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Abstract:

The construction industry in developing countries is characterised by ineffective
decision-making, which contributes to poor project performance and stakeholder
dissatisfaction. Meanwhile, smart computing (SC) proffers solutions to these problems
with proven benefits; however, some barriers continually hinder its applications in
construction projects. Therefore, this study investigated the barriers to SC applications
on construction projects in a developing nation through a survey to determine the
significant ones. Data were retrieved from construction professionals while descriptive
and inferential statistical analyses such as mean score, standard deviation, normality
test, and Kruskal-Wallis H-test were conducted accordingly. Five significant barriers
were identified: inadequate technological knowledge, clients' unwillingness,
professional complacencies, protection monopoly, and lack of government policies. The
main barriers deduced are construction-related, client-related, and government-related.
Therefore, practical recommendations were posited for the three key actors in the
construction industry, i.e., construction professionals, clients, and government agencies.
Training is recommended for construction professionals to update their technological
competencies and skills. The client's willingness can be improved through convincing
proof of the importance of SC to project owners. At the same time, the government is
advised to implement and enforce policies that encourage digitalisation in the
construction industry. Therefore, giving careful attention to the barriers to SC on
construction projects is essential to enhance timely decision-making by the construction
team.
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1 Introduction

Construction projects involve multidisciplinary stakeholders' decision-making to deliver
projects to the client's requirements (Yu & Leung, 2018). Traditionally, the decision-
making process and updating information on construction projects are carried out
physically. Meanwhile, the advancement in information technology and the coronavirus
pandemic have necessitated embracing dynamic methods of updating construction
information and data. Through smart computing (SC) technologies such as proximity
sensors, global positioning systems, communication networks, machine-to-machine
(M2M), and other related technologies, construction data are updated with better
precision (Zhu et al., 2012; Farooqi et al., 2018; Liu et al., 2019). In addition, outcomes
of construction projects such as project performance, sustainability, organisational
reputation, and other metrics are simultaneously enhanced by adopting innovative and
intelligent technologies (Nizeti¢ et al., 2019; Mewomo & Ejidike, 2021; Zhu et al.,
2022). Meanwhile, the applications of these SC technologies on construction projects in
developing countries are limited.

Construction projects in developing nations are characterised by poor project
performance, stakeholder dissatisfaction, and project abandonment (Aibinu & Jagboro,
2002). For example, in the Nigerian construction industry, seventy per cent or more of
construction projects are not delivered on time (Aibinu & Jagboro, 2002; Akinradewo et
al., 2017). Other adverse circumstances bedevilled the Nigerian construction projects,
from which other developing nations are not exempted. It is important to note that the
outcomes (project-related, organisational-related, social-related, or government-related.)
of construction outputs are a function of the team decision-making process of the
stakeholders. Sadly, the construction industry in developing nations does not apply a
systematic and logical team decision-making process (Oke & Aigbavboa, 2017; Ojo &
Leung, 2021). Adopting a systematic decision-making process on construction projects
is vital to achieving the desired objectives. Therefore, to avoid poor outcomes on
construction projects and enhance the decision-making process fitting for the twenty-
first century, a survey needs to investigate the barriers to SC adoption. Understanding
SC's underlying issues in the team decision-making process is vital to provide the
necessary solutions to poor project outcomes.

This research will benefit stakeholders such as clients, government, workers, and
construction professionals in the built environment by identifying the significant
impediments to real-time information and communication updating for effective team
decision-making. Also, the next part of the paper reviewed SC and several barriers
highlighted by previous researchers. The third section discusses the research approach
used to garner data and the analysis adopted. Section four revealed the results from the
survey and the implications of the research, while the last section was the conclusion,
recommendations, and area for further studies.

2  Literature Review
According to Bartels (2009), SC is a new generation of embedded hardware, software,

and networking protocols that give information technology systems with real-time
awareness of the real world and advanced analytics to help people make better
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intelligent decisions about options and actions that improve business processes. On the
part of (Lee et al., 2012), SC is defined as a personalised user-oriented computing
through the application of intelligent and lightweight of computing resources, including
hardware, software, and user service. Through SC, team members provide accurate
information tailored to the user's current situation for effective management (Lee et al.,
2012).

