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ABSTRACT

Digitalisation in the construction sector promises numerous benefits, yet its widespread adoption in India
faces impediments. This study aims to identify and analyse critical barriers hindering the adoption of
digitalisation within the Indian construction sector. The study adopts a multi-phase research approach,
involving a literature review to identify potential barriers. Subsequently, a questionnaire was administered
to 162 professionals in the Indian construction industry. The survey reveals a willingness within the
Indian construction sector to embrace digitalisation, citing benefits such as enhanced productivity and
revolutionary impacts on construction processes. Larger organizations exhibit greater proactivity, while
smaller businesses face challenges in resources and knowledge, leading to slower adoption rates. The
study identifies five key themes of barriers, including financial/resource constraints, cultural/organisational
constraints, regional disparities, data security/privacy concerns, and awareness/capacity-building con-
straints. The implication of the study is to unveil crucial barriers and provide insights for tailored interven-
tions, aiding stakeholders, policymakers, and researchers in navigating the evolving digital landscape of
the Indian construction industry. This study contributes to the exploration of perceptions of construction
professionals specifically in India on why digitalisation is not fully embraced in the Indian construction
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Introduction

Every country’s economy depends heavily on the construction
industry and India is no different. A report by Mahasua (2023)
states that the Indian construction industry has a large multiplier
impact of 250 associated industries and provides 8% of the net
Indian GDP. The sector also has a cumulative Foreign Direct
Investment (FDI) totalling US$25.66 billion between April 2000
and March 2020, making the Indian Construction sector the
second-largest beneficiary of FDI in the fiscal year 2020-2021
(Rani et al. 2022). In 2023, the construction sector in India is
anticipated to grow significantly and contribute 13% of the coun-
try’s GDP to reach INR45,907 billion (Parwal 2023). Although
some sectors of the construction industry face short-term diffi-
culties, India’s medium to long-term growth story is still positive.
The growth trends within construction project planning, execu-
tion, and management could be sustained and enhanced through
digitalisation, which would result in more effective operations,
better collaboration, and environmentally friendly procedures
(Gamil et al. 2020; Abbas et al. 2022). Alongside these benefits, a
recent study from Ronaghi (2023) emphasised that the adoption
of Artificial Intelligence and other technologies has positive
effects on circular economy practices.

In acknowledgement of these prospects of digitalisation, the
rate of technology adoption in the Indian construction sector is
constantly increasing, although it varies across different parts of

the business. While some businesses and initiatives are aggres-
sively embracing digital technologies and cutting-edge practices,
others are still in the early stages of technological adoption. The
stakeholders in the Indian construction business have expressed
conflicting opinions about digitalisation, not everyone feels confi-
dent enough to use the new technology first-hand (Musarat et al.
2022). This is in accordance with HT Brand Studio (2020) survey
which reveals that developing digital competencies and skills
throughout the organisation remains the top digital problem for
47% of construction companies in India. The survey also stated
that 42% of the participants are having difficulty creating a stra-
tegic roadmap for digital investments while 41% are still finding
it difficult to create the ideal organisational structure for digital
transformation. Disturbingly, HT Brand Studio (2020) found that
organisations in India only use digital solutions in 50% or less of
their projects and in 5% of cases, they don’t use them at all
Companies are reluctant to make technology investments despite
the obvious associated benefits. In a similar study, Alva (2022)
reported that only 3% of India’s construction firms are currently
undergoing technological transformation, however, more than
70% have only recently begun. A shift that has allowed between
1% and 3% of these companies’ yearly revenue to be allocated to
technology (Alva 2022).

The international market for construction 4.0 (digitalisation
in construction) was estimated to be worth $9,786.9 million in
2019 and is anticipated to grow to $29,101.5 million by 2027
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(Alva 2022). Therefore, investing in digital transformation, creat-
ing reliable workflows, and encouraging innovation will have
major long-term benefits for the industry, the people it employs,
and the nation. In addition to the financial gains from increased
productivity, efficiency, quality, and teamwork, their adoption
can help to improve safety and sustainability, which will help to
improve the negative public perception of the construction sector
as time passes (Smallwood and Allen 2022; Toyin and Mewomo
2023).

Numerous social, technological, environmental, economic,
and political (STEEP) obstacles must be overcome to fully enjoy
these advantages, especially in developing countries as submitted
by the findings of (Oesterreich and Teuteberg 2016; Ronaghi and
Ronaghi 2021). Understanding the factors that affect the adop-
tion and execution of digitalisation is essential in the Indian con-
text, where the construction industry is crucial to the nation’s
economic progress. The construction industry in India operates
in a distinct socio-cultural and economic environment that is
characterised by a fragmented ecosystem with numerous compet-
itors, a wide range of project sizes, and varied technology
readiness levels. Therefore, for effective implementation and
long-term growth, a thorough investigation of the factors imped-
ing digitalisation in this particular context is essential. As such,
this study conducts an in-depth investigation to advance aca-
demic knowledge, educating industry stakeholders and policy-
makers for successful digitalisation implementation in India. The
study aims to identify and analyse the barriers that hinder the
widespread adoption of digital technologies within the Indian
construction sector. The finding of this study will facilitate evi-
dence-based decision-making steps toward crafting targeted
interventions and strategies to promote the digitalisation of the
Indian Construction sector.

