

city concept. It should also be noted that the implementation of a single, or a 

few of these aspects does not make a city “smart” in  and of itself.                       

A widely accepted framework of the smart city concept was coined by 

Giffinger et al. (2007). The framework divides smart cities into six character-

istics, which are presented with short explanations in Figure 1. 
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Figure 1: The characteristics of a smart city, synthesis based on the frame-
work by Giffinger et al. (2007) 

The six characteristics are further divided into 31 factors and 74 indicators. 

The overarching goal of the framework is to promote sustainable smart city 
development. The framework has since its inception seen wide use in aca-

demia, with differing views and interpretations emerging. Researchers have 
expanded upon the framework by adding contemporary features, such as 

ICT-based e-governance (Albino, Berardi and Dangelico, 2015), renewable 

energy sources and smart grid adaptability (Appio, Lima and Paroutis, 2019) 
to the original six characteristics. It should be noted that while the six char-

acteristics provide an outline and framework for all the aspects of a smart 

city, the overlap of the different characteristics and their respective features 
makes the separation of individual features under their respective dimen-

sions challenging and ultimately irrelevant. The interplay between th ese 
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dimensions in order to reach an optimum is what defines a smart city (Batty 
et al., 2012; Höjer and Wangel, 2014; Baltac, 2019).  

2.2  Smart city challenges 

Smart cities share many of the same challenges as more traditional cities, 

most prevalent of which are overpopulation, uncontrolled urban sprawl and 

the resulting resource deficiency. Other noteworthy challenges are inequity 
and segregation, aging populations, insufficient infrastructure, emissions 

and low citizen participation. (Sadowski and Bendor, 2019; Winkowska, 
Szpilko and Pejić, 2019) In addition to these baseline urban issues, smart cit-

ies also face challenges of their own. Smart city implementation is highly re-

source-intensive, and requires a substantial investment of know-how, tech-
nology and money, both from public and private sectors (Silva, Khan and 

Han, 2018). The true cost of implementing smart cities is poorly understood, 
which leads to half-hearted efforts to modernize existing urban environ-

ments, in the hopes of solving local issues and securing funding (Baltac, 

2019). Excessive focus on individual technologies, lack of citizen involvement 
and poor management are all hallmarks of poorly understood smart city im-

plementation (Winkowska, Szpilko and Pejić, 2019). Cities with insufficient 

infrastructure and resources, corruption and inefficient governmental poli-
cies might try to improve their standing by introducing smart city projects. 

In such areas the poorly functioning solutions can compound local issues fur-
ther (Winkowska, Szpilko and Pejić, 2019), which in turn creates dissent and 

resentment towards official decision-making. This makes the future reintro-

duction of the concept challenging. Insufficient technological resources are 
especially troublesome, seeing as many of the control and management sys-

tems of smart cities rely on ICT to maintain functionality (Höjer and Wangel, 

2014). Heterogenous systems create a digital divide between people and sys-
tems (Silva, Khan and Han, 2018). The resulting divide limits the effective-

ness and reach of smart solutions and excludes digital non-natives from us-
ing smart city services (Baltac, 2019).  

2.3  Future smart city trends  

The focus of the smart city concept has slightly shifted during the past few 

years. Information technologies have lost their characteristic of being the 
central defining trait of a smart city, as a more nuanced view of the concept 

became commonplace. While sustainability in general remains as relevant as 

ever, emphasis in research is increasingly shifting towards the facets of eco-
nomic and social sustainability, as well as human-centered design (Höjer and 

Wangel, 2014; Lara et al., 2016; Eremia, Toma and Sanduleac, 2017; Sa-
dowski and Bendor, 2019; Winkowska, Szpilko and Pejić, 2019).  
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The concepts of sustainable cities and smart cities are nowadays used almost 
interchangeably, as most smart city definitions feature sustainability as a key 

component of modern urban development (Höjer and Wangel, 2014). Smart 

city Key Performance Indicators (KPI) are, perhaps unsurprisingly, more fo-
cused on technology than sustainability KPIs, but sustainability KPIs place 

more emphasis on the future effects of cities. (Ahvenniemi et al., 2017) Alt-

hough all dimensions of sustainability are represented in sustainability KPIs, 
environmental issues are predominant, with social and economic aspects 

having a more prevalent role in smart city KPIs (Ahvenniemi et al., 2017).  

Longevity and resilience are current topics that are being discussed in rela-

tion to urban development during global catastrophes like the COVID-19 

pandemic (Sassen and Kourtit, 2021). Aspects of smart cities, such as urban 
logistics, have proven to be irreplaceable in these challenging times, as over-

taxed supply chains can be directly supported by the cities’ infrastructure 

(Eremia, Toma and Sanduleac, 2017). The following years will prove just how 
effective smart cities truly are in mitigating the long-term effects of modern 

crises.   
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3 Smart buildings 

The development of SBs was enabled by the gradual introduction of digital 

solutions into our everyday lives. The management and maintenance of 

buildings have become less and less dependent on human intervention, with 
the introduction of autonomous sensors and meters (Sinopoli, 2010). The SB 

concept is a result of this digital evolution. The terms “intelligence” and 
“smartness” are often used to describe modern buildings, with the latter gain-

ing exponentially more traction during the last ten years. In some instances, 

“intelligence” is used interchangeably with “smartness”, with the only differ-
ence being the inclusion of user needs in the smart concept (Albino, Berardi 

and Dangelico, 2015). Intelligent buildings (IB) have traditionally encapsu-

lated buildings with integrated ICT and building management systems and 
varying levels of automation (Komninos, 2009; Buckman, Mayfield and 

Beck, 2014). SBs build upon the foundations laid by IBs, by introducing an 
additional layer of interactability and adaptability in the form of smart sys-

tems and sensors (Buckman, Mayfield and Beck, 2014; Lawrence et al., 

2016). The resulting SBs have the added benefit of being able to self-regulate 
and balance comfort level and energy consumption in order to reach an op-

timum. (Buckman, Mayfield and Beck, 2014; al Dakheel et al., 2020) The key 
difference between the two building concepts is the idea of reactive vs adap-

tive (Buckman, Mayfield and Beck, 2014; Panchalingam and Chan, 2021). 

IBs generally change consumption based on signals from events that have 
already transpired, while SBs adapt their functions in advance to the change 

happening, with the help of real-time data (Buckman, Mayfield and Beck, 

2014). The origins, definitions and challenges of SBs are presented in detail 
in the following sections. 

3.1 Definition of smart buildings 

Although the concept of SBs is far less convoluted than the wider, socio-eco-

nomic definition of the smart city concept introduced in chapter 2, SB con-
cepts share the same definition challenges as its big brother (Buckman, May-

field and Beck, 2014). Despite their emerging prevalence in academic and 
practical instances, as well as the emphasis placed upon the concept by the 

EC in the revised 2018 EPBD (de Groote, Volt and Bean, 2017; al Dakheel et 

al., 2020), a widely accepted and exhaustive definition does not exist. The 
different features of SBs have been mapped out by many researchers, who 

have provided their own take on them (Buckman, Mayfield and Beck, 2014; 

Batov, 2015; Lawrence et al., 2016; de Groote, Volt and Bean, 2017; al 
Dakheel et al., 2020; Apanaviciene, Vanagas and Fokaides, 2020; Aliero et 

al., 2022). Adaptability in the face of internal and external stimuli, be it to 
occupants, surrounding energy grids or the climate (Buckman, Mayfield and 

Beck, 2014), together with energy efficiency, cost minimization, as well as 
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intelligent monitoring and control systems (de Groote, Volt and Bean, 2017; 
al Dakheel et al., 2020) are all central features of SBs. The main differences 

of SBs compared to more traditional forms of construction constitute the in-

stalled smart sensors and the software with which said monitoring devices 
are managed, as well as the (often ICT-based) network, with which the dif-

ferent heterogenous systems communicate with each other and the outside 

smart grid (Batov, 2015; Apanaviciene, Vanagas and Fokaides, 2020). There 
remains a trend of dismissing the self-management ability of SBs in favour 

of associating SBs as merely automated buildings (Batov, 2015). 

Al Dakheel et. al. (2020), grouped the defining traits of a SB under four basic 

functions. The basic functions are climate response, grid response and user 

response (i.e., adaptability as presented in the previous paragraph), as well 
as monitoring and supervision. A further four features comprising eight tech-

nical domains help frame and place the technical solutions in respect to SBs. 

