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APPRAISING THE RENEFITS AND CHALLENGES OF IMPLEMENTING ARTIFICIAL
INTELLIGENCE IN THE NIGERIAN CONSTRUCTION INDUSTRY.

NKOLLO, O, W.; & BAlDL, 1.
Department of Quantlty Surveying, Federal Liniversity of Technology, Minna, Nigeria

ABSTRACT

The construction indusiry I8 currénily eaperiencing a irnsformation from tradifional, hierarchically organised
construction sites 1o digital and more aulonamois ones. A shifl is taking place, and the development of digital is
advancing 5o fasi that the industry struggles 1o keep up, In view of this, the siudy was aimed ai appraising the
benefits and challenges of implementing artificial intelligence In the Nigerian construction industry, The study
adopted a mixed-methods research design that combined both quantitative and qualitative research approaches.
The research population for the quantitative dala was the 255 construction firms registered with the Abuja Business
Directory. Oul of which, a sample size of |50 was obinined. While ihe population for the qualitative data wers
constraction professionals domiciled in Abuja, using the simple random sampling method, the collected data from
the questionnaire were analysed using the mean item score (RIT), and the qualitative analysis was done using
interviews and analysis camiad out using deductive analysis. The study revealed thal 46.7% of the mmpled
professionals were nol aware of the implementation of Al in industry. The findings revealed the most important
benefit af artifizial intelligence (Al} implemeniation in the construction industry is “Job creation™ (MIS = 4.55)
The findings revealed the most significant challenges faced in the implementation of artificial intelligence (Al n
the construction industry; “Al technologics require high initial costs ta oblain acourate data™ (MIS = 4.60). It was
therefore concluded that the application of Al toals would significanily improve practices on construction sites in
Abuje. There is therefore a need for construction firms 10 embrace the use of Al tools 1o improve the safety
performance and practices of thefr employees, 11 was recommended that the majority of construction profiessionala
have insufficient knowledge nbout the use of Al tools at building sites. Consequeritly, it is necessary o armange
seminars, workshops, and conferences 1o enlighten these experts aboul the advantages of using Al woly on
construction siles.

Keywords: Assessment, Artificial Intelligence, Construction Indusiry, Implementation

Introduction

The construction secior has a cruéial role in improving the economy of countdes (Vorakulpipal ef ef, 2010).

However, rapid advances in digital technology are redefining the world today (De Almeida ef al, 2016). The

comsiniction ndusiry s eurrently experiencing transformation from traditional, hiemrchically organized

construction sites o digital and more sutonomous ones. A shill is taking place, and the development of the digital

is advancing so fast that the industry struggles to keep up (Harty ef al, 2015). Although the construction industry

is elaimed fo be digitized and with a low productivity development compared to other industries, however, the

right implementation of digitization will increase eMciency of the building process (Barbosa et al,, 201 7). Thus,

more sdvance technology such as Artificial Intelligence (Al) Is naw entering the industry (Schia etal,, 2019). This
is confirmed by Mohamed et al. (2021) that the world Is embracing the rise of use of Artificial Intelligence (Al)
a5 2 fundamental shift in the construction [ndusiry.

Artificial Intelligence (AT} has been studied for decades and is still ong of the mosi challenging subjecis in digital
computer (Rebinson, 2018). Artificial Inteligence (AT) models have evidenced their capacity to solve dynamic,
unceriain and complex tasks (Yascen et al,, 2020), However, according to Robinson (2018), Al is taking lhe world
by storm, considering the application af its innovallve wses across all industry segments. Al makes il possible for
machines 1o leamn from experience, adjust 1o new inpuis and perform human-like tasks, Examples are computers
learning to play chess or Jeopardy using Al, for infelligent assistants {Siri; Alexa) or for self-driving curs {Prieto,
2019). Al can auomale severnl opermions and increase (he efficiency of the building process (Salehi and
Burguefio, 2018). Al could help to enhance the project quality within the praject duration, cost and design by
emerging the latesi technology in the constreciion indusiry (Mohamed, et af, 2021