Concept of digitalisation in Indian construction sector

The construction industry has continued to play a variety of
roles in defining daily life because it includes provisions of
houses, workplaces, and different modes of transportation. The
broader relevance of construction projects comes with complex-
ity, financial and time limitations, and quality issues that could
be addressed through digitalisation (Alva 2022). The term digit-
alisation is a multifaceted concept that is often defined based on
the context of application. In business, it refers to the application
of digital technologies to enhance operations and customer expe-
riences. While it is technologically referred to as the utilisation
of tools for innovation and efficiency (Vaughan 2013).
Specifically for construction, digitalisation is defined as the pro-
cess of combining industrialised technical methods with digital
technologies to boost profitability and enhance the sustainability
of construction projects (Musarat et al. 2022). By changing oper-
ational procedures, enabling quick communication, increasing
efficiency through system integration, improving asset productiv-
ity, lowering costs, and doing many other things, digitalisation
can assist construction organisations in attaining their goals
(Gamil et al. 2020; Maiti et al. 2020; Smallwood and Allen 2022).

Building Information Modelling (BIM), Internet of Things
(IoT), Drones, Augmented Reality, Virtual Reality, Cloud
Computing, and other technologies are all included in the term
digitalisation. These technologies can change the way construc-
tion is carried out, improve collaboration, increase production,
and make resource allocation more effective (Abbas et al. 2022).
Previously, numerous studies, (Maiti et al. 2020; Paul et al. 2020;
Parwal 2023) have looked at how the Indian construction

industry is now adopting these digital technologies. The consen-
sus of the studies revealed that there is widespread awareness of
digitalisation across construction enterprises, but actual imple-
mentation varied greatly. Firm size, resource accessibility, and
leadership support were found to be important barriers as per
Maiti et al. (2020). In addition, a similar study by Kumari (2021)
emphasised the uneven levels of digital maturity among Indian
construction organisations, with bigger organisations being more
developed in their digital transformation journey.

The adoption and integration of digital technologies are
increasingly necessary for the construction industry to grow sus-
tainably and remain competitive. As a result of digitalisation,
businesses engage with interconnected systems at every stage of
the value chain. With the construction industry undergoing tech-
nical and innovation improvements by replacing most manual
construction operations with digital tools and automation,
Industry 4.0 has the potential to necessitate a managerial para-
digm shift. According to Obiso et al. (2020), the necessary man-
agerial shift within the construction sector should address issues
like ageing workforce, skill development, resource efficiency,
clean production, and mass customisation. Addressing these
issues will enable quick adoption and reaping of the numerous
benefits of digital technologies within the construction sector
(Maskuriy et al. 2019). These numerous advantages of quick
digitalisation include enhanced stakeholder participation, better
risk management, improved project results, improved productiv-
ity, simpler processes, cost savings, and improved project coord-
ination (Jacobsson and Linderoth 2021). Understanding and
calculating these advantages can help construction companies
make more informed decisions by providing strong justifications
for investing in digitalisation. Meanwhile, such investments and
integration have been obvious issues for all SME businesses with
those in the construction sector being the most affected
(Jacobsson and Linderoth 2021). The implementation of digital-
isation is seen to be hampered by significant barriers that have
prevented the Indian construction sector from reaping the full
potential of digitalisation. Studies such as Bajpai and Misra
(2021) and Parwal (2023) show that the barriers facing the digit-
alisation of Indian construction industry loom large starting
from the reluctance of stakeholders to adopt new technologies to
the lack of digital competencies within organisations. In com-
parison to some other places, the adoption of digitalisation in
the Indian construction industry has been somewhat delayed.
The main causes of this delay or barrier to full digitalisation of
the Indian construction sector have been studied in parts with
most studies tend to focus on one sector of the industry at a
time or even focusing on a certain group of stakeholders. This
has been identified as a major gap in knowledge and as such,
this study proposed to cover that by conducting a comprehensive
study that will consider the barriers in the general sector includ-
ing Architecture, Design, Engineering, Construction and Project
management. The study also recruits participants at all levels
within the sector, unlike many other studies that focus on either
managers/policy makers or the end users. The details of such
will be discussed in subsequent sections.

Research methodology

The current study is grounded in the positivist approach, a
research philosophy that prioritises the utilisation of empirical
data, scientific methodologies, and impartiality in the examin-
ation of social phenomena. Positivism is a philosophical stance
that is founded on the epistemological assumption that



knowledge can be acquired through rigorous empirical observa-
tion, quantification, and rational deduction (Tsang 2016). The
positivist paradigm prioritises the utilisation of Likert scale ques-
tionnaire as a precise instrument of measurement and quantifi-
able information, making this study quantitative. The utilisation
of quantitative methods allows for the acquisition of impartial
and measurable data, thereby promoting meticulous examination
and statistical evaluation by researchers (Saunders et al. 2019). A
three-stage multi-phase research approach as shown in Figure 1
is used in this study.

Stage I: - data construction

Reviewing the existing literature that is relevant to the topic
under discussion is one of the most common processes of estab-
lishing variables to measure the constructs of questionnaires as
conducted in the earlier study by Dauda and Ajayi (2022).
Database of peer-reviewed articles such as Scopus, Google
Scholars and Science Direct were searched using primarily the
keyword ‘“digitalisation in construction”. The initial search
resulted in 64,000 articles which was later reduced to 710 with
the imposition of the Indian Construction sector as a compul-
sory inclusion criterion. Thereafter, other inclusion criteria such
as barriers, hindrance and similar synonyms were imposed to
narrow down the list of articles. After the screening procedure,
60 papers were chosen for a deeper examination. Upon review,
the listed factors in Table 1 have been identified as potential bar-
riers impacting the adoption of digitalisation in the construction
industry and thus were used as a construct of the questionnaire
in this study. This approach aligns with multiple theories related
to technology or innovation adoption including the Technology
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Acceptance Model (TAM) proposed by Davis (1989) and the
Unified Theory of Acceptance and Use of Technology (UTAUT)
formulated by Venkatesh et al. (2003). Both TAM and UTAUT
focus on identifying various factors influencing technology
acceptance and ease of use. However, the critical review of tech-
nology theories is beyond the scope of this study because of the
study’s priority on the utilisation of empirical data to ensure a
practical understanding of digitalisation barriers in the Indian
construction industry.

