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Abstract 

The contribution of the real estate industry to the global and regional economy is remarkable, yet 
in today’s evolving digital technology and digital economy, the digital transformation of the real estate 
industry is lagging behind other industries. This is, on the one hand, due to the solidified processes 
and systems linked to the upstream and downstream real estate industries, and, on the other hand, due 
to the fact that digital technology disrupts traditional ways of doing business, making the industry full 
of uncertainty. The digital transformation of the real estate industry is a broad and emerging concept. 
Various related research fields are concerned with the penetration and application of different innovative 
technologies to the industry. This study provides a systematic review focusing on the field of smart 
real estate using the bibliometric analysis approach under the guidance of PRISMA. The bibliometric 
analyses were performed in RStudio by utilizing 22 scientific documents indexed in Scopus and Web of 
Science that were published from 2012 to 2022. The findings suggest that: (i) smart real estate research is 
still a new but rapidly emerging field; (ii) only limited academic institutions from a few countries, such as 
the University of New South Wales in Australia, have shown significant contributions; (iii) the research 
exhibits specific collaborative network characteristics, leading to a high concentration of authors and 
citations; and (iv) data-driven topics such as “machine learning,” “information management,” “data 
analytics” and “big data” indicate a high degree of research density and centrality.
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Introduction

Digital technologies are driving worldwide 
innovation and disruption across numer-
ous industries. However, the real estate 

industry has been slow to embrace technology, and 
this trend may take some time to catch on [1]. The real 
estate industry is thought to be difficult to innovate in 
due to the presence of hard barriers in solidified pro-
cesses and systems [2], and digital technologies also 
present disruption to the old way of doing business 
and necessitate significant changes by organizations 
to compete in the new environment [3]. Smartness is 
always an indicator for innovative digital technology, 
and the real estate industry is empowered with such 
smartness through the applications of several tech-
nologies, including virtual and augmented realities 
(VR and AR), big data, robotics, 3D scanning drones, 
clouds, software as a service (SaaS), wearable tech-
nologies [1], digital twin, and CyberGIS [4]. The real 
estate industry plays a pivotal role in economic devel-
opment at both global and regional level; therefore, it 
is imminent to promote the digital transformation of 
the real estate industry and conform to the transfor-
mation of Industry 4.0 [5] and Marketing 4.0 [6]. 

The purpose of this study is to systematically 
review the extant literature on smart real estate asso-
ciated with a bibliometric analysis, to investigate cur-
rent theoretical developments in the literature, and to 
provide future guidance for both academic scholars 
and industry practitioners. In line with the purpose, 
this study develops a novel approach to the design 
science research methodology of business informatics 
by introducing the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) [7].

This study is organized as follows: the first sec-
tion introduces the research background and purpose 
of the study; followed by the materials and method 
section, which illustrates the PRISMA flowchart of 
identification and selection of scientific documents 
used for bibliometric analysis; the third section pro-
vides in-depth insights through the aspects of (i) the 
development trend of the research field; (ii) the per-
formance of countries and institutions; (iii) trends in 
authorship and collaborations; and (iv) the analysis 
of keyword co-occurrences and thematic evolution. 
Finally, the conclusions and limitations of the study 
are shown.

1. Materials and method

A systematic review is a review that uses specific, sys-
tematic approaches to collect and synthesize the find-
ings of studies that address a clearly defined research 
purpose [8]. This study employed the PRISMA 
approach (hereafter referred to as the PRISMA 2020 
statement), one of the most frequently consulted 
approaches for mixed quantitative and qualitative sys-
tematic reviews [7]. Unlike previous established design 
science research of purpose-oriented study, such as 
Archer’s six-step design science research of program-
ming, data collection and analysis, synthesis of objec-
tives and analysis results, development, prototyping, 
and documentation [9, 10], the PRISMA approach 
contains a 27-item checklist with detailed explana-
tions of each item considered essential for reporting 
in systematic reviews, which make such an approach 
distinctive and enable researchers to provide a trans-
parent, complete, and accurate process while exploring 
the state of knowledge in a chosen research field and 
identifying future research priorities [7].
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On the first stage of scientific document identifica-
tion, the two main scientific bibliographic databases 
[11], Web of Science (WoS) and Scopus, were selected 
for bibliographic data retrieval. The search query 
“smart real estate” was entered into the topic search in 
Web of Science and “TITLE-ABS-KEY” in Scopus. 
In order to ensure data synchronization, data retrieval 
was done for both databases on the same day, January 
9, 2023. Differing from some similar systematic stud-
ies (e.g., [12]), the search was not limited by the Web 