SC techniques have been used to solve notable problems in manufacturing organisations
(Weilin et al., 2014), energy (Bharti & Dubey, 2018), healthcare (Cai, 2021), and a lot
more. However, the application in the construction industry is very minimal. Thus, the
limited applications on construction projects could be linked to some barriers.
Generally, one of the key hindrances to applying technological techniques is the lack of
technical know-how (McNamara & Sepasgozar, 2018). Logically, construction projects
would not benefit from SC when the practitioners have limited or no knowledge of it.
Besides, the lack of knowledge on the benefits may hinder engaging experts from
developing nations to educate construction practitioners in developing countries.
However, the application of SC technologies may be limited to the projects handled by
experts in big multinational companies. Therefore, inadequate professional expertise in
SC would hinder most construction projects from achieving the expected advantages
(Zhao et al., 2017). On the other hand, a lack of capital to enrol in training for
construction professionals or apply SC to construction projects may also be a barrier
(Ojo et al., 2021).

The inertia to change of professionals is also a major barrier to technological innovation
acceptance by stakeholders (Olawumi et al., 2018). In most situations, most aged
professionals who are primarily used to undertaking construction projects with
traditional methods may be reluctant to embrace innovative methods, especially when
such smart techniques require a financial outlay of the organisation. Meanwhile an
organisation may experience itch-free obstruction to SC adoption when the senior
officials of the establishment are aware of the advantages of the smart methodologies to
the delivery of construction projects, project performance and organisational reputation
(Zakara et al.,, 2013; Olawumi et al., 2018). The problem associated with the
unwillingness of clients to pay for additional services of using innovative techniques on
their projects may be reduced when senior officers in construction organisations are not
oblivious of SC techniques. For instance, some organisations with reputable stand-
through timely delivery of mega projects to required outcomes can easily convince
construction clients and assure them of the value-adding capabilities of the techniques.
In addition, professional complacency that younger construction professionals may want
to display can be overcome when senior management is well informed on latest
intelligent technologies.

Another common obstacle to the adoption of smart technologies is the uncertainty of
data security on web platforms (Berglund et al., 2020; Oke et al., 2020). Establishments
are very cautious of confidential documents and information because of the need to
protect their image and remain competitive in the global market. Considering
construction projects where vital information such as 'cost' are often kept secretive from
other bidders at the tendering stage or other stages of the project, updating such
confidential information using smart technologies may be a threat. Meanwhile, such

268



fear of data insecurity may be abated when the stakeholders ensure optimum ethical
practices (Lu et al., 2011). Besides, the government can also provide policies that frown
at the infringement of data while simultaneously encouraging the use of SC techniques
(Abubakar et al., 2014). The inputs of the governments would be a key driver to the
adoption of smart technology methodologies by other construction clients.

3  Research Methodology

Through a survey research design, this study investigated the barriers to SC on
construction projects in the Nigerian construction industry. The survey research design
helps to source opinions of multiple stakeholders, obtain a large response, and compare
their perceptions (Flynn et al., 2018). In this study, the opinions of quantity surveyors,
architects, builders, and engineers in Lagos State, Nigeria were purposely solicited
because of their critical roles in construction project development. Lagos State was also
selected because it is a commercial hub of Nigeria and the seat of many construction
firms (Oke & Ogunsemi, 2013). With Yamane's formula at a 5% precision level, 372
sample sizes of the four construction professionals were determined from a population
of 5,330 registered construction practitioners sourced from Lagos State chapters of the
respective professional institutions. A structured questionnaire comprising the
respondents’ background information, and the barriers to SC on construction projects in
which the professionals are required to indicate their level of agreement on a five-point
rating scale was designed. Of the 250 questionnaires that were successfully distributed
through convenient sampling, 94 were returned, representing a 37.6% response rate.
Although the response rate is limited, it is above the 20% threshold that is commonly
adopted in quantitative research (Foshacht et al., 2017). Therefore, analysis can be
conducted on the limited questionnaire retrieved. Descriptive and inferential analysis
using Statistical Package for Social Sciences (SPSS version 25) were conducted to
achieve the aim of the study. The normality of the dataset was determined using the
Shapiro-Wilk test. The results of the Shapiro-Wilk test indicated that the data is not
normally distributed with p-values of the barriers that are less than 0.05 (Corder &
Foreman, 2014). Therefore, the Kruskal-Wallis H test, a non-parametric test, was used
to determine the differences in the opinions of the respondents.