Stage lI: - data collection

The second stage involved developing and administering the
questionnaire to collect data based on the initial potential bar-
riers identified in Table 1. The survey used a five-point Likert
scale, with responses that ranged from 1 to 5 representing
strongly disagreed, disagreed, neutral, agreed, and strongly
agreed. The questionnaire consists of 26 questions with questions
1 to 4 measuring the respondents’ demographic data. Questions
6 — 26 examine respondents’ degrees of agreement with several
potential barriers to digitalisation within the Indian construction
sector. The developed questionnaire was first piloted among pro-
fessionals working in the Indian construction sector using per-
sonal contact networks. The pilot study avails the opportunity to
make changes to some of the questions to remove any unclear
information and improve respondents’ understanding.

After completing the pilot study, the revised questionnaire
was then electronically distributed to the interested respondents
within the architecture/design, engineering, construction, and
project management through an online survey platform by send-
ing the URLs to the questions to business groups via email,

.—‘he"’_’.—‘lse e t0_>

use the likert scale questionnaire to-

data

=
= .g / develop the / "pimmsuhen \
i goople form —and then-»| onnaire |
5‘ '.§ \ questionnaire questl iy

use feedback from pilot
testing

revise
~» guestionnaire —and then-»- a?:;i;llstefﬂ:
as required q

data collection completed—J

= =

Figure 1. lllustration of the research methodology (source: Authors).
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Table 1. Potential barriers to the adoption of digitalisation.

S/No Barriers References

1 High initial investment for implementing digitalisation tools and technologies (Bajpai and Misra 2020)

2 Limited financial resources of most small and medium-sized enterprises (SMEs) within the (Akinradewo et al. 2022)
construction sector

3 Insufficient awareness among construction industry stakeholders regarding digitalization (Perera et al. 2023)
concepts and available technologies.

4 Gaps in understanding the practical aspects of how to integrate digital technologies into (Chen et al. 2022)
construction workflows.

5 Cultural norms, hierarchical structures, and resistance to change within organizations (Oesterreich and Teuteberg 2016)

6 Constant need for upskilling and reskilling of the workforce to effectively use and leverage (Aghimien et al. 2019)
digital technologies

7. Prevalence of older and less tech-savvy workforce within the construction sector who may (Singh et al. 2023)
struggle with the learning curve.

8 The complexity and diversity of construction projects in India, including various building (Perera et al. 2023)
types, materials, and construction practices

9 Regional Disparities in the availability and quality of digital infrastructure across different (Bajpai and Misra 2021)
regions in India

10 Disparities in the overall success of digitalisation initiatives causing discouragement to (Parwal 2023)
further implementation

1 Data security and privacy, as construction projects involve sensitive information. (Obiso et al. 2020)

12 Resources intensive need for continuous upgrades, maintenance, and support for long-term (Taher 2021)
sustainability

13 Daunting challenges of scalability of digital technologies within construction projects that (Omrany et al. 2023)
are often unique.

14 Fragmentation between industry stakeholders, including government bodies, construction (Maskuriy et al. 2019)
companies, technology providers, and research institutions

15 Lack of sufficient alternatives for affordable and user-friendly digitalisation solutions (Maiti et al. 2020)

16 Lack of bespoke solutions specifically tailored to the needs and challenges of the Indian (Chen et al. 2022)
construction industry.

17 Inadequate data-driven analysis and case studies to overcome initial uncertainty and (Babaeian and Sutrisna 2022)
encourage organisations to adopt digital technologies

18 Lack of detailed documentation on ROl and cost-saving possibilities of digitalisation (Bajpai and Misra 2021)
concerning specific examples from the Indian Construction industry.

20 Irregular industry-wide campaigns and awareness programs (HT Brand Studio 2020)

21 Secrecy of information that hinder inspiration and informed decisions about embracing and (Yap and Toh 2020)

investing in digital technologies.
22 Limited training and educational programs on digitalisation
Construction Sector

concepts within Indian

(Won et al. 2013)

LinkedIn, and WhatsApp. This type of sampling is referred to as
convenient/opportunity sampling which allows any willing par-
ticipant to respond to the questionnaire. The main criteria to be
considered as valid respondents is that the respondents must be
working in the Indian construction sector. Targeting respondents
exclusively from the Indian construction sector enhances the
relevance and industry-specific insights. However, it limits the
study perspectives and sample sizes, hence limiting the generalis-
ability of the study outcome. In total, 162 responses were
received which is deemed appropriate because most studies
require a sample size of at least 30 (Memon et al. 2020; Ajayi
et al. 2022).

Stage lll: - data analysis

The demographic data of the respondents was first analysed and
presented in Figure 2 to show (a) the percentage variation across
architecture/design, construction, engineering, and project man-
agement sectors, (b) the percentage number of respondents based
on years of experience, and (c) number of respondents from
each sector that currently adopt specific technology in their
work. In addition, the collected data were analysed using the
five-level Likert scales often referred to as summative scales for
comparing respondent’s answers across their different categories.
This analysis is necessary to reveal the different opinions and
levels of agreement of respondents in different categories to the
identified potential barriers. To do that, the mean responses of

all the 11, 36, 95, and 20 respondents for architecture/design,
construction, project management and engineering respectively
were estimated. After establishing the mean scores, equations 1
& 2 were used to obtain the scale index which is then used to
determine the final level of agreement or disagreement of each
measuring potential barriers according to the respondents from
each group as shown in Table 2.