The adoption of Al techniques has helped to enhance automated and provide better competitive advantages as
compared 1o conventional approaches (Chlener al, 2020), The subfelds of Al such as machine leaming, natural
language processing, robotlcs, computer vision, optimisation, sutomated planning and scheduling, have been
applied to tnckle complex problems and suppori decision-making for real.world problems (Rao ef al, 2021).
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Than, socording ta Execloli of af (2019} the applicabion of digital techmologies skifls and its transformsiin in
ihe wrudy srew i sl ot feumbstion bevel. However, 839 al construction professionsls are satisMed with their firm's
readinem ko diginal tremformation. This affioms the study of Bolian (2018), who confinmas ihe impleamentsibm of
Als & digieal sransformation

W is evadent that this Al revolaton has led to significant process improvements, cost-efficiency, reduced productson
times, improved safety snd helped fo schieve floma’ sustainability goals (Ajayl ¢t of, 2020). However, the
comtrocton mdwry is yei & reap sgnificant benefi from Al despite its exining challenges (Abioye efal, 2021}
Hence, thin sudy focuses on appratsing the benefity and challenges of implementing anificial intelligence in the
Nigenan conmruction indusry,

LITERATURE REVIEW

Benefin of Artficial Intelligeace (Af) Implemestation In the Contraction Indutry

There is & range of opparmunities that new ischnalogies bring to  comstruction project. It pives companies &
competitive sdvantage by lowering costs and increasing efficiency, Adaplive manufacturing is & gowing concept
thatl introduces Mexible machines capable of customazing pan prcductions and enabling new cost-effective building
mecthods (Delgago of al. 1019). This new method leads io the potential modification of jobs by combining
plamning, desipn, and construction tasks. It is critical that uwiers acknowledge the benefits and performance
enfancement that Al may bring 1o a comtruction site [0 adopt new technologies into iheir projecs effectivedy
(Pillsi s al, 2000).

. Waitz Mazagement sni Resources: The smount of resource waste Is growing rapidly on a yearly basis
due o rpid development (Schonbeck of af, 2019). Companies are becoming more waste aware and are
implemnenting proactive data-driven approaches thal minimire waste through analytics (Eber, 2020}
Wasie analytics 15 dependent on different sources of dals, such as building design, materinl properties,
und construction straiegies. Al icchnologies are needed to tum information fnie relevani wasie
managemeni strategies. These siralegies include the optimization of offsite construction, materal
sclection, reuse and recovery, waste-efficient procurement, deconstruction, and Nexibility (Ajayi of ail.
20200,

1. Estimation snd Scheduling: Al application models are important ko sccurately forecasi construction
costs and project timeline. Frojects that do mot have sccurate costs and (ime estimation have large
Fnancial implications {Aparicio ef af, 2020).

). Comstruction Slte Anatytics: Construction sites constanily transform and incorporsie new iechnologies
io become smarter working environments. loT sensors and other digital technologies are becoming mare
Eppareni oa pites 1o generale valustion data. A large volume of data is genermied from comstruciion siles
and is moslly unstructored. The wse of Al can structure the datas genemied and analyse the dals @
optimize site performance in all key areas such as planning, design, safety, quality, scheduling, and couts
(Lin ef af, 20121).

4.  Job Creatlon; Based on the Hierfure review, conatriuction jobs thal requirs law o medium edusation
are ot & higher risk of becoming redundand. This is evident as, by 2030, 18-45% of these jobs will be
completed by sutomated analytics or robotics (Araujo ¢ al, 2018),

3. Sapply Chaln Manageteni: There are common supply chain management (SCM) (ssues evident in
the construction industry. The 5CM is a costly and complex process, and the lack of specific performance
meazuremmenl frameworks, orgenization trust, and communication chanpels risks s succeas (Oyedels,
W0in

6.  Health snd Safery: Advanced analtytics can reduce the risk of workplace sccidents by using predictive
snalytics. The comstrisction industry records o significant nizmber of injuries compared to other industriel
(Winge e1 2l 2019) and others.