The four features of SB functionality are: Nearly Zero Energy Buildings target 
(nZEB), flexibility, real-time interaction and real-time monitoring. The sys-

tems which constitute a SB are control systems, renewable energy systems, 
energy storage systems, advanced heating, ventilation and air conditioning 

(HVAC) systems, lighting systems, sensors and actuators, as well as smart 

meters. (al Dakheel et al., 2020) Froufe et. al. (2020) on the other hand, 
grouped the functionality of a SB under eleven drivers, which are further cat-

egorized into three groups. The drivers influence the performance of eight 
technical systems. The three categories of drivers are users, owners and the 

environment. The drivers which are user-related are health, comfort, satis-

faction and security. Those related to the owner of the building are technol-
ogy, integration, flexibility and longevity. Lastly, the drivers related to envi-

ronmental issues are ecology, energy, as well as efficiency. The technical sys-

tems are HVAC, lighting, energy, security, telecommunications, fire preven-
tion, vertical transportation and hydraulics. Of particular note is that all driv-

ers are, in general, related to all technical systems in some way or another. 
(Froufe et al., 2020)  

The definition of SB goes hand in hand with renewable energy, as pressure 

for buildings to be energy-efficient, as well as at best self-sufficient continues 
to rise (Joint Research Centre (European Commission), Filippidou and Ji-

ménez-Navarro, 2019). As integrated renewable energy sources become 

more and more prevalent in the building sector, sophisticated control and 
management systems become a prerequisite for the satisfactory distribution 

of energy, which in turn accelerates the shift towards more comprehensive 
smart solutions (al Dakheel et al., 2020). Self-regulation is thus a key char-

acteristic of SBs and crucial to the successful and effective distribution of en-

ergy (Buckman, Mayfield and Beck, 2014). Over time, many ways of quanti-
fying smartness have been developed. The SRI framework, which is actively 
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being promoted as part of EU-level sustainability initiatives, is but one smart 
measure. The definition of the SB concept is convoluted, and as such needs 

simplifying to be understandable. The SRI framework condenses smart func-

tionality into a select few dimensions and technical factors, making smart-
ness more accessible and understandable for key stakeholders (European 

Commission and Smart Readiness Indicator (SRI), 2022a). As user needs 

evolve and new technologies are born, SBs have to adapt to the changing pa-
rameters by further developing their integrated features (Froufe et al., 2020). 

Participatory concepts, such as end-user development (EUD) (the concept of 
which is further explained in chapter 4) could become an integral part of SB 

development, as software developers alone are hard-pressed to create satis-

factorily exhaustive smart solutions, which would be able to adapt to all user 
needs. By giving users more agency in managing their immediate surround-

ings, a more inclusive environment is born, where the users’ needs are vali-

dated and requirements met. What becomes clear from the myriad of differ-
ent definitions, frameworks, and dimensions of SBs, is that a universal, one-

size-fits-all definition does not exist, and that local definitions can differ from 
each other dramatically, based on the particular attributes and form of the 

specific market. 

3.2 Advanced digitalization in smart buildings 

The three main drivers pushing building development forward are longevity, 
energy and efficiency, as well as comfort and satisfaction (Buckman, Mayfield 

and Beck, 2014). Growth potential is thus a central part of SBs, seeing as most 

of the baseline features of the concept are inherently development-inducing. 
That is not to say, however, that all SBs are created equal. The level of imple-

mentation and the maturity of different smart systems can vary widely. The 

most rudimentary forms of SBs share many similarities with advanced IBs, 
while the most sophisticated SBs seamlessly integrate advanced forms of AI 

as part of the buildings’ systems (Buckman, Mayfield and Beck, 2014; Albino, 
Berardi and Dangelico, 2015; al Dakheel et al., 2020; Panchalingam and 

Chan, 2021). Researchers found that there remains a lot of unutilized poten-

tial in the use of AI in SBs (Panchalingam and Chan, 2021). AI technologies 
were found work better in tandem with each other, where the different com-

puting techniques provide more accurate results than if they were to be uti-
lized separately. (Panchalingam and Chan, 2021) The potential of AI technol-

ogies remains particularly high in non-residential buildings, where control of 

the buildings’ systems is not easily distributed to a single representative. The 
real-time monitoring made possible by AI, might prove to be the most effec-

tive way of managing people flow and reaching the optimum balance of com-

fort and efficiency in complex commercial environments. (Buckman, May-
field and Beck, 2014; Moreno, Zamora and Skarmeta, 2014; al Dakheel et al., 

2020; Panchalingam and Chan, 2021). Other concepts, such as the Internet 



23 

 

of Things (IoT), bring with them the possibility for more efficient localization 
and tracking opportunities, which the buildings’ management systems can 

then effectively utilize to manage, predict and adapt to people flow (Akkaya 

et al., 2015; Minoli, Sohraby and Occhiogrosso, 2017).  
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4 Digitalization in modern real estate 

Modern real estate, especially smart environments, are highly dependent on 

existing digital solutions as a basis for more advanced systems. The self-reg-

ulating and autonomous features of a SB mentioned earlier require a sturdy 
ICT framework to function. Smart implementations will provide negligible 

benefits if the baseline building management systems are not fully digital-
ized, as data transfer between heterogenous digital and nondigital systems is 

challenging and ineffective. To fully understand the processes and interplay 

between systems and users in smart commercial environments, one must 
grasp the potential and requirements of digital solutions. Smart environ-

ments are as much defined by the internal interplay between technical sys-

tems, as by the interaction with external stimuli. As such, it is crucial to un-
derstand which digital solutions are suited for what purpose, and how they 

can be used together to tackle complex problems. How these digital solutions 
are used in practise is what defines the effectivity and functionality of smart 

environments.  

Real estate remains one of the slowest changing industries in the world, with 
lacking to moderate levels of digitalization being the norm across most facets 

of the industry (Agarwal, Chandrasekaran and Sridhar, 2016). Additionally. 
projects are prone to exceed budgets and schedules, especially so as projects 

get larger and more complex (Agarwal, Chandrasekaran and Sridhar, 2016). 

Large amounts of heterogenous data are produced by the disparate sources, 
which makes data management challenging without sufficient digital tools. 

Real estate business has, like the rest of our contemporary societies, evolved 

into a complex and interconnected system, affected by changes in the global 
economy, megatrends and more (Page III and Valenziano, 2001).  

Digitalization and real estate business place their own limitations upon smart 
environment development. This chapter highlights some developments, 

trends and obstacles relating to how digitalization is expressed in real estate. 

Smart environments are a natural conclusion of the real estate digitalization 
process, which is why they feature centrally.  

4.1 Current developments in digitalization 

Smart cities and buildings are both examples of multi-dimensional digitali-

zation, where different heterogenous digital systems are combined, as to pro-
vide more value beyond what the individual solutions can offer on their own. 

(Batty et al., 2012; Gray and Rumpe, 2015; Lara et al., 2016). As mentioned 

in chapter 2, contemporary societies are becoming more and more complex, 
with codependence and constant change having become the norm. As self-

regulation in residential building management systems becomes more 
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widespread, the sensors and monitors provide service providers and manu-
facturers with a near endless supply of real-time data. Still, research shows 

that as the users’ knowledge on monitoring and data practices remain scarce, 

the concerns and opinion on data security and privacy is mostly steered by 
previous experiences and misconceptions (Tabassum, Kosinski and Lipford, 

2019). It is becoming exceedingly difficult to navigate and effectively utilize 

all the different digital features present, both from a professional, as well as 
from an end user point of view. The inherent potential of digital systems and 

ICT technologies as a means to provide structure and manage the tides of 
data, has been recognized in academia.  

With the help of digital tools, end users can become indirect developers 

(McLean, 1979). The idea of end users being “prosumers”, in contrast to using 
solely ready-developed systems, is gaining traction in response to users being 

able to provide more data than ever (Lieberman et al., 2006; Tabassum, 

Kosinski and Lipford, 2019). To address the issue of emerging technologies 
being insufficient in managing the constantly changing digital environments 

and human expectation, researchers have proposed Human-Computer Inter-
action (HCI) (Lieberman et al., 2006) and EUD (Lieberman et al., 2006; 

Desolda, Ardito and Matera, 2017; Caivano et al., 2018) as potential targets 

for development. A more participatory approach to smart home development 
has also been found to improve user performance and satisfaction, while a 

more restrictive approach limits user expression and stifles user innovation 
(Desolda, Ardito and Matera, 2017). EUD provides a way for users without 

the required background in software development and programming to mod-

ify applications to be more suitable for their needs (Lieberman et al., 2006). 
The development cycle of EUD also covers the operational period, which 

makes it widely applicable to the building sector, where operational periods 

are generally much longer than for other sectors. A significant part of the us-
ers of digital systems already hold skills which significantly exceed the base-

line skillset required to successfully employ digital technologies (Lieberman 
et al., 2006). Thus, the natural next step in digital accessibility is transferring 

part of the digital means of production (or in this case, development) to the 

users.  

4.2 Obstacles to the digitalization of real estate 

Even if the adoption of smart systems and the digitalization of the built envi-

ronment bring with them positive effects (as was mentioned in chapters 2 

and 3), the implementation of smart solutions is not without its fair share of 
challenges. High investment costs, incompatibility issues, lacking R&D in the 

real estate sector, and to a lesser degree definitional issues, all stifle the de-

velopment of modern real estate.  
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The upfront costs of SB systems, advanced digital solutions and renewable 
energy sources are in general higher than for traditional solutions. Large-

scale retrofitting scenarios are typically avoided, as there remains a lack of 

awareness as to the potential benefits of smart systems in addition to the high 
costs. Furthermore, definition issues continue to confound occupant and 

stakeholder alike, as was made evident by the different SB definitions pre-

sented in chapter 3 (Joint Research Centre (European Commission), Filippi-
dou and Jiménez-Navarro, 2019). Research within the construction sector in 

general is lagging severely behind that of other industries (Agarwal, Chan-
drasekaran and Sridhar, 2016), which further hampers effective develop-

ment. The high upfront costs are a particularly prevalent issue in commercial 

instances, where the inconvenience and negative effect on sales caused by the 
installation and maintenance make them undesirable (Akkaya et al., 2015). 