Fig. 1. PRISMA flowchart for scientific  
documents identification and selection.

of Sciences core bibliographic collections (e.g., the 
Social Sciences Citation Index (SSCI)) and no time 
constraints were set, which were operated similarly in 
Scopus, and the language of the documents was lim-
ited to English for both databases. A total of 38 ini-
tially identified scientific records of smart-real estate 
relevant studies were obtained, of which 22 were 
included in Scopus and 16 in the Web of Sciences. 
Both bibliographic metadata were imported into 
RStudio during the second stage of document screen-
ing in order to detect duplicate records and merge 
the two bibliometric datasets using the bibliometrix 
package in RStudio. Bibliometrix is the most widely 
used R package for bibliometric studies [13], which 
are increasingly referenced in scientific publications. 
Following the five-step bibliometric dataset merging 
with duplicates using the bibliometrix package (see 
Table 1), 16 duplicates were identified and found to 
be covered by the Scopus databases, after which 22 
records of scientific documents were confirmed eli-
gible for systematic analysis through the screening of 
titles and abstracts for each. 

On the third stage, 22 scientific documents were 
included for further analysis in the systematic review, 
including 12 journal articles, 2 book chapters, 4 con-
ference papers, and 4 reviews. Adhering to the pur-
pose of this study, the comprehensive bibliomet-
ric analysis was performed in the Biblioshiny app of 
the bibliometrix package in RStudio, which provides 
a web interface for the bibliometrix package that is 
used to analyze the bibliographic data in a visualized 
graphical format and provide insights into the con-
ceptual themes [11].

2. Results and discussion

2.1. Trend of development

Figure 2 shows the trend of research in the field of 
smart real estate. It is observed that the first research in 
this field appeared in 2012, followed by a gap in the five 
years from 2013 to 2017. Since 2018, the research in this 
field shows a gradual increase in the trend, reaching its 
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peak in 2020, and a slow decrease from 2020 to 2022. 
Scientific documents published in 2018 received the 
most average citations per year (36), followed by docu-
ments published in 2020 and 2021, which received 14.75 
and 20.2 average citations per year, respectively. As 
shown in Table 2, the bibliographic metadata consists of 
22 scientific documents contributed by 50 researchers, 
with an average of 3.05 co-authors per document and an 
international co-authorship rate of 31.82%, including 12 
journal articles, 2 book chapters, 4 conference papers, 
and 4 review articles. From 2012 to 2022, the annual 
growth rate was 14.87%, and the average number of cita-
tions per document reached 14.45 times.

2.2. Most contributing countries,  
institutions and authors

2.2.1. Most productive countries  
and institutions

A systematic review at the country or institutional 
level indicates the degree of internationalization of a 
specific research field [14]. A scientific publication from 
a country when at least one author is affiliated with an 
institution located in that country [15], and the indi-
vidual collaboration in the research field adds up to an 
observable change in the structure of science [14].

Table 1.
Five-step bibliometric dataset merging  

with duplicates using the R package “bibliometrix”

Step 1: Download and install package “bibliometrix” in RStudio

>install.packages (“bibliometrix”)

Step 2: Run the “bibliometrix” and “xlsx” package in RStudio

>library (bibliometrix)
>library (xlsx)

Step 3: Import and convert bibliographic files

>wos_data <- convert2df (“wos.txt”, dbsource = “wos”, format = “plaintext”)
#Import and convert the Web of Science dataset “wos.txt” and name the converted dataset as “wos_data”
>scopus_data <- convert2df (“scopus.bib”, dbsource = “scopus”, format = “bibtex”)
#Import and convert Scopus dataset “scopus.bib” and name the converted dataset as “scopus_data”

Step 4: Merge the WoS and Scopus database and remove the duplicated data

>merged_data <-mergeDbSources (wos_data, scopus_data, remove.duplicated = T)
#Merge the converted datasets and name the merged dataset as “merged_data”
#Duplicates with a count of 16 are automatically removed from the merged dataset 