—

BN Benelis Sources

7 Aim for Betier Design Quality Ellls, (2023); Oeorge and
Hewion, (2022).

¥ Enhance Job Site Safety Ellis, (2022}, OGeorge and
Newion, (2022).

9 Risk Assessment and Risk Reduction Ellis, (2022); George and
Newton, (2022),

10 Can be used in predicting building material properties  Doroshenka, (2020)
1 Are wed 1o detect selsmic signals caused by soil Doroshenko, (2020)
vibrations and earthquakes.
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12 Congtruction Fauipment Deteetion and Tracking finesch, (2011)
13 Managingg and Maintaining Assets with Compuiter Vision  Hoesch, {2021)
14 Controlling Quality with Automation Hiesch, {2011)
15 Analysing and Optimizing Processes Wi el all., (20213)
16 Tracking and optimizing processes Wu et al., (2022)
17 Help  classify  clauses ns  requirements o Wuelal, (2027)

nofrequirements  or as  distinel  ealegories (o4,
construction, design, operation,
maintennncel.
18 Help in predicting and elussifying salety risks based on ~ Wu et al,, (2022)
risk levels or types (such ns environmental, Mnangial, nnd
political) is possible,
19 Help in scheduling and Cost Managemen! W et al., (2022)
20 Help to evaluate incldent severlly, prioriilse O&M  Wu et al., (2022)
actions, and provide adviee for Miture
infrastructure projeet

Challenges Faced in the lmplementation of Artificial Intelligence (A1) In the Construction Indusiry

The construction industry is behind manufaciuring and transportation to adopt Al, as it is still in the mitial
conceptual phase of development (Bigham ef af, 2021). Technology challenges vary, depending on the project’s
size, labour and capital intensity, industry sector, technologies used for projects, and the types of firms that use the
technology (Hager et al, 2016). According to Mohammadpour ef al, (2018), a significant barrier for businesses to
embrace Al is the complexity of tasks performed by analytics. This is potentially caused by the higher variability
and volatility of construction sites and the urban envirenment, Al requires [nrge amounts of datn fo train al gorithms
and identify patierns in which only a limited number of people can interpret data from these plaiforms, resulting
in limited economies of scale, impeding innovation nnd digitalization (Pacletti ef al,, 2016; Ribeiro ef al, 20016).

Cultural Issues: Construction sites are constantly changing and require Al to learn and sdapt to these
new environments, Traditional methods are priontized over un-trusied technologies due to the risk
associated with construction, as mistakes can lead to high financial implications. The disjointed nature
of the construction industry makes it difficult to change. Successful transition from traditional to future
models requires compatible design, menagemenl, Isbour practices, and site operation proctices
(Nagendra et of, 2018). Consequently, os construction is performed and requires multi-point
responsibility from difTerent project disciplines, individual organizations contrl construction phases. It
is difficult for Al lechnologies to be effective withoul these disciplines sharing commen interests
throughoul the project cycle (Pan ef af,, 2021; Hardie ef al, 2005), Therefore, it would be beneficial to
Leke advantage of lechnologies such as blockehain to improve trust and transparency (Zovadskas ef al,
2010},

Security: Despite the improvement in Al security, it can still be targeted by eyber criminals. This is a
eritical issue, as it can have fimancial Implications and comprise the safety of construction works. For
example, a compuler visjon system can be hacked o misiabel a construction worker working at height.
Construction companies will need 1o implement machine leaming (ML) techniques that reduce the
exposure of high-level sensilive data (Hasegawn ¢ @l 2006),