Although smart solutions pay themselves back in the long run through lower 

operating expenses, the high investment costs drive away investors. In many 
European countries, governmental policies and subsidy programs are used 

to counteract this (de Groote, Volt and Bean, 2017).  

Additionally, older building stock do not easily lend themselves to the inte-

gration of more modern digital solutions, seeing as their structure was not 

originally built with this in mind (de Groote, Volt and Bean, 2017). Compre-
hensive smart systems are more challenging to implement in retrofitting sce-

narios than new construction, as existing building management systems are 
often incompatible or ineffective when paired with more sophisticated digital 

solutions. Contemporary buildings and their control and management sys-

tems on the other hand are designed with digitalization and smartness in 
mind (al Dakheel et al., 2020). The resulting negligible benefits of badly in-

tegrated smart solutions lead to SBs being dismissed in favour of more well-

understood existing building management systems. As a matter of fact, the 
incompatibility of the existing building stock with smart technologies will be 

a major issue going forward, with many countries in Central and Eastern Eu-
rope being ill-suited to take advantage of the potential brought by SBs. The 

only European countries in 2017 (a year before the EC published the revised 

EPBD) to have sufficient preconditions for the satisfactory implementation 
of smart solutions were Sweden, Finland, Denmark and the Netherlands.  

Privacy in relation to SBs is an issue that is widely absent in most research 

on the subject. Privacy preservation might become a challenge in the future, 
as smart technologies become more and more pervasive (Akkaya et al., 2015). 

SBs require immense amounts of data in order to work effectively (Pappa-
chan et al., 2017), which is at odds with the concept of home privacy. With 

the advent of IoT-based technologies being scattered throughout our daily 

lives, privacy risks spring up in unanticipated domains. While users are gen-
erally aware of the privacy concerns introduced by mobile devices, IoT 
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systems and their catchment areas in their homes might not be as familiar to 
them (McCreary, Zafiroglu and Patterson, 2016; Pappachan et al., 2017). Re-

searchers have found that most people consider the information collected by 

smart sensors and meters in a residential building to be shareable (McCreary, 
Zafiroglu and Patterson, 2016). On the other hand, only 18 % of non-residen-

tial activity data was considered shareable. The low shareabil ity of non-resi-

dential data might be due to constraints placed upon workplaces. Company 
data is company property which makes it private. (McCreary, Zafiroglu and 

Patterson, 2016) The real-time monitoring of an SB has been recognized as a 
major privacy concern, as the smart building management systems are pro-

grammed to discern the activity patterns of the building’s occupants (Pappa-

chan et al., 2017). More privacy-aware SB frameworks, constituting privacy-
aware management systems and virtual assistants, might help alleviate pri-

vacy issues (Pappachan et al., 2017).   

4.3 The digitalization of retail 

While residential housing provides a clear-cut foundation for the practical 
implications of digitalization and user expression, retail is another matter en-

tirely. Digitalization has had a substantial effect on the form of retail, from 

customer practice to the role of on-site retail. As more and more transactions 
are performed online, local shops and shopping centres undergo a certain 

change in paradigm, where the line between product and service becomes 
blurred. (Hagberg, Sundstrom and Egels-Zandén, 2016) The COVID-19 pan-

demic has accelerated the shift further, as online shopping is more prevalent 

than ever (Nanda, Xu and Zhang, 2021). This shift necessitates that the tra-
ditional shopping centre business model, where a portion of the rent that re-

tailers pay is based on sales, be changed. In order to stay competitive, shop-

ping centres need to adapt their business models to account for the change 
in customer behaviour (Sorescu et al., 2011; Hagberg, Sundstrom and Egels-

Zandén, 2016). Tenant-landlord relationships and rent determination need 
to shift into a more interactive and responsive form, in order to better ac-

count for the transition of revenue streams into online markets (Nanda, Xu 

and Zhang, 2021). 

As the focus for shopping centres shifts from trading goods to service provid-

ers, user experience becomes crucial. Providing the opportunity to feel and 
evaluate the physical properties of a product, remains one of the premier ad-

vantages that traditional on-site retail has over their digital counterparts 

(Nanda, Xu and Zhang, 2021). The digitalization of the purchasing process 
helps bridge the gap between online e-business and on-site retail, as infor-

mation on goods and the physical venues are provided on mobile devices. 

Mobile devices as an extension of the physical store have given rise to new 
forms of retail, such as the pop-up store. (Hagberg, Sundstrom and Egels-
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Zandén, 2016) Considering the strengths and weaknesses of both online and 
on-site shopping, the introduction of hybrid forms of retail business might 

be warranted (Nanda, Xu and Zhang, 2021). 

Shopping centers, other commercial spaces, as well as public places in gen-
eral are ill-suited to enable user expression and customizability. The needs of 

the many outvalue the needs of the few, which makes public spaces less in-

clusive and less responsive to stimuli and feedback from the users. With the 
wildfire spreading of IoT solutions throughout contemporary societies, data 

collection has never been easier (Akkaya et al., 2015; Minoli, Sohraby and 
Occhiogrosso, 2017). Data collection presents itself both as a challenge and 

possibility for individual users. Localization of users leads to the optimization 

of public spaces, through the real-time collection of data, but it brings with it 
the issue of imperiled security and privacy (Akkaya et al., 2015; Minoli, 

Sohraby and Occhiogrosso, 2017; Froufe et al., 2020). 
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5 Smart maturity framework for real estate 

A thing as complex as smartness is not easy to quantify and comprehensively 

measure. Through the years, different methods, KPIs and indicators have 

been adopted to better explain the level of smartness of different processes 
and systems. The previously mentioned EU-driven SRI framework is cur-

rently undergoing test phases in many countries in Europe. Adopting a 
framework for international use is not without its fair share of challenges, as 

real estate markets and prerequisites can vary widely from country to coun-

try. Maturity is an approach which have seen wide-spread use in technology 
(Wendler, 2012), making it an ideal candidate for assessing smartness. The 

Cambridge English Dictionary defines maturity as: “a very advanced or de-

veloped form or state”(Cambridge English Dictionary, 2022). As such, the 
term maturity has been used extensively to describe and determine state of 

completeness of a product, service, feature etc. (Wendler, 2012; Proença and 
Borbinha, 2016). This chapter examines how smartness can be measured. 

The SRI framework, while specifically designed to measure smart function-

ality, is not yet widely recognized. Maturity modeling on the other hand is 
already well-established in tech, and by combining the two a more compre-

hensive view on smart maturity will be reached.  The first sections of the 
chapter are concentrated on maturity and maturity models, while the later 

sections are focused on the SRI framework.  

5.1 Maturity models 

Maturity models have predominantly been used during the last few decades 
for software quality assurance (Wendler, 2012; Proença and Borbinha, 2016). 

Maturity models help organizations optimize and troubleshoot ineffective 

processes and products (Widergren et al., 2010). Increased maturity brings 
with it increased capability, as more mature processes are more efficient (van 

Looy, de Backer and Poels, 2011). Maturity models are divided into three cat-

egories: maturity grids, hybrids and Likert-like questionnaires and capability 
maturity models (Fraser, Moultrie and Gregory, 2002). Maturity grids are 

moderately complex and constitute of descriptions of the maturity levels. 
Likert-like questionnaires are simple maturity models, where the relative 

performance of a certain feature of process is assessed on a scale of 1 to x. 

Models which combine the characteristics of the previous two model types 
are called hybrids, which have a wide spectrum of features and forms. (Fra-

ser, Moultrie and Gregory, 2002) Maturity models are often comprised of a 

set constellation of phases, through which a business practice, process or sys-
tem “moves”, as it gains (or loses) maturity (Fraser, Moultrie and Gregory, 

2002). Generally, maturity models exhibit around five of these phases or lev-
els, depending on the model and its composition. The previously mentioned 

capability maturity model has five levels of maturity: initial, repeatable, 
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defined, managed and optimizing. The later stages of a maturity model rep-
resent such an internalized level of comprehension of the subject, that prac-

tically no further development is needed. (Fraser, Moultrie and Gregory, 

2002) The hallmarks of a mature process or business practice are repeatabil-
ity and effectiveness. A simplified synthesis of maturity models by Fraser et 

al. (2002) is presented in Figure 2.  

 

Figure 2: A four-level maturity model, synthesis based on a simplification 

of maturity levels by Fraser et al. (2002) 

The simplified version highlights that at the highest level of maturity, the 

function or process is so ingrained into company practice, that practically no 
process is needed. Whereas while the process may be present in lower levels 

of maturity, it is not ingrained into company culture, nor is it used to its full-

est extent (Fraser, Moultrie and Gregory, 2002). 