Step 5: Export the merged database to “xlsx” file and write the file name as “merged database”

>write.xlsx (merged_data, “merged database.xlsx”)
#Export the “xlsx” file and name it “merged database.xlsx”
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A total of 14 countries have made their contributions 
in the research field of “smart real estate,” of which 6 
countries have produced two or more scientific docu-
ments (Table 3). Among all the countries, Australia 
made the most significant contribution, cumulatively 
contributing nine documents; the total number of cita-
tions reached 283 times, and the average number of cita-
tions per document reached 31.44 times. Turkey came 
in second with four documents, 77 citations, and an 
average citation of 19.25 per document. In addition, the 
Netherlands and Malaysia produced 3 documents each, 
and Pakistan and the United Kingdom produced 2 doc-
uments each.

Table 4 shows the institutions that contributed more 
than two publications and the leading authors affiliated 
with those institutions. The 22 identified scientific doc-
uments were contributed by scholars from a total of 26 
institutions. Among them, the University of New South 
Wales in Australia has contributed 8 journal articles, 
ranking first, co-authored by researchers such as Ullah, 
Sepasgozar, and Shirowzhan. The Near East University 
in Turkey ranked second and was led by Al-Turjman, 
who contributed three journal articles; it is worth not-
ing that all three articles were co-authored with Ullah 
from the University of New South Wales in Australia. 
The University of Reading Malaysia ranked third, with 
two journal articles contributed by Lecomte in 2019 and 
2020. In addition, Lecomte published one journal arti-

cle with the University of Quebec in Montreal in Can-
ada in 2022 in the research filed of smart real estate [16].

2.2.2. Trends in authorship  
and collaborations

Analysis of authorship and trends in collaboration 
provides deep insights into the structure and practice 
of a particular scholarly research field, and the inten-
sity of collaboration between authors and the impact 
of collaboration on scientific citations vary widely at 
the international and domestic levels [14].

Research in the field of smart real estate shows a 
high intensity of author collaboration. As shown in 
Fig. 3, there are ten groups of collaborative networks, 
among which the collaborative network centered on 
Ullah and Sepasgozar has the highest collaboration 
density and the largest number of scientific publica-
tions (Table 3). Furthermore, as illustrated in Fig. 4, 
seven publications co-authored by Ullah and Sepas-
gozar (including the co-authorship with Low et al.) 
ranked among the top ten most cited in the research 
field; a journal article published in the journal Sus-
tainability in 2018 was cited 66 times, ranking first. 
The remaining 9 groups of collaborative networks 
exhibited the characteristics of multiple authors coop-

Fig. 2. Annual scientific production and average citations per year.
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erating on a single publication: collaborative networks 
such as Ahmed et al. [26], Allameh et al.[27], Kem-
peneer et al. [28], Azmi et al. [29], Sandeep Kumar 
and Talasila [30] each collaborated on one journal 
paper; collaborative networks such as Hapuarachchi 

Table 2. 
Descriptive bibliographic metadata

Description Results

Main information 

Timespan 2012–2022

Documents (Articles, Reviews, etc.) 22

Annual Growth Rate % 14.87

Document Average Age 3.05

Average citations per doc 14.45

References 1590

Document types

Article 12

Book chapter 2

Conference paper 4

Review 4

Document contents

Keywords Plus (ID) 200

Author’s Keywords (DE) 103

Authors

Authors 50

Single-authored docs 5

Co-Authors per Doc 3.05

International co-authorships % 31.82

Table 3. 
Most productive countries

Country
No.  

of Documents
Total 

citations

Average  
citations  
per doc

Australia 9 283 31.44

Turkey 4 77 19.25

Netherlands 3 17 5.67

Malaysia 3 16 5.33

Pakistan 2 14 7.00

United  
Kingdom 2 1 0.50

Note:  
The documents identified and included may be co-authored by several scholars  
from different institutions located in different countries; therefore, the number  
of documents and total citations corresponding to each country are cumulative.