Higher Inltial Costs: The benefits that Al may bring to a construction site are Indisputable. However,
Al technologies require high inltial costs 1o obisin accurale data, This may be unalfordable for most
subcontractors and small firms that make up most of the construction indusiry. The high upfiont costs
require a considerable financial commitment for R&D and application purposes, and these investments
will be at increased risk and taking this rlsk in a highly competitive market. Smull o medium-sized
business firms cannot invest in sysiem-level technology and thus cannol benefit from technological
breakthroughs (Afzal e al, 2017). In addition, there is a high cost of owning and using these Al
technologies as they are not fully developed and need Investment constantly to keep up to date with the
advancement of the technology (Ali et al, 2019), Therefore, It is imperative that firms determine the
cost saving thal Al may bring to a project and decide whether it is feasible, As Al in construction
continues to expand and becomes more prevalent in construction, the process is expected to lower and
become more affordable for smaller businesses.

4 |pPage



BUK KANO-2023

BAYERO UNIVERSITY, KANO, KANO STATE, NIGERIA

Proteedbigs of the Aveidemie Cenfrerare of KuboSaharn Afriean Arnilemie feseareh Fahiioailoss ne Alrioin Pafenilai for Saitainakls
Ihev sbmpaneind In (e 100 € eniury) Milib-dlssiplinery Approaih Ve, I8 fa. 1, 3900 [leeembar, 2010

{nvolves professionals who are of dilTerent elds, The dencripiive analysia was employed to analyze the dota using
descriplive inols which inglude: mean iteim scare (MIS1 and ranking methods

Resulis and MMecosslon

Memographle Characterisiles

Table | shows the demographic charscterisiies of respondents, As regards the professional backgmund of the
respondents, 48.0% were quantity surveyors with a majority, followed by engineers with 20L0%%, architects with
13.3%, and builders with 8,6%, while others, such ps safety officers, had a minority with 6.6%, The major
professions in the Nigerian construction industry are well represenied.

As regards educational qualification, 41.3% have n bachelor degree, 33.3% have o master degree, 18.6% have a
Higher National Diploma (1IND}, 5.3% have a National Diploma, and 1.5% have a doctorate qualification. It was
revealed thai the respondents are adequaiely educaied {o provide meaningful information for this research.

For the professional qualifications, 40.0% of the respandents were MNIQS/QSRBN members, 22.0% had other
professional qualifications such as HSE, MNITF/TOPREC, | 6.6% were MNIOB/CORBON memberz, 114%
were MNSE/COREN members, and 10.0% were MNIA/ARCON members.

In the case of years of experience, 3.3% of the respondents have nbove 20 years of working experience, 17.3%
have 1-5 years of working experience, 20,7% have | 1-15 years, 22.0% have 6-10 years of working experience,
and 36.7% have working experience of 16-20 years. This implies that the respondents are well-equipped 1o provide
valuable information for this research.

Regarding the level of awareness of the implementation of Al in industry, the majority (46.7%) were aware, 30.7%
were moderately aware, and 12.7% were not aware, while the minority that constituted 9.9% were highly aware.

Table 1: Demographics Characieristics of Respondents

Varables Frequency Perceniage (%)
Profession Archliect 2 133
L Builder 13 8.6
Engineer 30 20,0
Esiate Surveyor 0s 15
Chuantity Surveyor T2 45.0
Dihers 10 b6
Total 150 100.00
Highest academic qualification ND L 33
HKD 2B 15.6
BSe/BTech &2 413
MSe/MTech 50 313
PhD 2 1.5
Tuoial 150 1 040,040
professional qualification MNIA/ARCON 13 0.0
MNIOR/CORBON 25 16.6
MNSE/COREN 17 A4
MNIQS/IQSREN -14] 40.0
Dihers 13 220
Tatal 150 100.00
Years of Experience | = § years 25 173
f - 10 years 1} 20
11 =15 years 3 0.7
16 - 20 years i3 187
Above 20 years : 3
Tuolal 150 100.00
Level Awareness of the lmplementatlon Al Nol aware 0 48,7
: Moderntely Aware b Jo7
Awire 19 127
Highly Awars 13 9.9
Taoial 150 100.00
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Results and Discuvilon on henefits of Artificial Intelligence (Al) Implementation in the Construgtion
Industry
Table 2 Presents ihe result of the benefits of anificinl intelligence { Al} implementation in the construction industry