However useful maturity models are in giving an accurate description of the 

maturity of certain features, they are not comprehensive enough to give a fi-

nal verdict on the measure of performance. Instead, in order to utilize them 
most effectively, special attention should be paid to integrating them as a part 

of the development cycle, where they are used in tandem with other measures 
to further development. (Fraser, Moultrie and Gregory, 2002; Proença and 

Borbinha, 2016; Aljowder, Ali and Kurnia, 2019) The focus on software de-

velopment have led to maturity models often being focused on the assess-
ment of a select few specialized tasks or processes, which in tu rn makes ma-

turity modelling cumbersome and taxing (Proença and Borbinha, 2016). Ma-

turity models have had scarce research and validation done to them in recent 
times, which undermines the scientific reliability of the method (Wendler, 

2012). Additionally, as there does not exist a widely accepted standard for 
maturity modelling, researchers seem to gravitate towards developing new 

maturity models instead of utilizing and redeveloping existing ones 

(Wendler, 2012). 

Digital maturity is a natural continuation of the topics introduced in chapter 

4, those being digitalization and digital transformation. There are many dif-
ferent definitions for digital maturity, most of them sharing the same funda-

mental characteristics. Summarized, digital maturity includes the 
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integration of a company’s practices in digital form and how resilient the dig-
ital processes are to technological advancement. The digital maturity of an 

organisation is defined by three measurements; its digitalization strategy, 

level of digitalization and readiness to adopt it (Aslanova and Kulichkina, 
2020). A digitally mature process is more efficient and increases user satis-

faction. (Aslanova and Kulichkina, 2020) As digital maturity is an extension 

of digitalization, the prerequisites are mostly the same as for basic digitaliza-
tion, that being technological applicability and sufficient access to data, to 

name a few. Digital maturity is thus not a complete solution to process inef-
ficiency, as some processes are not suitable for digitalization. An interesting 

issue concerning maturity and its measurement and applications is the point 

of view chosen for the task at hand. While most maturity assessments are 
done either by an external party or by self-assessment (Fraser, Moultrie and 

Gregory, 2002), other approaches have surfaced. An alternative approach 

would be to assess maturity based on end user experience and user 
knowledge on the subject (Awie, 2005). End user-based maturity assessment 

is however more complex and challenging to assess, because of the subjective 
nature of user experience. However, while software development and engi-

neering are still the main targets of contemporary maturity modeling, poten-

tial new application areas have been explored during the past decade. Ma-
turity models are now being used to assess quality management, product de-

velopment, innovation, product design, collaboration and product reliability, 
to name a few (Fraser, Moultrie and Gregory, 2002).  

5.2 Maturity model applicability in complex environments 

Maturity models evaluating the smartness of the built environment have 

started to gain traction during the last few years (Aljowder, Ali and Kurnia, 

2019). In fact, many of the IT-related systems that constitute smart environ-
ments, have already had maturity assessment done on them (Widergren et 

al., 2010; Panchalingam and Chan, 2021). Maturity models in relation to 
smart environments have to be able to assess a wide array of data, as the 

smart environment (as presented in chapters 2 and 3) is hugely complex, 

with intricate chains of interconnectivity and a heterogenous userbase 
(Dameri and Rosenthal-Sabroux, 2014; Eremia, Toma and Sanduleac, 2017; 

Winkowska, Szpilko and Pejić, 2019). The problem with many of the smart 
maturity models that have sprung up during the past few years, is that most 

of them focus on particular types of smart environments with their own re-

gional attributes, which makes cross-referencing tedious and difficult 
(Aljowder, Ali and Kurnia, 2019). Additionally, most smart city maturity 

models are not comprehensive, but instead focused on assessing individual 

technologies or processes. The themes present in the maturity models had 
generally a narrow focus, with economic or social aspects being the focus, and 

ecological sustainability left with less attention. (Aljowder, Ali and Kurnia, 
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2019) However, as stated before, maturity models provide a tangible and use-
ful way to rate and estimate the effectiveness of certain distinct functions, 

which can be hugely beneficial in instances where the managed whole is a 

complex system with many moving parts and features (such as smart cities). 
Based on their functionality and usefulness when used in tandem with other 

developmental procedures, it is safe to say that maturity models focused on 

smart cities will continue to stay relevant for the continued assurance of qual-
ity and continuous development.  

5.3  Applicability of the Smart Readiness Indicator in ma-

turity modeling 

The building sector is fragmented, with many different stakeholders being 

involved during the long lifecycles of buildings. As such, the goal of the SRI 
is to provide all the different stakeholders with a concise and comparable way 

to understand and realize building smartness and its respective value crea-

tion streams. The SRI lends itself to maturity analysis, as it provides a way to 
effectively quantify and visualize smartness. The use of functionality levels 

specified in this section closely resemble the four levels of maturity intro-
duced earlier. Additionally, the SRI’s focus on quantifying the functionality 

of smart technologies suits maturity modeling perfectly, as maturity evalua-

tion has previously seen extensive use in the evaluation of individual tech-
nologies and the level of their implementation. The first inquiries into the 

usefulness of a Europe-wide smart indicator were done in 2017, when pre-

liminary drafts of the SRI framework were first presented (European Com-
mission and Smart Readiness Indicator (SRI), 2022b). According to the EC, 

energy savings of up to 30 % can be obtained through the implementation of 
smart solutions (European Commission and Smart Readiness Indicator 

(SRI), 2022a). Smart building solutions, together with the refined SRI frame-

work were introduced as vital components of the revised 2018 version of the 
EPBD (EPBD), 2018). The SRI assesses building smartness through qualita-

tive rating of services in three main characteristics (European Commission 

and Smart Readiness Indicator (SRI), 2022a): 

1. Adapting to the needs set by the building operations  

2. Adapting operations to the needs of the occupant (e.g. health, comfort, 
well-being, etc.)  

3. Adapting to signals from energy grids (energy flexibility and demand 

fluctuation)  

The three main characteristics are further detailed in seven sub-categories, 

with clear connections to the main characteristics. The needs of the occupant 
are expanded upon in four additional sub-categories: comfort, convenience, 
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health, well-being and accessibility, as well as information to occupants. 
Building operations are further elaborated upon in the energy efficiency and 

maintenance and fault prediction sub-categories. The capability to adapt to 

signals from the energy grid are measured in the energy flexibility and stor-
age sub-category. (European Commission and Smart Readiness Indicator 

(SRI), 2022a) 

Finally, in order to assess and score all the different smart services, a further 
nine technical domains are defined. These are: heating, cooling, domestic hot 

water, ventilation, lighting, dynamic building envelope, electricity, electric 
vehicle charging and monitoring and control. In the assessment, detailed 

scores are provided for 57 service categories by aggregating the nine technical 

domains with the seven sub-categories, and lastly with the three main char-
acteristics. (European Commission and Smart Readiness Indicator (SRI), 

2022b) The central SRI framework is presented in Figure 3. 

 

Figure 3: Main features of the SRI framework. Based on European Com-

mission (2022) 

There are two methods to SRI analysis, a simplified and a detailed method. 

Both methods come with their respective service catalogues, to give users the 
option to choose the version which fits their needs best. The simplified ver-

sion is best utilized for evaluating existing residential buildings or other 

buildings of smaller scale and intricacy. The detailed method presents a 
framework for the evaluation of more complex buildings and is typically used 

for new buildings and non-residential buildings. Self-assessment is possible 

with the simple method, while the detailed method requires the assistance of 
a specialist invested in SRI methodology. A combination of the two can be 

used if the specific characteristics of the assessed buildings demands it. (Eu-
ropean Commission and Smart Readiness Indicator (SRI), 2022b) 
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The need to determine the level of implementation of smart systems is an 
issue which complicates the practical usability of the SRI program, as the SRI 

rating system does not consider the level of implementation of the managed 

service (al Dakheel et al., 2020). It merely assesses if a building “has or could 
use” a certain service (European Commission and Smart Readiness Indicator 

(SRI), 2022b). Data collection plays a major role in the scoring distribution, 

as the complex nature of buildings and fragmented documentation makes 
coherent data collection challenging (Vigna et al., 2020). In fact, most of the 

research on the matter seemed to agree with the fact that the current imple-
mentation of the SRI leaves too much room for subjective interpretation 

(Janhunen et al., 2019; Märzinger and Österreicher, 2019; al Dakheel et al., 

2020; Vigna et al., 2020).  

Despite the subjective nature of SRI data collection, the SRI remains a valu-

able tool for promoting smart system implementation. The need for a stand-

ardized smart measurement tool is justified, considering the novel nature of 
the concept. Assessing smart functionality without an overarching standard-

ized model would be nigh on impossible, as smart solutions pervade almost 
all facets of building management and operation. Construction projects are 

notorious for being very complex, involving numerous building stakeholders 

during the long process. Having a common language for smartness will help 
stakeholders discuss and develop the applicability of smart solutions.  