4 Findings and Discussion

The respondents to this study comprised architects (27.7%), builders (6.4%), quantity
surveyors (23.4%), and engineers (42.6%), all of which are registered members of their
respective professional institutions. Most respondents (71.3%) have more than five
years of working experience in the construction industry. The academic qualifications of
the respondents are ordinary national diploma (4.3%), higher national diploma (53.2%),
bachelor's degree (6.4%), master's degree (24.5%), and doctoral degree (11.7%). Based
on the respondents' background information, it can be inferred that they are
professionally and academically qualified to provide a valid response to the survey.

Table 1 shows the results of the mean score, standard deviation, and Kruskal-Wallis H
test on the barriers to SC on construction projects. According to the architects’ group,
the mean score on the twelve barriers ranges from 3.69 (inadequate technical
knowledge) to 4.65 (client's unwillingness). To the quantity surveyors, the barrier with
the highest mean value is social and political non-motivation (M=4.32), while
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inadequate technical knowledge ranked highest among the builders with a mean score of
4.67. On the part of the engineers, the client's unwillingness has the highest mean score
of 4.83. The mean scores of all the barriers in the four categories are above the threshold
of 3.50 with which an item can be denoted critical (Harada et al., 2015). Besides, the
standard deviations of most of the barriers in all the groups are below 1.00. The
standard deviation values indicated that the variability of the respondents’ opinions in
each group is minimal (Aghimien et al., 2018). The Shapiro-Wilk test reveals p-values
that are less than 0.05, indicating that the data is not normally distributed. Therefore, a
non-parametric test was employed to check the difference in the opinions of all the
categories of the respondents on the barriers. The results of the Kruskal-Wallis H test
indicated that significant differences occurred in five barriers namely inadequate
technical knowledge (0.018), client's unwillingness (0.001), professional complacencies
(0.001), protection monopoly (0.001), and lack of government policies (0.0018). It
implies that the respondents have similar views on the remaining seven barriers to SC
on construction projects.

Table 1: Barriers to smart computing on construction projects in a developing nation

Barriers S-W | AR (N=26) | QS (N=22) BLD ENG K-W
(Sig.) (N=6) (N=40) | (Sig.)
M SD M SD M SD M SD
Inadequate technical 0.000* | 3.69 | 0.79 | 4.14 | 0.99 | 4.67 | 0.52 | 4.25 | 0.78 | 0.018*
knowledge
Data insecurity 0.000* | 3.85 | 0.83 | 4.18 | 0.73 | 4.00 | 0.89 | 4.15 | 0.77 | 0.409
Awareness level 0.000* | 3.85 | 0.83 | 3.95 | 0.95 | 4.17 | 0.41 | 410 | 0.78 | 0.616
Lack of professional 0.000* | 3.92 | 0.74 | 4.00 | 0.93 | 3.83 | 0.41 | 4.18 | 0.75 | 0.493
expertise
Older professional 0.000* | 3.77 | 0.76 | 4.27 | 0.77 | 417 | 0.41 | 413 | 0.72 | 0.107
resistance to change
Client’s unwillingness 0.000* | 4.65 | 0.49 | 4.23 | 0.69 | 4.67 | 0.82 | 4.83 | 0.38 | 0.001*
Professional complacencies | 0.000* | 4.31 | 0.68 | 4.00 | 0.87 | 4.33 | 0.82 | 4.78 | 0.42 | 0.001*
Protection monopoly 0.000* | 431 | 0.74 | 4.09 | 0.81 | 4.67 | 0.82 | 4.78 | 0.48 | 0.001*
Lack of initial capital 0.000* | 4.58 | 0.64 | 4.00 | 1.11 | 4.33 | 0.82 | 4.60 | 0.59 | 0.101
Lack of market familiarity 0.000* | 4.12 | 0.82 | 4.23 | 0.97 | 450 | 0.55 | 4.40 | 0.63 | 0.526
Social and political non- 0.000* | 4.04 | 0.87 | 4.32 | 1.09 | 3.83 | 1.47 | 4.38 | 0.63 | 0.325
motivation
Lack of government policies | 0.000* | 3.88 | 0.71 | 4.22 | 0.72 | 433 | 0.82 | 4.45 | 0.60 | 0.018*