Table 2: Resulin of Renefits of Ariificlal Inielligence (AT} Implemeniation In ihe Comirncilon Indusiry

CODE__ Safety Praciices MIS _RANK DECISION

R Joh Creation 455 ¥ Very -Important
Bl Health and Safety 440 2™ Very -Impartant
B2 Supply Chatn Management 430 Very -Imporant
B4 Construction Site Analytics 425 4 Very -Importani
BS Estimation and Scheduling 415 = Very -Important
Bh Wagte Management and Resouroes aln ek Impartant

B7 Aim for Better Design Quality 400 "h [rmportant

BS Enhance Job Site Safety 195 e Important

B Rigk Assessment and Hisk Reduction 190 W Important

BIO Can be used in predicting building materal properties 190 h Impaortant

Bl Are used to detect seismic signals caused by soll vibrations and 385 1% Impartant

eanhquakes.

BHIZ2 Construction BEquipment Detection and Tracking i8n 1 mportant

BI12 Managing and Mainmining Assets with Compuler Vision .79 1m Important

Bl4 Controlling Guality with Automation 175 e Important

BIS  Analysing and Optimizing Processes 174 1 Impartant

HIA Tracking and oplimizing processes 1.7 1= Impariang

817 Help classify clauses as requirements or nanrequirements oras  3.70 I Imponant
distinct categories (e.g., construction, design, operation, and
marntenance ),

BIE Help in predicting and classifying safety rsks based on rsk 168 1% Impartant
levels or types (such & environmental, Angncial, and palitical)

is possible.
BI19 Help in scheduling and Cost Management 365 Wb Imparant
B2  Help to evalunte incident severity, prioritise O&M actions,and 3,60 2% Important
provide advice for future
infrastructure project
Average MIS 104 fmporiant

Table 2 reveals twenty (20) identified benefits of artificial intelligence (Al) implementation in the construction
industry, which are all very imporiant, with MIS ranging from 4.35 to 3.60. The most important benefit is *job
creation™ (MIS = 4.55), while the least important one is “Help to evaluaie incident severity, prioritise O&M actions,
and provide advice for future infrastructure project™ (MIS = 3.60). The average MI5 value shown is 3.94. This
also reveals that all the identified benefits of artificial intelligence (Al) implementation in the construction industry
are very important. This i in andem with past studies from Delgago ef al, 201%; Pillni ef al, 2020; Schonbeck et
al. 2019; and Eber, 2020, which {deniified the benefits of artificial intelligence (Al) implementation to inclede:
wasie management and resources; estimation and scheduling; and Job creation. Furthermore, Al has the possibility
1o resolve organisational trust and communication issues that have hindered the use of SCM in recent years. Al
can delect polential issues and ensure eMiclent delivery by managing the entire supply chain (Ajevi er al, 2017)

Results and Discussion on Challenges faced In the Implementation of artificial intelligence (Al) in the
construction Industry
Table J gives a summary of the MIS results of the challenges faced In the implementation of srtificial inielligence
(AT} in the construction indugiry,
'Il"ﬁ].' HResults of Challenges faced [n the Impléementation of artificlal intelligence (Al) ln the construction
s ry

CODE  Challenges faced In the fmplementation of ardficlal MIS RANK DECISION

Intelll Al} In the comstructlon Industry
4 :.l“lﬂﬁnﬂﬁli" require high initial costs 1o obtain sccurate 4.60 1® Very Significant

Cl Traditional methods are prioritized over un-rusted 4.50 2¢ Very Significant
technologies due 10 the risk associsted with construction, 1s
mistakes can lead 1o high financial implications