As was stated before, SRI assessments are well-suited for the analysis of in-
dividual smart system functionality. Themes such as ecological sustainability 

and operation expenses are easily quantifiable by analysing electricity con-

sumption and maintenance. The SRI is ill-suited to address more abstract 
themes, such as internal and external interaction within SBs and economic 

and social sustainability, because of its technologically inclined nature. To 

create a more all-encompassing theoretical framework, the SRI could be 
combined with maturity modelling and the previously mentioned dimen-

sions of smartness. A more inclusive framework is now achieved by ap-
proaching maturity modelling from a more evolutionary, end user oriented 

perspective. Using those more abstract central dimensions of smartness in 

tandem with the technical approach of the SRI as a basis for the smart ma-
turity evaluation gives a more complete view on smart maturity, both from a 

cultural and technical point-of-view.  
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6 Methodology  

This chapter marks the end of the first part of the thesis. The first part pre-

sented the theoretical framework and background of the following empirical 

study. A multiple-case study, divided into SRI analyses and semi-structured 
interviews, comprises the second part of the thesis. This chapter sheds light 

on the research design framework and the research methods and processes 
used to gather and analyze the data.  

6.1  Research design 

Research can be qualitative or quantitative, and in some cases even mixed. 

The difference between qualitative and quantitative research is based on the 
type of data assessed and its methods of collection and analysis (Creswell and 

Poth, 2016). Qualitative research strives to understand the subjective mean-

ing certain topics have to different people, while quantitative research is cen-
tered around relationships between variables. Qualitative research designs 

include grounded theory, narrative research and case studies. Some notewor-

thy forms of quantitative research designs are surveys and correlational de-
signs (Creswell, 2014). Although quantitative research is generally seen as 

more “scientifically sound” than qualitative research, qualitative research has 
been shown to be a highly credible form of research in the right circum-

stances when faced with a research problem that is nonquantifiable and 

based on a phenomenon (Creswell and Poth, 2016).  

Qualitative research leaves more room for subjective interpretation than 

quantitative, which makes re-enactment of the research more difficult than 
with quantitative methods. Qualitative and quantitative research should, 

however, not be considered polar opposites. A study may lean more towards 

one or the other, depending on the identified research questions (Creswell, 
2014). Qualitative research methods, such as open interviews, provide the 

interviewer with a more descriptive and interpretive result, while qualitative 

research methods, such as closed surveys, provide numerical data which con-
stitutes of variables (Creswell, 2014). A hybrid approach can be used, when 

the functionality of a single research approach is insufficient for the task at 
hand. This is called a mixed method (Creswell, 2014). 

Case study research is a relevant research design when the proposed research 

questions are “how” or “why” questions, there is little to no control of behav-
ioural events, and when the subject of the topic is contemporary and requires 

a more exploratory approach (Yin, 2018). Case studies produce an in-depth 

look of a phenomenon, process, individual or system by sampling data on the 
subject over a continuous period of time (Creswell, 2014). A multiple-case 

study, even a two-case study, lends the research more credibility than a 
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single-case study, as cross-referencing and comparing cases with each other 
diminishes the effect that unexpected deviancies might have on the results 

(Yin, 2018). Accessible data affects the choice of case(s) (Yin, 2018). How-

ever, in order to retain high comparability and credibility, research methods 
and experiments should be replicated as accurately as possible across cases 

(Yin, 2018).  

6.2 Research methods 

Research methods are as varied as the research approaches and designs 
which define them. Research methods include different forms of data collec-

tion and analysis, in addition to interpretation and validation. The key to 

finding suitable research methods is to recognize whether the intent of the 
study is to verify a predetermined outlook (quantitative), or to have the re-

sults organically appear from the study’s attendees (qualitative) (Creswell, 
2014). Quantitative research methods are in general more restrictive than 

qualitative research methods, seeing as the data collected is numeric and 

must be statistically sound. The themes and patterns which emerge from in-
terpreting qualitative data require a more open and thorough approach to 

data acquisition. (Creswell, 2014)  

The methods of data acquisition can be wildly different depending on the 
type of research approach chosen. Qualitative forms of data collection  in-

clude open-ended questioning, interviews and emerging methods. Open-
ended interviews often constitute more exploratory, general questions, which 

aim to gently steer the interviewee to explain their experiences and thoughts 

on a certain topic (Rapley, 2001). Pre-determined and instrument-based re-
search methods constitute quantitative methods of collecting data. (Creswell, 

2014) One of the major criticisms concerning qualitative research methods is 

their ungeneralizableness (Steckler et al., 1992). The perceptions and inter-
pretations of the evaluator are so intrinsically linked with the deductions 

made in a qualitative study, that drawing parallels to similar studies is diffi-
cult. On the other, while quantitative research methods provide a more ob-

jective result than quantitative, suitable instruments and measures are not 

always easy to come by. Scientifically accurate and reliable measures require 
significant investments of both time and capital to produce. (Steckler et al., 

1992) SRI methodology is interesting, as the data required is collected quali-
tatively (which is one of its main criticisms (al Dakheel et al., 2020)), but the 

result of the SRI assessment are quantitatively presented.  

6.3  Research process 

The focus of this study will be to provide insight into the role and status of 
user-related mechanisms and the maturity of smart systems in SBs. Applying 
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maturity theory to the study helps concretize how the pervasiveness of digital 
solutions has affected the functionality of shopping centres. The research 

questions mentioned in the introduction exist to guide the study and keep 

the focus firmly set on these aforementioned themes of user experience and 
maturity. The two case subject shopping centres are situated in the Helsinki 

Metropolitan Area (HMA). The case studies for each individual case are di-

vided into two sections. The first section consists of SRI analyses, where the 
smart readiness of the case subject is assessed in relation to the SRI frame-

work (European Commission and Smart Readiness Indicator (SRI), 2022a). 
In the second section, representatives of the case subjects are interviewed, 

with three to four interviews each. Comparing the qualitative data garnered 

from the interviews with the quantitative results of the SRI assessments, 
gives a more nuanced picture on how technical fidelity translates into mature 

and user-friendly processes.   

The two case buildings have quite similar technical prerequisites for the SRI 
assessments. Both represent modern shopping centre construction, as con-

struction for case A was finished in 2018 and case B underwent a large-scale 
refurbishment in 2008. Energy efficiency measures have been considered in 

both cases, as they have received platinum LEED certificates. Both shopping 

centres have quite a varied tenant mix of around 170 stores and restaurants. 
Basic property information for the two cases can be found in table 1 below.  

Table 1: Basic information on cases A & B (Redi, 2022; Sello, 2022). 

 Case A Case B 

Total retail floor area 64 000 m2 102 000 m2 

Year of construction 2018 2003 

Total number of stores 

and services 

175 c. 170 

Refurbished No Yes (2008) 

Sustainability certificates LEED Platinum LEED Platinum 

The SRI assessments consisted of interviews with the respective property 
managers of the case subjects. The SRI service catalogue mentioned in chap-

ter 5, is divided into 57 different services. The individual services have differ-

ent functionality levels, which range from non-smart to smart ready. The 
functionality level for each service was determined by discussions with the 

property managers. This approach to SRI evaluation leaves room for human 
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error, as the interviewed property managers might not always know exactly 
what features a certain service includes. When all the services are evaluated, 

the Microsoft Excel -based framework produces a summary of the case build-

ings’ smart readiness. The spreadsheet used in the evaluation is an official 
prototype document provided to SRI stakeholders by the EC. The necessary 

background of the SRI framework is presented in more detail in chapter 5. 

Between three and four interviews were conducted per case. Most inter-
views were performed live, with a few exceptions being done per Microsoft 

Teams. The interviewees are presented in table 2 below. 

Table 2: Interviewees for cases A & B. 

 

Role Case A Case B 

Property manager X X 

Real estate investor X X 

Shopping centre director X X 

Tenant  X 

No key tenant was interviewed in case A, as the turnover rate for tenants in 

case A was found to be high and no suitable interviewee could be found. In-
terviewees with differing backgrounds were chosen, as to guarantee as objec-

tive and inclusive a result as possible. Stakeholders well-versed in the build-

ings’ operations and function were favoured during the interviewee selection 
process. All interviews followed the same interview structure (see appendix 

A). The questions were based on central themes identified in the literature 
survey part of the thesis. The primary questions were centred around themes 

of interaction, sustainability, privacy and people flow. Follow-up questions 

were used to keep the interviews within the ramifications of the study. This, 
in conjunction with the quantitative results from the SRI assessments, slides 

the focus of the study more towards a mixed methods study, rather than a 

purely qualitative one.  

The interviews were recorded and transcribed. The interview data consists of 

these transcriptions. The data was analysed by cross-referencing interview 
results with each other. Common themes were identified, and parallels were 

drawn across cases. Noteworthy deviances from the wider consensus were 

also noted, as the absences might have wider implications. The themes iden-
tified in the results were then narrowed down to those most relevant to the 

thesis research questions. If a previously unidentified theme was repeatedly 
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brought up in the interviews by different interviewees, the result would be 
presented together with the previously recognized findings. The conclusions 

in the later part of the thesis were based on further comparing the results 

with the existing subject research in the first part of the paper. 
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7 Results 

The results of the SRI assessments and interviews concerning the two cases 

are presented in this chapter. The two cases are labelled case A and case B. 