Scale index = Low Mean score + scale Index interval (1)
Scale index interval = (Highest Mean score — Lowest Mean Score)

/Total Scale Usage )

Reliability analysis

The data collected were subjected to reliability analysis to evaluate
their integrity and determine whether any factor did not signifi-
cantly contribute to the general reliability of the data collected.
Tuan et al. (2005) suggested that poor test construction or confus-
ing instructions might contributed to the unreliability of data.
Thus, recommended that any data found not contributing to the
overall reliability of the response should be declared unsuitable for
further analysis and should be eliminated from the data before
conducting exploratory factor analysis. Since Likert scale was
employed in the survey data, Cronbach Alpha coefficient recom-
mended by Field (2013) which is the the most common measure
of internal consistency or reliability was used. Cronbach Alpha
quantifies the extent to which a set of items in a scale or
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Figure 2. Demographic data analysis (source: Authors).

questionnaire measures a single latent construct or dimension
(Taber 2018). The Cronbach Alpha coefficient has a value between
0 and 1, with a value over 0.7 suggesting an acceptable amount of
internal consistency and a value above 0.8 indicating a high-level
internal consistency (Cho and Kim 2015). The Cronbach Alpha
coefficient for this study is 0.922, which indicates that the data
gathered is extremely reliable and internally consistent. However,
Taber (2018) suggested that a further analysis known as Cronbach
Alpha coefficient if item deleted is recommended in identifying
problematic items that may weaken the overall reliability of the
data. Statistically, Cho and Kim (2015) argued that every variable
that produces an individual Cronbach Alpha coefficient more than
the overall Cronbach Alpha coefficient for this study (0.922)
should be regarded as unreliable. However, before the removal of
any items in this study, the flagged items were further considered
against the items where the level of agreement of the respondents
from each sector is less than 3.72 as shown in the scale of index
under Table 2. The 3.72 represent either neutral responses, dis-
agree or strongly disagree. As such, BAR 6, BARS, and BAR 20
with Cronbach’s Alpha values of 0.927, 0.936, and 0.929, respect-
ively and a mean index of less than 3.72 across all sectors except
BAR 6 where the responses from the Engineering sector is a nar-
row agreed of 3.75 were eliminated before the exploratory factor
analysis.

Exploratory factor analysis

The study confirmed 18 of the 21 identified potential barriers
as barriers to digitalisation in the Indian construction industry
and the exploratory factor analysis (EFA) was utilised to deter-
mine the inherent correlations between the measured variables.
In essence, it is used to identify a collection of latent notions
that underline several measurable variables given in the pro-
vided questionnaire. The three separate steps of the factor ana-
lysis were the appropriateness of data test, factor extraction,
and factor rotation as described by Field (2013) and Frost
(2022) In the first step, the Kaiser-Meyer-Olkin (KMO) and
Bartlett’s test of sphericity were used to determine the adequacy
of the data collected. Field (2013) suggested that the KMO
value must be more than 0.5 and the Small Bartlett’s test of
sphericity value must be less than 0.05 for data sampling to be
considered appropriate. Bartlett’s test of sphericity seeks some
redundancy between the variables that can be added by a small
number of elements by comparing an observed correlation
matrix to the identity matrix. In this study, the analysis yields
a KMO value of 0.90 and Bartlett’s test of sphericity value of
2.98E-007, both values falling inside the appropriate upper and
lower bounds, proving that the data can be used for factor ana-
lysis. An analysis of the anti-imaging matrix was conducted to
find any variables with a diagonal value less than 0.5 and
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Table 2. Demographic analysis of responses and reliability analysis.

Overall Responses by Sector

Cronbach'’s

Architecture & Project Cronbach'’s Alpha if ltem
ID/S.No Barriers Design Management  Construction Engineering Alpha Deleted
BAR1 High initial investment required for 418 4.53 4.20 4.15 0.488 0.919

implementing digitalisation tools and
technologies

BAR2 Limited financial resources of most small and 4.00 4.28 3.99 3.95 0.479 0.918
medium-sized enterprises (SMEs) within
construction sector

BAR3 Insufficient awareness among construction 3.82 4.25 3.80 4.10 0.568 0.917
industry stakeholders regarding digitalization
concepts and available technologies.

BAR4 Gaps in understanding the practical aspects of 427 414 420 425 0.572 0.918
how to integrate digital technologies into
construction workflows.

BAR5 Cultural norms, hierarchical structures, and 4.55 4.36 4.09 3.85 0.564 0.92
resistance to change within organizations
BAR6* Constant need for upskilling and reskilling of the 3.64 2.97 3.02 3.75 0.297 0.927

workforce to effectively use and leverage
digital technologies*

BAR7 Prevalence of older and less tech-savvy 3.55 2.89 3.82 3.65 0.489 0.921
workforce within construction sector who may
struggle with the learning curve.

BARS* The complexity and diversity of construction 3.18 333 2.87 3.05 0.49 0.936
projects in India, including various building
types, materials, and construction practices™

BAR9 Regional Disparities in the availability and quality 4.55 444 4.20 4.05 0.554 0.918
of digital infrastructure across different
regions in Indian.

BAR10 Disparities in the overall success of digitalisation 4.27 4.28 4.48 3.90 0.578 0.918
initiatives causing discouragement to further
implementation

BAR11 Data security and privacy, as construction 473 4.50 4.09 415 0.572 0.919
projects involve sensitive information.
BAR12 Resources intensive need for continuous 4.45 433 4.06 3.95 0.541 0.919

upgrades, maintenance, and support for long
term sustainability
BAR13 Daunting challenges of scalability of digital 3.91 422 3.96 3.90 0.556 0.917
technologies within construction projects that
are often unique.
BAR14 Fragmentation between industry stakeholders, 4.09 4.69 4.20 4.00 0.648 0.917
including government bodies, construction
companies, technology providers, and
research institutions

BAR15 Lack of sufficient alternatives for affordable and 418 425 467 4.05 0.701 0.916
user-friendly digitalisation solutions
BAR16 Lack of bespoke solution specifically tailored to 436 439 3.99 3.95 0.628 0.918

the needs and challenges of the Indian
construction industry.
BAR17 In adequate data-driven analysis and case studies 4.09 419 3.94 4.30 0.689 0.917
to overcome initial uncertainty and encourage
organisations to adopt digital technologies
BAR18 Lack of detail documentation on ROI and cost- 4.55 4.03 4.20 3.85 0.654 0.919
saving possibilities of digitalisation with
respect to specific example from Indian
Construction industry.