<7 The construction Industry has created siandards that make it 435 3" Significant

difficult 1o share information between companies due o
Imtellectual property issues
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c Dtz the mproveend 8 Al seventy, i cen il be trgeted 430 4% Sigruficant
by cybor cnimimala
o The develcpment of consnuction robets 5 techmologically 405 ™ Sa pruficent
chullorgmy dor o the conzestly chEnging emvironment of the
mm
3 The work process is conpley, sonsepetitive, snd dependion . 408 & Significast
the wearher, labowr, znd hocal burldmy regulanons
s Thaere s & solsd oenistions) bartierin e comstroction industry, 400 27 Sigruificat
= wxhnology may replasce workers, nesulting in higher
el vImes] fEcs
(] Negatrve socisl impact 199 * Significant
= Big dam hewfimg 195 9 Significant
Cio Poweriul computers and relisble internet access %0 10 Significznt
11 Lack of =leni EF T | L Signaficam

Ci5 Lewrning from sincamning data, dealing with high-dimensions) 385  12® Significant
dsta, scalsbilny of models and distribanad computing.
20 Al sppliicatons ae highly specialized and peed comstamt 350  13% Sizonfat

algovitons training to ity patterns

C18 Thae fragmeonied nature of Lhe aestrocton indesiry sy resalt. 378 149 Signficam
in data scemaly.

c17 Lﬂﬂmﬁmmummwu 1715 1 Sisnificant

Ci2 Implememation of Al reoumires bosines=s o move w3y from 373 16® Stemificast

Cié High impact on traditionsl skillk 2nd may impect job 370 17 Significent
availsbiliry.

Cit Non-s=nd=rdiz=sion of 8 consmcion project mebes i difficult 369 152 Signincam
o implement AL

Cii Eiisicsl, mial, and legal fssies that sre yoi o be addressad by 3165 195 Siznificen
the envermmenl or instmtions] bodss,

C19 Mulg-poini respomsibility between sizkcholders may redoce 3163 205 Sigmrficant
geooums=hiliry.

Arveraze MIS 194 Sismificant

Tebls 3 reveals raenty (20) o=in challsngss fecod in the mplomentstion of srificial micligence (Al m the
comstruction induwsry. The two challenges are very sipnificant,. Thes: mnge fiom “Al technologies reguire high
initiz] costs i obtain accurate dats™ (MIS = 4,60) w “There & 2 solid insimwtons] barrier in the consTocton
industry, == techoology may roplece workers, nesulting in higher enemployment mes™ (MIS = 4.00L The
remaining cighiren challenges are also significant On sverage, all the idemtified chaflenges faced in the
implementztion of anificial intellipence (Al in the construction industry (aversge MIS = 3.63) This finding, as
supporied by Ali e af (2019), affirms that there is a high cost of owning and using these Al echnologies, as they
zre pot fully developed and require constant investment io keep up with the advancement of the wechnology.
Comequently, non-stsndsrdisation hinders sutomation and robotics efficiency as il is difficult to control, and it
also challenges muntuning these Lechnologies in & unstruciured environment (Taillandier ¢f af, 2015}

Conclusion And Recommendartion

Is 15 evidenn that this Al revolution has fed w significant process improvemenis, cost-¢Miciency, reduced production
times, improved salety, and helped to achieve firms' sustainability goals. However, the consruction industry is
yet 1o resp significant benefits from Al, despite its existing challenges. In view of this, the study assessed the
implementation of aruficial intelligence (Al} in the Nigerian congruction industry with a view 1o enhancing Al
employment in the construction indusiry. One hundied and i fry-sis [ 156) questionmures were adminisierad o the
research population, aad one hondred e fifty (1 50) were remrieved, representing & response rate of 96%. The ux
of descriptive statistical iechniques was enmployed for ihe analysis of the daia. Findings from the dats analyses
carried out in the study led to the conclusions made in this section. Regarding the level of awareness of the
implementation of Al in industry, the majonity of the respondents were not aware.