The chapter is divided into two sections, focused on case A and case B respec-
tively.  

7.1 Case A: SRI assessments and interviews 

The results for case A are presented in this section. The first half details the 

results of the SRI assessments, and the second half the results from the in-
terviews. 

 

Figure 4: Results of SRI assessment, case A 

The results of the SRI assessment for case A can be seen in Figure 4. The total 

SRI score is an average 42 % for case A. The main characteristics of energy 
efficiency and user-responsiveness both reach above average values, with 

user-responsiveness reaching a respectable 64 %. A low 6 % grid-response 
score highlights that the building does not interact with its surroundings, nor 
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store energy to counteract sudden changes in electricity usage. Case A 
reached high functionality levels in services relating to comfort and general 

user well-being, which is reflected in the user-responsiveness characteristic 

score. The highest domain score for case A is the electric vehicle charging 
domain, which reaches a full 100 %. The other domains reach average scores 

around 50 %. The domestic hot water domain reaches a score of 43 %. The 

SRI assessment allows the selection of the applicable services. Thus, because 
of district heating, only one service in the domestic hot water domain was 

evaluated as part of the assessment. The smartness of the service was com-
pliant to functionality level 1 in the SRI framework affecting the final scoring 

of the domain. It should be noted that the domain dynamic building envelope 

is excluded from the SRI assessment. The dynamic envelope domain, while 
central in SRI assessments, sees limited use in buildings with very few win-

dows (such as the examined shopping centres). 

The interview questions were built around themes of interaction, sustaina-
bility, privacy and people flow, which were recognized during the literature 

review as key features of smart environments. Key themes from the litera-
ture, in addition to topics identified during the interviews are summarised in 

table 3 below. Themes which featured prevalently during the interviews were 

used to expand and redevelop the list of themes. The themes identified from 
the interviews are marked in table 3 with an asterisk (*). The respective im-

pact level that an interviewee thinks a certain theme has, is divided into three 
levels in table 3. No impact is marked with “-”, slight impact with “+”, and 

high impact with “++”. 

Table 3: Key themes identified in case A interviews. 

Role 

Theme 

Property 

manager 

Investor Shopping 

centre di-
rector 

Sustainability is important 
in shopping centres  

+ + ++ 

Consumers and users are 

more sustainability aware 

+ ++ ++ 

Shopping centre business 

models are shifting to-

wards a more service-ori-
ented model 

-  ++ + 
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Shopping centres have a 
societal impact as social 

hubs 

++ ++ + 

Hybrid forms of retail are 

the future* 

- + ++ 

Indoor positioning and 

careless data collection 
could become a privacy is-

sue* 

- + - 

Smart features provide 

tangible benefits for build-
ing management and/or 

building operation man-

agement* 

++ + + 

Central themes of the interviews for case A can be seen in table 3 above. Sus-
tainability, especially ecological sustainability, was identified by all inter-

viewees for case A as a key driver in commercial real estate. All interviewees 

recognized that consumers were becoming more sustainably aware, com-
pared to previous years. Shopping centres were found to have a wider societal 

impact sustainability wise then merely ecological. All interviewees high-

lighted the importance of the shopping centre as a key enabling part of the 
surrounding city structure, both as social spaces and spaces for commerce. 

The investor pointed out the challenge of combining shopping centres with 
sustainable thinking, as the concepts are fundamentally different on an ide-

ological level. The shopping centre director emphasised, however, that be-

cause of their status as a key component of the city structure, shopping cen-
tres have an obligation to provide consumers the option to be sustainable, 

e.g., by promoting second-hand clothing as an option to fast fashion. The de-

velopmental and constantly changing nature of the shopping centre business 
environment was brought up by both the investor and the shopping centre 

director. Both believed that the role of shopping centres is becoming more 
and more service oriented. The rise of e-business was seen as a major devel-

opment point by both the investor and shopping centre director, with both 

suggesting hybrid forms of retail as the logical next step in retail develop-
ment. While more advanced forms of digitalization, such as AI, might see 

practical use in future SBs, the investor believes that their current iteration 
is too dependent on human optimization and interaction to be of actual use.  

7.2 Case B: SRI assessments and interviews 
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The results for case B are presented in this section. The first half details the 
results of the SRI assessments, and the second half the results from the in-

terviews. 

 

 

Figure 5: Results of SRI assessment, case B 

As we can see from the results of the SRI assessment presented in Figure 5, 
case B reaches very high scores of smart functionality in most categories. The 

total SRI score reaches 97 %. The impact categories all reach scores of 90 % 
or more as well. This is also reflected in the technical domains, with four do-

mains reaching a full 100 %. These domains are domestic hot water, cooling, 

lighting and electricity. A major reason for this is the on-site energy storage 
and production, courtesy of a massive battery and solar panels. The battery, 

combined with its interaction with the surrounding energy grid, provides 

case B with remarkable energy flexibility, which is reflected in the 98 % score 
for the grid-response characteristic. The lowest technical domain score is 

electric vehicle charging with a score of 71 %. The domestic hot water domain 
reaches a score of 100 %. The SRI assessment allows the selection of the ap-

plicable services. As for case A, district heating is in use in case B, and so only 

one service in the domestic hot water domain was evaluated as part of the 
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assessment. The smartness of the service reached functionality level 4 in the 
SRI framework affecting the final scoring of the domain. As was specified for 

case A, the dynamic building envelope domain was not relevant in the case of 

a shopping centre, due to the absence of windows. The domain was thus ex-
cluded from the assessment. 

The same themes were used for the interview structure for case B, as for case 

A. Additional themes identified during the interviews are denoted by an  as-
terisk (*). The respective impact level that a theme has, according to a certain 

interviewee, is divided into three categories. No impact is marked with “ -”, 
slight impact with “+”, and high impact with “++”. The themes and their im-

pact levels have been summarised in table 4 below.  

Table 4: Key themes identified in case B interviews. 

Role 

Theme 

Property 

manager 

Investor Shopping 

centre di-
rector 

Tenant 

Sustainability is im-

portant in shopping 

centres  

++ ++ ++ + 

Consumers and users 

are more sustainability 
aware 

+ + + ++ 

Shopping centre busi-
ness models are shift-

ing towards a more ser-
vice-oriented model 

+ + + + 

Shopping centres have 
a societal impact as so-

cial hubs 

++ + ++ - 

Hybrid forms of retail 

are the future* 

- + ++ + 

Indoor positioning and 

careless data collection 
could become a privacy 

issue* 

+ ++ + - 
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Smart features provide 
tangible benefits for 

building management 
and/or building opera-

tion management* 

++ ++ + - 

Central themes of the interviews for case B can be seen in table 4 above. Sus-

tainability was seen as a key element of the shopping centre’s business model  

by all interviewees. The property manager for case B found smart solutions 
to be especially well-suited for supporting sustainability. He argued that the 

basis of sustainability is fundamentally linked to constant monitoring and 
preemptive maintenance, functions which smart systems are well-equipped 

to address. The investor, however, pointed out that while the usefulness of 

smart systems is widely appreciated, there exists only a select few represent-
atives per organisation who are well versed in smart system functionality. 

Consumers were also found to be more sustainably inclined, compared to 
previous years. The investor argued that sustainability awareness is affected 

by location, as she found consumers to be generally more sustainable in the 

Helsinki metropolitan area and other Finnish urban areas, than in rural Fin-
land. The wide-scale effect that changing consumer habits have on retail 

forms was repeatedly brought up by all those interviewed. The shopping cen-

tre director emphasised that shopping centres have a societal obligation to 
act as role models for consumers, by favouring sustainable products and hab-

its. Privacy was seen by most parties to be of utmost importance, in relation 
to the important societal role of a large-scale shopping centre. Most repre-

sentatives, however, felt that digital tools have an important role to play in 

the everyday goings-on and management of such a complex building. Data 
collection was thus viewed as a necessary evil. The changing role of retail in 

relation to services were identified as a current trend by all. Most of those 

interviewed felt that some sort of combination of e-business and on-site retail 
is necessary, in order to guarantee the competitiveness of traditional on-site 

retail. Transparency and user engagement was implied to be crucial for suc-
cessful building operations management by the shopping centre director.  
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8 Discussion 

The central findings of the study are detailed in this chapter. The applicability 

and reliability of the results is also discussed, as well as possible future re-

search. The results are analysed in together with the key concepts of maturity 
and SB definition identified in the first part of the study. 

 

8.1 Key findings 

The previously presented research questions were a result of discussion on 
the current state of smart city and SB research and their respective defini-

tions. The questions are presented below: 

1. How has smart maturity evolved in shopping centres? 

a. What is the smart maturity level of shopping centres in Fin-

land? 

b. How is the current level of smart maturity perceived by key 

stakeholders? 