Table 4. 
Most productive institutions  

with leading authors

Institution Country N
Leading  
author(s)

Documents

University  
of New South 

Wales
Australia 8

Ullah,  
Sepasgozar  

and Shirowzhan
[1,17–23]

Near East 
University

Turkey 3 Al-Turjman [19, 21, 22]

University  
of Reading 
Malaysia

Malaysia 2 Lecomte [24, 25]

Note:  
N = number of documents; % = percentage of contributed scientific documents. 
“Leading authors” refer to authors who have authored (including co-authored) more 
than two documents with their corresponding affiliated institutions.
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et al. [31], Aydinoglu and Bovkir [32], Xu and Gade 
[33], and Su and Li [34] each produced one confer-
ence paper collaboratively.

2.3. Analysis of keyword co-occurrence  
and thematic evolution

When analyzing the knowledge of the research field, 
keyword analysis allows for more systematic insights into 
the current state and trends for future development. Key-
words Plus, containing the author’s keywords and words 
or phrases automatically generated by the computer algo-
rithms that appear frequently in the titles of an article’s 
references, are recommended for co-occurrence analysis 
of keywords and the evolution of the research themes [35]. 
In this section, the conceptual structure map using the 
multiple correspondence analysis method was employed 

to distinguish the present research themes by categoriz-
ing the selected keywords, whereas the thematic map was 
used to consult the comprehensiveness of each clustered 
theme by Keywords Plus, thus summarizing the evolution 
of themes by the degree of development and relevance of 
each theme cluster.

The bibliographic metadata contains 200 Keywords 
Plus spread across 22 scientific documents, 29 of which 
appeared more than twice and were chosen for keyword 
co-occurrence analysis and thematic evolution. As shown 
in Fig. 5, 29 keywords were categorized into four groups 
according to the conceptual structures, and the detailed 
categories of keywords and corresponding documents 
with the highest contribution are summarized in Table 5.

The four different types of themes are distributed in 
different quadrants according to their degree of develop-
ment (density on the y-axis) and relevance (centrality on 
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Fig. 3. Collaboration network of authors.

kempeneer s

peeters m

compernolle t

al-turjman f

thaheem mj
imran m abdul ghafar m

inam h

masroor a haider w

abbasi ma
jialani ta

hasany sn ahmed h

qayyum s

munawar hs

ibrahim r

azmi arashidi a

sepasgozar s

wang c

lee cl

low s

davis s

shirowzhan s

ullah f

sepasgozar sme

aydinoglu ac

bovkir r

xu h

talasila v

sandeep kumar e

gade a

su t

li lh

jozam mh

timmermans hmozaffar f
de vries b

allameh e beetz j

gamlath kgbk

sriyaratna d

hapuarachchi havpu

manoratne md

vithane sgg

supunya nhpr



BUSINESS INFORMATICS        Vol. 17        No. 2        2023

the x-axis): niche themes are located in the upper-left 
quadrant, motor themes are located in the upper-right 
quadrant, emerging or declining themes are located in the 
lower-left quadrant, and basic themes are located in the 
lower-right quadrant [36]. Shown in Fig. 6, we observe:

The cluster consisting of “deep learning,” “neural net-
works,” “smart cities,” and “taxation” is the only clus-
ter located in the niche theme quadrant; according to 
[36], those topics are narrowly focused and peripheral 
in nature, with strong internal linkages but weak external 
ties, and thus have only a minimal impact on the research 
field. 

The merging or declining themes are both weakly 
developed and peripheral, showing low density and low 
centrality. Three clusters are located in the quadrant of 
emerging or declining themes. These are: the cluster con-
taining “sustainability,” “property market,” and “soft-
ware,” and the cluster composed of “property,” “real 
estate industry,” “sales,” and the cluster composed of 
“real estate agents.” According to Table 5, the publica-

tions that contributed to those keywords were published 
between 2018 and 2022, resulting in the emerging themes. 
It is worth noting that the cluster composed of the single 
keyword “real estate agents” is less developed than the 
other two located in the same quadrant.

The motor themes exhibit high density and strong 
centrality; themes locate in this quadrant, suggesting that 
they are both well-developed and essential for structur-
ing a study topic, as well as tied externally to theories that 
are relevant to other conceptually related themes [36]. 
The cluster composed of “machine learning,” “infor-
mation management,” “data analytics,” “big data,” and 
“life cycle” possesses the highest development degree 
and relevance degree. The cluster composed of “deci-
sion stress,” “housing,” “investments,” “machine learn-
ing,” “techniques” and “real estate investment” has a 
medium degree of relevance and a higher degree of devel-
opment. Meanwhile, the cluster composed of “architec-
tural design,” “marketing” and “real estate” has a higher 
degree of relevance and a medium degree of develop-
ment.