The study revealed that the most important benefit s “job creation, while the least impormnt one is “waste
management and resources. The study revealed seven (7) main challenges faced in the implementation of arificial
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intelligence { Al) in the construchon industry. These range from Al technologies require high initial ¢osts 1o obtain
accurate dam™ to “There is & solid institutional barriet in the construction industry, s techrology may replace
workers, resulting in higher unemployment rates * i can therefore be concluded ihat the application of Al ools
woald significantly improve practices on construction sites in Abuja. There is therefore 8 need for construction
firms 1o embrace the use of Al tools to improve the safety performance and practices of their employzes. It is
recommendad that the majority of construction professionals have insufficient knowled ge about the use of Al loals
1 building sites. Consequently, il it necessary to armange seminars, workshops, and conferences to enlighten these
experts aboul the advantages of using Al tools on construction sites.
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Project Unigueneas: Another challenge for the construction industry 1o implement Al technologies is
ihat meary every project i umigue. The work process 18 comples, non-repetitive, and depends on the
weather, labour, and local building regulations (Poh of al, 2018). Consequently, non=standandization
himsders sutermtion and rebotics efficiency, as it s difficult to contral, and | also challenges maintaining
these technologies in an unstructured environment [ Tajllandier et al, 2015).
Reboties: The development of construction robols is technologically challenging due o the constantly
changing environment of the construction process. Furthermore, these robots need to be robust, flexible,
highly mobile, and versatile (Patil, 2009), As construction sics are an unstructured environment, robols
mist be reprogrammed acconding to conditions at each site when they move around the site (Han et al,
2011 To overcome this challenge, the repetitive planning, design, and construction of baildings are
needed 1o provide an organized operting and structured environment (Shukla ei al, 20019),
Institutional Barrier: There is a solid institutional barrier in the construction industry, as technology
may replace workers, resulting in higher unemployment rates, Nevertheless, canstruction robotics can
take a significant amount of time Io set up and need constant monitoring by skilled workers (Ca ef al,
2018). Therefore, for an efficient transition (o incorporate mbotics on a construction site and become
more ordinary, a new construction profession with a strong background with specific truining in robotics,
alponthms, and soffware needs to be created (Xin &f al, 2022)

Information Sharing: The construction indusiry has created standards that make it difficuli to share

information between companies dug to intellectual property issies (Xin ef al, 2022}, These companies

have no frrmework to follow, and there is no guidance on implementing these technologies on siles

(Mohsmmadpour ef al, 2018). There is also a concern about the security, relioble siormge, efficiency,

and interpretztion of big data on sites (Na ef al, 2022}

Negative Social Impact: With the development of emerging Al technologies, society has significantdy

changed norms, dramatically transforming how construction industry stakebolders leam, work,

communicate and use information. (Gamil et al, 2020,

Big Data Handling: The complexity and lack of understanding of big data make it difficult for

organizations o extraci dats required for specific functions. The selection of data s, therefore, inaccurate

becauee if is extracied [rom big data; therefare, results or outpuls may be incorrect due o the accurcy

of the selection. Big data is, therefore, a complex and challenging issue, (Gamil ef al, 2020).

Powerful Computers and Reliable Internet Access: There i5 a lack of power, ielecommunications,

and inlemet connectivity al most construction sites. This is a severe problem for construction sites whose

operations heavily depend on power supplies and intermel connectivity, such as robots and sile

monilonng systems (Abioye er al, 2021).

Lack of Talent: As a result of the many challenges facing the construction industry, it is challenging to

find Al engineers with experience in the secior. Al engineers wilh the needed skills are currenily in shor

supply (Chul and Fransico, 2017},

Leaming from streaming data, dealing with high-dimensional data, scalsbility of models and distributed

computing {(Chein ef al, 2020).

The fragmenizd nature of the construction industry may resilt in data scarcity (Belle ¢f al,, 2021).