Note:M = Mean, S.D. = Standard deviation, AR = Architect, QS = Quantity surveyor,
BLD = Builder, ENG = Engineer, S-W = Shapiro-Wilk test, K-W = Kruskal-
Wallis H test, * = Significant at 0.05.

Based on the results of the Kruskal-Wallis H test, there is a need to conduct further
analysis to determine the group of construction professionals where the significant
difference occurs. Therefore, a posteriori analysis using a pairwise Mann-Whitney test
with the application of Bonferroni adjustment for the controlling of Type 1 errors was
conducted (Bowen et al., 2021; Cohen, 1988). The results with adjusted significant
value are mainly considered in Table 2. The significant difference noticed in inadequate
technical knowledge between the ‘architects-engineers’, and 'architects-builders' groups
with the values of 0.010 and 0.011 were not later considered vital through the
Bonferroni adjustment. The significant difference on the client's unwillingness mainly
occurred between the quantity surveyors and engineers, while the significant difference
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of lack of government policies existed between the architect and engineers only. In
addition, the significant difference in professional complacencies, and protection
monopoly occurred between the quantity surveyors and engineers, and architects and
engineers. Considering the results of the post hoc test on the client's unwillingness,
quantity surveyors are usually prudent with cost and thereby give financial advice to the
client. Meanwhile, engineers are not detailed in cost preparation for construction
projects (Oladinrin and Ojo, 2021). Since quantity surveyors are the principal cost
advisers on construction projects to clients with professional skills of cost-saving, the
clients can be unwilling to invest in additional expenses that SC may require.

Although a detailed discussion based on the significant difference between the
professionals is not provided, an explanation of the five barriers with significant value is
presented.

Table 2: Post Hoc Test of Barriers with Significant Difference

Barriers Test SE Std. test | Sig. Adj.
statistic statistics Sig.

Inadequate technical  |Architects - Engineers -16.754 | 6.461 -2.593 | 0.010* | 0.057
knowledge

Architects - Builders -29.404 | 11616 | -2.531 | 0.011* | 0.068
Client’s unwillingness |Quantity surveyors - Engineers | -24.064 | 5.974 -4.028 | 0.000* | 0.000*
Professional Quantity surveyors - Engineers | -25.005 | 6.438 -3.884 | 0.000* | 0.001*
complacency

Architects - Engineers -17.146 | 6.110 -2.806 | 0.005* | 0.030*
Protection monopoly |Quantity surveyors - Engineers | -22.220 | 6.297 -3.569 | 0.000* | 0.002*

Architects - Engineers -16.261 | 5.976 -2.721 | 0.007* | 0.039*
Lack of government  |Architects - Engineers -19.523 | 6.304 -3.097 | 0.002* | 0.012*

policies

Note:SE = standard error, * = Significant at 0.05.

Inadequate technical knowledge connotes the prowess of construction professionals in
SC. Applying innovative methodologies to construction projects is primarily hinged on
the technical expertise possessed by the professional (Frame, 2003). Technical know-
how in using smart technologies of the twenty-first century is important for construction
professionals to remain relevant in the global competitive market. Besides, the delivery
of construction projects on time and the satisfaction of the stakeholders.