Fig. 4. Most cited documents in the research field of smart real estate.
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The keywords “learning algorithms” and “engineer-
ing education” formed the only cluster in the quadrant of 
basic themes, indicating their importance for the research 
field of smart real estate but not yet fully formed. 

By comparing Fig. 5 and Fig. 6, we found that most 
of the keywords in Categories I and III are either motor 
themes with a higher degree of development and rele-
vance or basic themes with a higher degree of relevance 
but have not been explored in depth. Category III over-
laps with all keywords of the three clusters located in the 
quadrant of emerging or declining themes; keywords of 
Category IV, “smart city” and “taxation,” are located in 
the niche themes quadrant, and “architectural design” is 
located in the motor themes quadrant.

Conclusion

Innovative technology is important and influen-
tial, and the development of technology has driven the 
transformation of the industry. As pointed out by [37], 
the driving force of transformation is strategy, not tech-

nology, and it applies to the real estate industry. This 
study provides a systematic review of the digital trans-
formation of the real estate industry, focusing on the 
aspect of smart real estate. It provides a comprehensive 
understanding of current trends in theoretical develop-
ment, taking “smart real estate” as a research field, and 
it guides academic scholars with future research direc-
tions and industry practitioners with strategy or policy-
making. The key findings are summarized as follows:
i. Research on smart real estate is a relatively new re-

search field. The relevant literature first appeared in 
2012 and has shown a rapid growth trend since 2018. 

ii. The University of New South Wales in Australia made 
the most contributions to this field of study, followed 
by the Near East University in Turkey and the Uni-
versity of Reading in Malaysia. There appeared to be 
significant gaps in this research field in other devel-
oped regions such as the European Union as well as 
in emerging economies such as China and Russia.

iii. Research in the field of smart real estate exhibits a strong 
co-authorship characteristic, with the most prominent 

Fig. 5. Conceptual structure map using multiple correspondence analysis (MCA) method.
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Table 5. 
Categories of keywords and corresponding documents  

with the highest contribution

Keywords distribution per category No. of 
keywords

Time of 
appearance

Most contributed 
documents

Category I

machine learning techniques, decision trees, data analytics, machine learning, property, 
investments, real estate investment, housing 8 2020 [26, 30]

Category II

real estate, real estate industries, real estate agents, sales, marketing, sustainability, property 
market, software 8 2018–2022 [1, 17, 20, 31]

Category III

search engines, learning algorithms, property management, engineering education,  
information management, big data, office buildings, life cycle, deep learning, neural networks 10 2020 [18]

Category IV

taxation, smart city, architectural design 3 2018–2019 [33, 34]

Note:  
The most contributed documents were identified by the factorial analysis in the Biblioshiny app, which presents the most weighted documents in influencing the corresponding 
research category [11].

Fig. 6. Thematic map by Keywords Plus.
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contributions coming from a collaborative network of 
Ullah, Sepasgozar, and Shirowzhan et al., including 
the total number of publications and citations.

iv. Through two different bibliometric mapping meth-
ods that categorized and clustered themes using the 
Keywords Plus, we found that keywords from two 
categories, such as “machine learning techniques,” 
“decision trees” and “data analytics” from Category 
I, and “information management,” “big data” and 
“life cycle” from Category III, have a higher degree 
of thematic development and relevance.

The study employing the bibliometric analysis 
method provides the most objective results for a sys-

tematic review, which avoids the bias of individual sub-
jective factors. Nevertheless, there are two major limi-
tations that need to be acknowledged. First, the digital 
transformation of real estate is a very broad concept 
and involves a number of related research fields such as 
smart city, property technology (ProTech), digital real 
estate, smart housing and smart homes, etc.; thus it is 
highly recommended for future researchers to compare 
and summarize all related research concepts or frame-
works. Second, Scopus and Web of Science were limited 
as sources of scientific documents; other bibliographic 
databases, such as Google Scholar and ProQuest, 
should be researched in the future for the development 
of bibliometric studies. 
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