BAR19 Irregular industry-wide campaigns and awareness 418 3.17 4.08 4.25 0.752 0.917
programs
BAR20*  Secrecy of information that hinder inspiration 2.73 3.08 234 3.10 0.303 0.929

and informed decisions about embracing and
investing in digital technologies*
BAR21 Limited training and educational programs on 4.36 4.31 4.21 4.10 0.717 0.917
digitalisation concepts within Indian
Construction Sector

Cronbach’s Alpha — 0.922, Strongly disagree: 2.18 <Mean Index < 2.69, Disagree 2.69 <Mean Index < 3.20, Neutral: 3.20 <Mean Index < 3.71, Agree:
3.71 <Mean Index < 4.22, Strongly agree: 4.22 < Mean Index < 4.73.
*Excluded from further analysis.

deleted such as suggested by Field (2013) and implemented in After that, the Principal Component Analysis (PCA) was used
a previous study by Ajayi et al. (2022). All variables in this to do a factor extraction to uncover common data patterns and
study have anti-imaging values over 0.5, indicating that the create suitable themes using Rotated Component Matrix (PCA’s
data are suitable for further investigation and a scree plot of all Equamax with Kaiser Normalisation) to represent the factors
factors has been presented in Figure 3. that belong to the same group. Factor extraction could be carried



out based on Eigenvalues greater than 1 or based on a fixed
number of factors (Frost 2022). As per the rule stated by Field
(2013), an extraction based on Eigenvalue greater than 1 was first
carried out and three factor groups emerged as shown in Figure
4a. However, the rotated component matrix in Figure 4a shows
the extraction of too many factors which are difficult to theme
together in group 1. This observation is in line with the earlier
concerns of Costello and Osborne (2005) and Frost (2022) which
submitted that extraction with Eigenvalues greater than 1 often
tends to extract too many/little factors in most cases. Thus, rec-
ommending extraction with a fixed number of factors using
insights from the theory and subject-area knowledge to adjust
the number of factors. In this study, the well-known STEEP
framework (Social, Technological, Economic, Environmental, and
Political factors) and the Information and Communication
Technology (ICT) Adoption and Implementation framework
were adopted. Both frameworks have five distinct themes and as
such extraction based on 5 fixed number of factors was carried
out as shown in Figure 4b. This produces a much better group-
ing with identified patterns that can facilitate the naming of each
theme as done in the subsequent section (Discussion of Result).
In addition, the retrieved total variance from the 5 fixed number
of factors extraction is 70% compared to the 59% from the
extraction based on Eigenvalues greater than 1. The 70% is sig-
nificantly higher than the recommended cut-off point of 60%
(Field 2013). As a result, extraction based on 5 fixed number of
factors offered here is accurate and the analysis’s findings can be
trusted. Table 3 displays the summary of the factor analysis
(extraction and rotation), along with the eigenvalue and percent-
age of variance for each group.

Discussion of result

The findings of the study were addressed based on the main goal
of this research, which is to identify the barriers to digitalisation
in the Indian construction industry. Although the questionnaire
examined 21 factors, the results of the exploratory factor analysis
following extraction and rotation supported 18 of them and cate-
gorised them into five different themes as shown in Figure 5.
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The theme naming in this study was based on insights from
both the well-known STEEP framework (Social, Technological,
Economic, Environmental, and Political factors) and the
Information and Communication Technology (ICT) Adoption
and Implementation framework. The STEEP framework ema-
nated from the ETPS taxonomy (Economic, Technical, Political,
and Social) credited to Aguilar (1967) while the ICT adoption
and implementation framework includes categories of factors
that are extracted from TAM (Davis 1989) and UTAUT
(Venkatesh et al. 2003) discussed earlier. Although the STEEP
framework offers a broad categorisation of external factors influ-
encing technology adoption and implementation, it overlooks
specific nuances and complexities. As such, this study integrates
insights from the ICT Adoption and Implementation framework
with the STEEP to provide more tailored novel themes for the
understanding of challenges. The integration of these frameworks
enables this study to establish a balanced picture of the current
state of digitalisation within the Indian construction sector with
novel themes which is the main purpose of this study. The novel
theme names presented in Figure 5 highlighted unique dimen-
sions of constraints in the digitalisation of the construction
industry in India. This novel theme-naming approach allowed
for a granular analysis driven by the need for a comprehensive
understanding of barriers to digitalisation of the Indian construc-
tion industry beyond the broad categorisation provided by the
STEEP and ICT adoption framework. The themes were then
used to discuss the main findings of the study as follows.

Financial and resources constraints

Financial and resource constraints comprising three items;
BARI, BAR2 and BARI12 are unanimously agreed by the partici-
pants from all four sectors with all having a scale index of more
than 3.95 to show the level of agreement as agreed or strongly
agreed. This consensus accentuates the pivotal role finance and
resources play in shaping the digitalisation landscape within the
construction industry. The factor analysis reported an eigenvalue
of 2.890 and a percentage variance of 16.056 further underlining
the significant impact of these constraints on the broader process

Scree Plot

Eigenvalue
-

1T 2 3 4 5 6 1 8

9

0 1 12 13 14 15 16 17 18

Component Number

Figure 3. Scree plot showing components’ eigenvalue (source: Author).
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(a) Extraction Method: Principal Component Analysis. Normalization.
a. Rotation converged in 5 iterations.
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Figure 4. Output showing extraction based on (a) eigenvalue greater than 1 (b) fixed number of factors.