The client's unwillingness is also a significant hindrance to SC on construction projects.
To a large extent, construction clients (private, corporate, or public) are the great
determinant of the construction process and progress. Besides, clients are the major
determinant of the kind of professional services practitioners should render on the
construction project. Past studies have revealed that the unwillingness of clients in
developing countries to pay beyond the traditional services of construction professionals
IS an obstacle to providing innovative services on construction projects (Oke &
Aigbavboa, 2017). In contrast, clients in developed nations are often willing to pay for
additional services for innovative and technological approaches for better delivery and
quality standard of construction projects. The inadequate knowledge of construction
professionals in developing countries may also be attributed to the reason why the
clients can be convinced. Client's willingness to pay a premium for SC must be
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considered before a professional used it on a construction project (Ben-Yehuda et al.,
2014).

In the analysis, professionals’ complacency is another significant barrier to SC on
construction projects in developing countries. Professional complacency depicts a sense
of satisfaction with the present capabilities in discharging their duties to construction
clients. Meanwhile, construction practitioners in developing countries predominantly
employed traditional methods in undertaking their professional services. The present
perceived satisfaction of the professionals creates an obstacle to the unwillingness to
engage technological approaches on construction projects. Through the professional’s
complacency, the construction clients could not be convinced of the importance of
technology to the delivery of construction projects.

Significant value was also obtained in protection monopoly based on the analysis
results. Due to the dynamic nature of the construction industry in which
multidisciplinary stakeholders work as a team to undertake construction projects, some
level of ego-driven mindset is often noticed to protect individual professional status
(Tang & Liao, 2021). The traditional mindset of professional hierarchy and
communication often causes a monopoly of ideas that may benefit the project. Thus,
construction projects may suffer the applications of innovative methodology if the team
leader does not appropriately control the protection monopoly of professionals.

Based on the analysis results, lack of government policies is also of significant value in
the study. The government's input is indispensable in setting the construction industry
and other sectors on course. Lack of government involvement in providing guiding
policies and their implementation is often a major hindrance to embracing new changes
in the construction industry (Ojo et al., 2021; Toyin & Mewomo 2021). Besides, lack of
enforcement of the government policies is also a critical obstacle in a situation where
policies exist. The construction practitioners and other clients often respond quickly
when the government puts policies in place and enforces them. Therefore, a swift
response from the government in providing policies that enforce SC would encourage
construction organisations and other clients.

The findings from this study make three major contributions to theory. First, an
empirical study on the barriers to SC in construction projects was provided in this study.
Secondly, the significant barriers that demand quick attention of construction
stakeholders were identified through statistical analysis. Lastly, this study adds to the
limited literature on SC in the construction industry.

5 Conclusion and Further Research

This study investigated the barriers to SC adoption in a developing nation to determine
the critical ones. Descriptive and inferential statistics were conducted based on the data
collected from construction practitioners on the barriers to SC in construction projects.
The analysis shows that inadequate technical knowledge, client unwillingness,
professional complacency, protection monopoly, and lack of government policies were
the barriers to SC adoption with a significant difference. The analysis shows that the
five barriers are professional-related (inadequate technical knowledge, professional's
complacency, and protection monopoly), client-related (client's unwillingness), and
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government-related (lack of government policies). Interestingly, construction
professionals, clients, and government are key project stakeholders. Therefore,
proposing solutions to lessen these obvious barriers to the adoption of SC on
construction projects is important.

To reduce the professional-related problems to the adoption of SC on construction
projects, it is advised that construction practitioners be trained on the use of SC
technologies, and its immense benefits to project delivery. The client's unwillingness
can be reduced through the knowledge of construction professionals in stating the
importance of SC to project performance and other outcome metrics. Finally, it is
recommended that the government provide policies that support the use of SC
technologies on construction projects. Besides, enforcement of such policies by placing
sanctions on defaulting organisations is also vital.

Although this study achieved the objectives through the various statistical analyses, the
results may not be generalisable for some factors. First, the chosen area for this study is
a major city with constant ongoing construction projects and the seat of construction
companies in Nigeria. However, the opinions of the construction professionals in other
countries may differ, resulting in different results. Secondly, the barriers used in the
study were sourced from extant literature, there may be other unique barriers that are
not captured in this study. Therefore, a qualitative study can be conducted to identify
other hindrances to adopting SC technologies for construction projects. Lastly,
investigating the opinions of construction professionals on the barriers to SC adoption
can be conducted in other developing nations.
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