2. How are the end user requirements for shopping centres represented 
in SBs? 

Research question 1 is focused on smart maturity and is divided into two sub-
sections. Regarding question 1a, the maturity level of the studied shopping 

centres seems satisfactory. In this study the SRI framework was used as a 

maturity model, to assess the technical maturity level of the cases. The as-
sessed cases had high levels of technical fidelity present, but knowledge 

among stakeholders on smart systems remains very low, which limits their 
practical expression beyond building management. Moving on to question 

1b, the current level of smart maturity is perceived by key stakeholders as 

high. Smartness was seen by nearly all interviewees as a beneficial feature, 
with an overall positive effect on the functionality of a building.  

Regarding research question 2, there seems to exist a disparity between user 

knowledge on smart features and realized smart functionality. While SBs are 
in general well-equipped to respond to user needs, most users are not aware 

of their self-regulating nature. User requirements for shopping centres are 
also seldom unambiguous, even within the same building. The heterogenous 

userbase and their varied requirements challenge smart systems to find a bal-

anced optimum of building functions, where most user requirements can be 
met. The present maturity of smart systems in shopping centres while satis-

factory, is still quite limited in its scope. Smart functionality is mostly used 

for technical building management, and as such, some user requirements 
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must be expressed through human interaction, as sufficient interplay be-
tween smart system and user is not yet present. This all leads to user require-

ments seeing varying levels of representation in SBs, depending on the na-

ture of requirement. Basic needs of comfort and convenience are handled 
well in smart environments, as internal conditions of a shopping centre are 

relatively easy to manage. More specific requirements require a more nu-

anced application, where issues related to privacy might come into play.  

The complex and multifaceted nature of the problem becomes evident when 

the results from the SRI assessment are discussed together with the results 
from the interviews. The only representatives well versed in smart function-

ality were the property managers, who had satisfactory knowledge on SB 

functionality. Even they, however, were not fully aware of the more technical 
aspects of smart functionality, e.g. automation, which was in both cases ex-

ternalized to a third party. Having smart system control and maintenance in 

the hands of a select few individuals, with most of its more advanced features 
managed by external sources, might prove to be an issue when trying to as-

sure the lasting continuation of the real estate. The SRI framework, while 
comprehensive in its scope on technical features, simply details if a certain 

feature is present in the building, not if it is in active use. In case A, while the 

SRI score for electric vehicle charging reached a full 100 %, the interview with 
the property manager revealed that most electric vehicle charging features, 

such as two-way charging, were not in active use and would not be for a few 
years yet. It is evident that although even highly advanced smart features ex-

ist in both A and B cases, their actual use leaves room for improvement and 

is dependent on human interaction, organisational and economic policies. 
The property manager for case B argued that as electric vehicle charging is 

undergoing massive leaps in technological advancement, it would be a waste 

of resources to install soon-to-be outdated technology. Although comprehen-
sion on smartness was negligible among the interviewees, most perceived 

smartness as a net positive building feature. Smartness was found to have a 
positive effect on real estate value in many ways, not just from a cost mini-

mization point of view. Marketing and branding were used as examples of 

positively affected aspects.  

As was previously described, maturity assessments are designed to gauge 

how effective certain processes or features are. One could argue that as most 

representatives in cases A and B were not even aware of what capabilities SBs 
have, there remains a lot of untapped potential in each case. Some stakehold-

ers recognized that more inclusive smart system utilization might prove ben-
eficial to all parties, as the data collected by smart sensors could be used to 

promote transparency and fairness. Additionally, the SRI assessments and 

following interviews also brought to light the issue of existing, but unutilized 
smart features (e.g. electric vehicle charging in case A). The results of the SRI 
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assessments, together with the attitudes and themes identified in the inter-
views seem to imply that the process of becoming smart ready is still ongoing 

in both cases A and B. The maturity model synthesis by Fraser et. al (2002), 

with its evolutionary structure seems well-suited to act as a foundation for 
the visualisation of smart maturity for cases A and B. The levels of maturity 

present in the model act as benchmarks for the combination of technical fi-

delity and subject comprehension. An estimate on SB maturity for cases A 
and B can be found in Figure 6.  

 

Figure 6: Maturity of smart building features and their implementation in 

cases A and B, based on a simplified maturity model by Fraser et. al (2002) 

The assessments on maturity level were based on the technological smart ca-

pabilities of the respective cases, their usage and implementation, as well as 
how ingrained their functionality is on a cultural level. It should be empha-

sised that the technical fidelity of present smart systems constitutes but a 

fraction of the total maturity level, which is why the SRI scores might be mis-
leading. In case A, average-level smart capabilities in correlation with the 

limited everyday usage and knowledge of them results in case A reaching a 

maturity level of two. Case B shares many of the same organisational and 
cultural challenges concerning smart functionality as case A, but compen-

sates for it by having a much higher level of technical fidelity than case A. 
This results in a maturity level of three, as the smart systems, while advanced, 

are not used to their fullest potential. They see efficient use in building man-

agement, where the real-time monitoring is used to great effect. The ineffi-
ciencies in application seem to originate in organisational and cultural atti-

tude, as the technological prerequisites are mostly more than sufficient.  
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This issue of organisational stagnation becomes especially prudent when ap-
proaching issues such as digitalization and the modernisation of real estate 

and retail. The interviewees were almost without exception of the opinion 

that shopping centres and other modern retail, should incorporate digitali-
zation as a more central part of their operations. The notion of a hybrid 

model, combining features of e-business with traditional on-site retail was 

brought up repeatedly, and was seen as the next logical step in retail devel-
opment. Hybrid models aim to provide a solution to the issue of shopping 

centres losing revenue streams to online markets. The revenue stream issue 
has wider consequences, as struggling retail environments will require rede-

fined tenant-owner relationships, which are more flexible and symbiotic in 

nature, among other reforms. Changing tenant-owner relationships, multi-
channel retail and changing consumer preferences have all been identified as 

future features of post-COVID-19 retail environments (Nanda, Xu and 

Zhang, 2021). The question then rises, if changes in retail paradigm are iden-
tified as necessary by even the higher-ups, why are no considerable reforms 

being actively planned? Very few, if any, interviewees had tangible sugges-
tions on how to carry out this digital reform. Perhaps a contributing factor is 

again the limited knowledge on SBs and digitalization in general. It should 

be underscored that the organisational issues and lack of understanding con-
cerning smartness does not mean that the observed cases underperform or 

fail to deliver in their main functions. The shortcomings raised in this study 
are merely observations on organisational attitude and digital assimilation 

and help highlight some of the untapped potential related to smart systems. 

8.2  Addressing the definitional issue 

The SB frameworks presented in the first part of the study, while all slightly 

different, share many similarities, both on a theoretical and functional level. 
The ideas of sustainability, energy efficiency, flexibility, adaptability, as well 

as user comfort and satisfaction are all central themes, which are well repre-
sented in most SB frameworks. The varying existing research emphasize the 

fact that most SB frameworks are by no means exhaustive (al Dakheel et al., 

2020; Froufe et al., 2020). They are born as a product of many years of tech-
nological and societal advancement, and as such, represent the particular 

characteristics of our contemporary societies and trending views in construc-
tion (Buckman, Mayfield and Beck, 2014; al Dakheel et al., 2020; Froufe et 

al., 2020; Panchalingam and Chan, 2021). As such, the focus on individual 

progressive technologies is warranted, although limiting in its scope. While 
social issues are increasingly taken into account (Winkowska, Szpilko and 

Pejić, 2019), technological aspects still seem to reign supreme in academia . 

This notion was shared in the interviews, with most stakeholders, especially 
those with limited previous knowledge on SBs, perceiving smartness as tech-

nologically advanced building management, with limited applicability 
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beyond that. Sources seemed undecided on what exactly constitutes a SB, and 
what defines it. By cross-referencing previous research on the matter with 

the results of the case study, we see that the prevailing view on SB definition 

is thus perhaps limited in its capabilities to define more complex commercial 
buildings. More simple residential buildings are easier entities to manage, as 

the user-response processes and requirements are related to only a select few 

individuals. What became clear from the interviews is that there exists a dis-
parity between shopping centre user and stakeholder knowledge on smart 

features. This becomes challenging, as a central tenet of most SB definitions 
is user-responsiveness. If most users are unaware of what SBs are and how 

they work, can their needs and requirements be fully accounted for? Can SBs 

always function at their full potential if much of their functionality is exter-
nalized?  