(Source: Authors)

of digitalising construction practices. The inference from this
study supports the earlier findings of Gundes et al. (2019) that
highlighted that construction companies, especially smaller ones,
often face challenges in allocating significant funds upfront for
adopting digital tools. This financial burden impedes the integra-
tion of technologies that could enhance efficiency, communica-
tion, and overall project management. While the overall level of
agreement to the three items under financial and resource con-
straints is agreed, the respondents for the project management
sector strongly agreed all through. This is consistent with Bajpai
and Misra (2020) assertion that project management SMEs typic-
ally operating on tighter budgets may find investing in the latest
digital technologies difficult. This limitation affects their com-
petitiveness and hinders the industry’s overall progress toward a
more digitally integrated future (Bajpai and Misra 2020). Aiyetan
and Das (2023) submitted that ongoing financial commitments
are necessary to keep digital tools up to date, maintain their
functionality, and provide necessary support. Meanwhile, the
respondents in this study have agreed that the demand for con-
tinuous resources may strain the finances of construction compa-
nies, leading to potential hesitancy or cutbacks in digital
adoption.

The high financial and resource requirements identified as a
barrier in this study are in line with several earlier studies
including (Aghimien and Aigbavboa 2021; Aiyetan and Das
2023; Solanki et al. 2023; Alalade et al. 2024) that have argued

that stakeholders including architects, designers, and subcontrac-
tors may be deterred from engaging in the maintenance stage of
digitalisation implementation due to the associated costs. As
such, this study confirmed that financial and resource constraints
encompassing both the initial investment and ongoing resource
requirements pose substantial challenges to the construction sec-
tor’s efforts to embrace digital technologies and integrate them
into operational processes.

Cultural and organisational constraints

This factor has an eigenvalue of 2.717 and a percentage variance
of 15.095% indicating that cultural and organisational influence
cast significant shadows on the path toward digital transform-
ation in the Indian construction industry. While the theme com-
prises three items; BAR5, BAR7 and BARI14, the analysis
revealed BARS: the influence of entrenched cultural norms, hier-
archical structures, and resistance to change and BAR14: frag-
mentation between industry stakeholders are formidable cultural
barriers. This is because the responses from all four sectors indi-
cated an agreed level with the project management sector again
showing strong agreement. However, the response to BAR7:
prevalence of an older and less tech-savvy workforce is somehow
inconsistent across all sectors with the project management sec-
tor disagreeing, both the Architecture and Engineering sectors
are somehow neutral and only the construction sector narrowly



Table 3. Results of exploratory factor analysis.
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Extracted and rotated components Factor loading Eigen value % of variance
2890 16056
BAR1 High initial investment required for implementing 0.511
digitalisation tools and technologies
BAR2 Limited financial resources of most small and medium-sized 0.634
enterprises (SMEs) within the construction sector
BAR12 Resources intensive need for continuous upgrades, 0.584
maintenance, and support for long-term sustainability
Theme 2 - Cultural and Organisational Constraints 2.717 15.095
BAR5 Cultural norms, hierarchical structures, and resistance to 0.613
change within organizations
BAR7 Prevalence of older and less tech-savvy workforce within 0.719
construction sector who may struggle with the learning
curve.
BAR14 Fragmentation between industry stakeholders, including 0.643
government bodies, construction companies, technology
providers, and research institutions
Theme 3- Regional Disparities and Inequality Constraints 2.647 14.705
BAR9 Regional Disparities in the availability and quality of digital 0.714
infrastructure across different regions in Indian.
BAR10 Disparities in the overall success of digitalisation initiatives 0.693
causing discouragement to further implementation
BAR13 Daunting challenges of scalability of digital technologies 0.701
within construction projects that are often unique.
BAR16 Lack of bespoke solution specifically tailored to the needs 0.720
and challenges of the Indian construction industry.
Theme 4 - Data Security and Privacy Constraints 2.240 12.447
BAR11 Data security and privacy, as construction projects, involve 0.689
sensitive information.
BAR17 In adequate data-driven analysis and case studies to 0.712
overcome initial uncertainty and encourage organisations
to adopt digital technologies
BAR18 Lack of detail documentation on ROI and cost-saving 0.696
possibilities of digitalisation with respect to specific
example from Indian Construction industry.
BAR19 Irregular industry-wide campaigns and awareness programs 0.787
Theme 5 - Awareness and Capacity Building Constraints 2.112 11.736
BAR3 Insufficient awareness among construction industry 0.806
stakeholders regarding digitalization concepts and
available technologies.
BAR4 Gaps in understanding the practical aspects of how to 0.572
integrate digital technologies into construction workflows.
BAR15 Limited training and educational programs on digitalisation 0.728
concepts within Indian Construction Sector
BAR21 Lack of sufficient alternatives for affordable and user-friendly 0.677

digitalisation solutions

agreeing to that. Although the factor analysis did not unearth
this barrier and included it in the analysis, the analysis of indi-
vidual responses discovered that this is not a major barrier to
the digitalisation of the Indian construction industry. This find-
ing is in line with the articles of Dutta (2022) that submitted
that 66% of the registered workers in the Indian construction
sector are in the age group of 16 — 40 years.

Therefore, the main findings of this study are that entrenched
cultural norms and the leadership styles that evolve from cultural
elements often lead to fragmentation between industry stakehold-
ers. This causes challenges of collaboration and coordination
which are the main cultural and organisation constraints impact-
ing the digitalisation of the construction sector. This is in
accordance with Babaeian and Sutrisna (2022) submission that
there is a need for a cohesive approach to align cultural and
organisational priorities across stakeholders in order to overcome
fragmentation to promote the digitalisation of the construction
industry.

The construction industry, known for its resistance to innova-
tions and new technologies exhibits rigidity and a lack of adapt-
ability among its employees as noted by Bajpai and Misra (2021)
and Dauda et al. (2023). Employee concerns, particularly

regarding job security in the face of automation emerge as a sub-
stantial barrier to the full digitalisation of the construction sector.
Acceptance becomes a crucial success factor and employee resist-
ance stemming from these concerns poses a significant obstacle.
A report by Bajpai and Misra (2021) highlights that digitalisation
encounters challenges due to resistance to change rooted in vari-
ous factors such as the one discussed under the cultural and
organisation constraints.

Regional disparities and inequality constraints

This constraint has been identified as a significant barrier to
digitalisation in the Indian construction sector, with an eigen-
value of 2.647 and a variance of 14.705. Within this theme is
BAR9 which highlights disparities in digital infrastructure quality
and availability across Indian regions. All the responses from
architecture, construction and project management strongly
agreed to BAR9 with a minimum index of more than 4.22 while
the participants from the Engineering sector just agreed. The
inference from this study is in agreement with the presence of
digital divide in the construction sector where some areas have
advanced access while others lag. This unequal distribution
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Figure 5. Themes of barriers emerged from the study.

aggravates inequality, hindering regions with inadequate infra-
structure from effectively implementing digital solutions as sub-
mitted by the earlier study of Abbas et al. (2022). In addition,
the theme acknowledges BAR10, BAR13 and BARI16 as sup-
ported by the level of agreement across all the sectors participat-
ing in this study. Omrany et al. (2023) and Chen et al. (2022)
had earlier acknowledged that discrepancies in the success of
digitalisation initiatives, and scalability challenges can discourage
further implementation, creating a domino effect and impeding
technological advancement across the construction sector. There
is a strong level of agreement among respondents that the inabil-
ity to scale digital solutions efficiently across varied projects
impedes the sector’s widespread digitalisation benefits and this is
evident in the earlier study of Bajpai and Misra (2020). BAR16
emphasises the lack of bespoke solutions tailored to the Indian
construction industry’s specific needs widening the gap between
generic digital solutions and nuanced Indian requirements. This
thereby perpetuates regional disparities that have been identified
in this study as a major drawback to the digitalisation of the
construction sector in India.

These regional disparities are further worsened by challenges in
digital infrastructure as highlighted by Oesterreich and Teuteberg
(2016). Several studies including Akinradewo et al. (2022) and
Bajpai and Misra (2021) have submitted that the construction
industry’s reliance on information and communication technolo-
gies necessitates a quick and dependable Internet connection.
However, unstable broadband connectivity or lack of availability
of high-bandwidth connectivity for collaborative apps poses a sig-
nificant hurdle. This challenge is particularly pronounced in fairly
isolated rural locations, where mobile phone use and internet
access are limited or non-existent (Akinradewo et al. 2022).

Data security and privacy constraints

Four items; BARI1, BAR17, BARI18 and BAR19 have been
affirmed to be barriers impacting the digitalisation of Indian
construction sectors in this study. The barriers are grouped
under the data security and privacy constraint’s theme with an
eigenvalue of 2240 and a percentage variance of 12.447%

indicating a significant contribution of the factors in hindering
the digitalisation of the Indian construction sector. The respond-
ents from the architecture, design and project management sec-
tor rated BAR11: data security concern of the sensitivity of the
information involved in construction projects as strongly agreed.
Of all the items listed in the questionnaire, this particular barrier
has the highest scale index of 4.73 which shows the concern of
construction partners on the effect of the vulnerability of their
project data is a critical concern for the adoption of digital tech-
nology in the construction sector. This is in line with the earlier
study of Kumari (2021) that highlighted that the fear of
unauthorised access, data breaches, and potential misuse of sen-
sitive information acts as a major deterrent to the widespread
adoption of digital tools and technologies in the construction
industry. In addition to this, BAR17 and BAR18 which highlight
the lack of adequate data-driven analysis and case studies docu-
mentation on the return on investment (ROI) as unanimously
agreed by respondents across all sectors as major barriers to the
digitalisation of the Indian construction sector. This finding fur-
ther supported the earlier claim of Chen et.al (2022) and Rajhans
and Bhavsar (2023) that organisations are reluctant to invest in
digital technologies without a clear understanding of the finan-
cial gains, especially when potential risks, including those related
to data security, are not thoroughly addressed. BAR19 under-
scores the impact of irregular industry-wide campaigns and
awareness programs on the adoption of digital technologies, and
this was agreed to by all sectors except for the project manage-
ment sector which disagrees with this factor. This indicates a
lack of consistent efforts in the diffusion and adoption of digital
technologies across every sector of the construction industry as
highlighted by Abbas et al. (2022). This inconsistency is attrib-
uted to the intricate nature of the construction value chain, high-
lighting the need for tailored strategies to overcome these
challenges and promote a smoother transition towards digitalisa-
tion as earlier submitted by Singh et al. (2023).

Awareness and capacity building constraints

This study identified four barriers related to awareness and cap-
acity-building constraints with 2.112 Eigenvalue from the study
analysis. In the context of the digitalisation of the Indian con-
struction sector, these barriers; BAR3, BAR4, BARI15 and
BAR21lhinder the seamless integration of digital technologies.
Insufficient awareness among construction industry stakeholders
regarding digitalisation concepts and available technologies
(BAR3) poses a significant challenge, as key decision-makers
may not fully grasp the potential benefits or understand how
these technologies can enhance the sustainability of the construc-
tion sector (Maiti et al. 2020). Moreover, gaps in understanding
the practical aspects of integrating digital technologies into con-
struction workflows (BAR4) exacerbate the issue, as there is a
disconnect between conceptual knowledge and practical imple-
mentation (Alva 2022). The limited training and educational pro-
grams on digitalisation concepts within the Indian Construction
Sector (BAR21) further impede progress, inhibiting the develop-
ment of necessary skills and expertise. Addressing these aware-
ness and capacity-building constraints is crucial for unlocking
the full potential of digitalisation in the Indian construction sec-
tor, fostering a more sustainable and efficient approach to con-
struction (Rajhans and Bhavsar 2023).