The definition issues imply that the division of smart environments into ex-

plicit categories, be it smart cities, SBs or something else, is limiting in and 
of itself. In simple residential smart homes this definitional issue is less prev-

alent, as users are usually limited to a select few. In this case, the focus on 
smart technologies is warranted, as efficient building management is the pri-

mary concern of the occupants. Complex non-residential smart buildings 

(such as shopping centres) on the other hand have a profound impact on their 
surroundings on a societal level. The buildings are used as social spaces, traf-

fic hubs and more, which brings with it a social responsibility. Due to their 
high societal impact, the decision-making process related to their develop-

ment cannot be left to the devices of individual organisations or private ac-

tors. Public interference, legislation and subsidies all help guide actors to-
wards favouring more sustainable and long-term construction. These com-

plex buildings have more in common with smart cities than simple residen-

tial SBs, as practical implementations often include intricate chains of inter-
connectivity and a myriad of different users and stakeholders. As such, it 

would be warranted t0 approach SB definition on a case-by-case basis, where 
the building’s operations model and functionality are determined by its pur-

pose of use. An expanded SB framework based on the aforementioned obser-

vations is proposed as the basis for more user-centric non-residential SBs. 
The framework combines existing SB features with smart city aspects. The 

framework is presented in Figure 7.  



51 

 

 

Figure 7: Non-residential smart building composition, based on a smart 

building definition by Al Dakheel et al. (2020), combined with features of 

Giffinger et al. (2007) smart city framework.  

The need for more inclusive, smart ready management was identified in re-

lation to the results from the interviews, which seemed to imply that smart-
ness is neither widely used nor understood in everyday building operations. 

The SB framework presented by Al Dakheel et al. (2020), while comprehen-

sive on a technical level, fails to properly capture the extent of user response 
features needed to manage the myriad streams of user relations present in 

more complex non-residential SBs. To address this shortcoming, the smart 

people and smart governance aspects of the smart city framework by 
Giffinger et al. (2007) were introduced as an expansion to the SB framework 

(as can be seen visualized in Figure 7).  

In the case of more complex, non-residential SBs, smart governance and the 

management of both human capital and technological assets is needed to 

maintain maximum efficiency Monitoring and sharing real-time data with 
tenants could prove beneficial in bridging the knowledge gap between users 
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and stakeholders and building trust. By engaging users to interact with the 
building’s smart systems and educating them on the proper usage of all avail-

able resources, leadership can positively affect user satisfaction. Good and 

transparent decision-making and communication is an integral part of smart 
governance. These features also provide a solid foundation for building trust 

through modern and reciprocal forms of the aforementioned tenant-owner 

relationships. Up to speed users are more likely to innovate and interact with 
organisational goings-on. Knowledgeable and invested users would also help 

alleviate some of the problems related to smart system maturity on an organ-
isational level and dispel some of the unnecessary mystery surrounding the 

concept. One possible way of engaging users is through EUD. By having users 

participate in the smart system development process, during the building’s 
operational period, feedback and development proposals are processed in 

real-time. Research also shows that a more participatory approach to SB de-

velopment raises user satisfaction and performance, as was stated in chapter 
3. This could also help alleviate some of the inefficiencies related to the pres-

ence of too many intermediaries, as users would be able to address some of 
the challenges related to smart system application directly themselves. There 

however exists the risk of user interference negatively affecting SB perfor-

mance, as users might not always act rationally and do the fundamentally 
“right” thing. Users might act selfishly and prioritize their own comfort, in 

favour of more widespread financial and/or ecological benefits. Naturally, in 
order to counteract this, a certain degree of control should always remain in 

the hands of property managers and other technical representatives.  

8.3  Applicability of the results 

It should be noted that while the results from the research bring to light is-

sues related to the level of comprehension regarding SBs, this is only part of 
the truth. The nature of the research as qualitative research leaves a lot of 

room for subjective interpretation. The SRI results, while quantitative, where 
born as a result of qualitative discussion and interpretation. As such, the 

scores should be viewed as indicative, not decisive. The same applies also for 

the results from the interview, perhaps doubly so, as the process of collecting 
and analysing the data is more even more author-driven and prone to bias. 

The cases also represent quite a limited sampling. However, the interviewees’ 
stature and roles within their respective organisations ensure the relevancy 

of the data collected by interview. Recurring themes gain newfound credibil-

ity, as they are acknowledged by actors with differing backgrounds. The 
widely different backgrounds also provide a comprehensive view on user re-

quirement, expression, as well as how they are acknowledged within the or-

ganisations. Subjective bias concerning the subject matter is minimized by 
giving both users (tenants) and owners the opportunity to express their views 

on user related issues. Although the results are by no means conclusive, they 



53 

 

can be viewed as representative of the wider consensus and attitudes con-
cerning smartness. As smartness gains wider international appreciation, and 

is implemented on a societal scale, the suggested disparity between technical 

fidelity and actual practical usage of smart systems should be accounted and 
planned for when developing smart construction projects. 

8.4  Possible future research 

The composition and specific requirements of more complex SBs could be an 

interesting research topic moving forwards. Moving away from the limited, 
technologically focused viewpoint that is prevalent in most existing research, 

could help organisations innovate and optimize their organisational struc-

ture to better accommodate for the ever-changing market trends. This will be 
especially prevalent as those hybrid forms of retail become commonplace and 

the role of retail changes to have an even larger societal impact than now. 
Another interesting subject is that of the “prosumer”. Moving towards a more 

customized, individual user experience requires a fundamental shift in atti-

tude. The impact of a more participatory process and the role of digital and 
smart tools as part of the process should be measured and accordingly put 

into practice. Perhaps most prudently, the actual value created by smart so-

lutions should be thoroughly investigated.  

The “smartwashing” which happens when smart systems are implemented 

without proper understanding of the concept, in order to appear more mod-
ern and sustainable, results in expensive and ineffective processes. By clearly 

mapping out the various means through which smart solutions provide value, 

future smart environments could be made more expedient and efficient, with 
most likely a fraction of the investment. Frameworks detailing the workings 

of SBs could be instrumental in explaining smart functionality to less in-

vested stakeholders in a project. The SRI framework, with its simple struc-
ture and understandable output is on the right path, despite its mainly tech-

nological focus. Research focused on smart cities was in general more in-
ventive and wide-ranging in scope, compared to SB research. In the future, 

perhaps it would be more practical to instead approach the subject matter 

under the all-inclusive concept of a smart environment. This might help re-
searchers identify different cross-conceptual relationships and approach the 

concept from a multi-disciplinary point-of-view. Human-centred design and 
behavioural psychology are but a few examples of previously perhaps unor-

thodox approaches which could be used in smart environment research, as a 

way to understand and evolve user behaviour.  
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A. Interview structure 

The following themes were discussed in the interviews. All four themes have 

a number of sub-questions related to them, with the purpose of keeping the 

focus of the interviews on themes related to smartness. The research struc-
ture is presented in both Finnish and English.  

Finnish 

Teema 1: Kestävyys (ekologinen, taloudellinen ja sosiaalinen) 

- Miten käyttäjät kokevat kestävyyden?   

- Miten kestävyys näkyy kauppakeskuksen arjessa?  

- Miten kestävyys tuo arvoa kauppakeskukselle? 

- Miten kauppakeskus voisi tukea kestävyyden muita ulottuvuuksia 

(ekologisuuden lisäksi)? 

- Onko kiertotalouden ulottuvuuksia yhdistetty kauppakeskuksen toi-
mintaan? 

- Miten verkkokauppa on vaikuttanut kauppakeskuksen rooliin? 

- Millaisia energiatehokkuustoimenpiteitä kauppakeskuksessa on to-
teutettu?      

Teema 2: Käyttäjäkokemus   

- Miten kauppakeskus tukee asiakkaan kokemusta?  

- Miten kauppakeskus opastaa asiakkaan haluaman tilan mukaan? 

- Miten digitaalisuus tukee osallistumista/yhteisöllisyyttä? 
     

Teema 3: Vuorovaikutus ja yksityisyys (rakennuksen ja käyttäjän välillä) 

- Miten kauppakeskuksien vaikutusta ihmisten hyvinvointiin voisi mi-

tata? 

- Miten käyttäjäpalaute kerätään ja käsitellään?   

- Miten käyttäjien yksityisyys varmistetaan?   

Teema 4: Liikenne ja liikkuvuus (ihmisvirtojen hallinta) 
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- Miten ohjataan ihmisvirtojen tulo rakennukseen ja rakennuksesta 
poistuminen (autolla, julkisilla, pyörällä ja jalan)? 

- Miten rakennuksen sisällä olevien ihmisvirtoja ohjataan? 

English 

Theme 1: Sustainability (ecological, social and economic) 

- How do users perceive sustainability?   

- How is sustainability expressed in the shopping centre?  

- How does sustainability bring value to the shopping centre? 

- How can the shopping centre support the other facets of sustainability 

(in addition to ecological sustainability)? 

- Do the shopping centre’s operations integrate aspects of circular econ-
omy? 

- How has e-business affected the role of shopping centres? 

- What energy efficiency measures have been implemented in the shop-

ping centre?      

Theme 2: User experience   

- How does the shopping centre support user experience?  

- How are users guided based on their target space? 

- How does digitalization support the sense of community and partici-
pation?      

Theme 3: Interaction and privacy (between user and building) 

- How can the effect of shopping centres on user well-being be meas-

ured? 

- How is user feedback collected and analyzed?   

- How is user privacy guaranteed?   

Theme 4: People flow management 
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- How is people flow into and from the building managed (by car, public 
transport, bike or as a pedestrian)? 

- How is internal people flow managed? 
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