A lack of understanding of the benefits of digital technology
can contribute to aversion of using them as identified by (Abbas
et al. 2022; Alva 2022; Parwal 2023) and supported by the findings



from this study. This lack of awareness affects participants from
all four sectors comparatively with all having a scale index of
more than 4.0. The finding of this study corroborated Maiti et al.
(2020) submission that highlighted the lack of training for govern-
ment employees in charge of e-governance as another barrier
standing in the way of successful digitalisation. While some areas
in India have seen remarkable success in e-governance projects,
the absence of expertise and properly trained staff members, along
with a scarcity of training, impacts the successful application of
digital technology. Meanwhile, Many SMEs recognise the benefits
of improving the skills of employees towards digitalisation but fear
that skilled employees become more appealing to competitors,
making retention a significant concern for SME construction busi-
nesses (Dauda et al. 2023). Hence, it is difficult for them to invest
in capacity building which causes the extent of the awareness and
capacity building Constraints that impact the digitalisation of the
Indian construction industry.

Implications of findings

The adoption of a novel framework culled out from STEEP and
ICT adoption framework to name the emerged themes enables
the findings from this research to reveal detailed insights that
extend beyond basic interpretations, offering substantial implica-
tions for researchers, stakeholders, including the government,
and the broader population within the Indian construction
industry. The varying pace and extent of digitalisation adoption
across different segments within the Indian construction sector
indicate a need for strategic decision-making, particularly for
project management and construction SMEs that are facing
resource and knowledge gaps. Policymakers can leverage these
insights to refine government programs like “Digital India” and
“Smart Cities,” ensuring they address the challenges faced by dif-
ferent segments within the construction industry. This study
underscores the key barriers to digitalisation of the Indian con-
struction sector, necessitating an ecosystem fostering innovation,
affordable digital solutions, and skill development. Educational
and training initiatives, guided by researchers and industry stake-
holders, become crucial in addressing identified skill gaps and
knowledge limitations, supporting effective technology integra-
tion. The acknowledgement of the transformative potential of
digital technologies in promoting sustainability within the con-
struction industry by the study’s participants points to an oppor-
tunity for researchers and industry leaders to drive innovation
and digital technologies in construction in eco-friendly practices.
Public awareness and perception play a role in the societal
impact of technology integration into construction practices,
requiring collaborative efforts to communicate the advantages of
digitalisation. This study emphasises the importance of creating a
supportive ecosystem beyond financial support, involving collab-
oration between construction enterprises, technology providers,
research institutes, and educational authorities to accelerate the
integration of digital technologies. In essence, these implications
offer a roadmap for collaborative action, guiding stakeholders,
researchers, and policymakers toward strategic steps that will
propel the Indian construction industry into a future character-
ised by efficiency, sustainability, and global competitiveness.

Conclusion

Despite numerous benefits of digitalisation on construction
including productivity, improved collaboration, better decision-
making, increased safety, and enhanced competitiveness, its
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adoption has been slowed by some barriers. Using a multi-phase
research approach, this study has identified and analysed the
critical barriers that hinder the widespread adoption of digitalisa-
tion within the Indian construction sector. The study’s holistic
approach involved conducting a literature review to uncover
some potential barriers to digitalisation in the construction sec-
tor. The potential barriers identified were then used to construct
a questionnaire administered to 162 professionals working within
the construction industry in India.

The survey conducted established that the Indian construction
sector is willing to move towards the global trend of technology
integration into construction procedures. Many of the partici-
pants upheld that digital transformation holds promise for
improving productivity and revolutionising every aspect of the
construction sector, from personalized customer demands to sus-
tainable building designs. The study indicates a steady rise in the
adoption and implementation of digitalisation in the Indian con-
struction industry, albeit with variations across different seg-
ments and companies. Engineering and design sectors
demonstrate greater proactivity, leveraging financial capabilities
and ample resources to embrace digital technologies. In contrast,
project management and construction businesses that are charac-
terised by smaller and medium-sized businesses face challenges
in resources and knowledge, leading to slower adoption rates.
The responses from the study specifically reveal the increasing
integration of technologies such as building information model-
ling (BIM), virtual reality, drones, IoT sensors, and cloud-based
project management tools in construction projects.

Meanwhile, the results of the Exploratory Factor Analysis pro-
duced five themes of barriers comprising a total of 18 specific
barriers that are considered impediments to the digitalisation of
the Indian construction sector. These are financial and resource
constraints; cultural and organisational constraints; regional dis-
parities and inequality constraints; data security and privacy con-
straints and awareness and capacity-building constraints. This
study has been able to explore the perception of construction
professionals within the Indian construction sector on what are
the main barriers impeding digitalisation of the Indian construc-
tion sector. This is very important because it will allow tailored
and India-focussed interventions on how digitalisation can be
promoted within the Indian Construction Industry. However, it
is important to point out that the main limitation of this study
is the relatively small sample size and lack of focus on the size of
the company which would have unveiled how different the bar-
riers are due to company sizes. Despite this limitation, this study
still contributes to significant issues of exposing the key barriers
to digitalisation of the Indian construction sector in general.
This study provides the barriers that could be used to get further
information and suggestions to assist industry stakeholders, poli-
cymakers, and researchers in their efforts to navigate the rapidly
changing landscape of digitalisation and redefine the future of
construction in India as the Indian construction sector sets out
on its digital transformation journey.
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