Al platforms need investment consianily o keep data up io date (Young ef al, 2021},

Implementation of AT requires businesses 1o move away from traditional ideas (Delgado er al, 2021),

Non-standardization of a construction project makes it difficult to implement Al (Bello er al,, 2021)

High impact on traditional skills and may impact job availability (bello et al., 2021},

Ethical, moral, and legal issues thal sre yel lo be addressed by the government or institutional bodies

(Young er al, 20213,

Multi-paint responsibiliry between stakeholders may reduce accountability (Delgado et o, 2021)

Al applications are highly specialized and need constant algorithms training to identify patterns (Chui
and Fransica, 2017),

"

METHODDLOGY

This research was adopted quantitative approach, that is bath quantitative approach in the form of a well-structured
questionnaire survey which will be assess professional's perceptions on the implementation of artificial
inielligence (Al) in the Nigerian construction industry, The sample size of the study therefore amounted to 156
based on Glenn (2013) equation. Furthermore, 1o determine the sample size of Al professionals, census was used.
For the questionnaire, the researcher mlopled the stratified simple random technique. This is because the rescarch
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APPRAISING THE RENEFITS AND CHALLENGES OF IMPLEMENTING ARTIFICIAL
INTELLIGENCE IN THE NIGERIAN CONSTRUCTION INDUSTRY.

NKOLLO, O, W.; & BAlDL, 1.
Department of Quantlty Surveying, Federal Liniversity of Technology, Minna, Nigeria

ABSTRACT

The construction indusiry I8 currénily eaperiencing a irnsformation from tradifional, hierarchically organised
construction sites 1o digital and more aulonamois ones. A shifl is taking place, and the development of digital is
advancing 5o fasi that the industry struggles 1o keep up, In view of this, the siudy was aimed ai appraising the
benefits and challenges of implementing artificial intelligence In the Nigerian construction industry, The study
adopted a mixed-methods research design that combined both quantitative and qualitative research approaches.
The research population for the quantitative dala was the 255 construction firms registered with the Abuja Business
Directory. Oul of which, a sample size of |50 was obinined. While ihe population for the qualitative data wers
constraction professionals domiciled in Abuja, using the simple random sampling method, the collected data from
the questionnaire were analysed using the mean item score (RIT), and the qualitative analysis was done using
interviews and analysis camiad out using deductive analysis. The study revealed thal 46.7% of the mmpled
professionals were nol aware of the implementation of Al in industry. The findings revealed the most important
benefit af artifizial intelligence (Al} implemeniation in the construction industry is “Job creation™ (MIS = 4.55)
The findings revealed the most significant challenges faced in the implementation of artificial intelligence (Al n
the construction industry; “Al technologics require high initial costs ta oblain acourate data™ (MIS = 4.60). It was
therefore concluded that the application of Al toals would significanily improve practices on construction sites in
Abuje. There is therefore a need for construction firms 10 embrace the use of Al tools 1o improve the safety
performance and practices of thefr employees, 11 was recommended that the majority of construction profiessionala
have insufficient knowledge nbout the use of Al tools at building sites. Consequeritly, it is necessary o armange
seminars, workshops, and conferences 1o enlighten these experts aboul the advantages of using Al woly on
construction siles.

Keywords: Assessment, Artificial Intelligence, Construction Indusiry, Implementation

Introduction

The construction secior has a cruéial role in improving the economy of countdes (Vorakulpipal ef ef, 2010).

However, rapid advances in digital technology are redefining the world today (De Almeida ef al, 2016). The

comsiniction ndusiry s eurrently experiencing transformation from traditional, hiemrchically organized

construction sites o digital and more sutonomous ones. A shill is taking place, and the development of the digital

is advancing so fast that the industry struggles to keep up (Harty ef al, 2015). Although the construction industry

is elaimed fo be digitized and with a low productivity development compared to other industries, however, the

right implementation of digitization will increase eMciency of the building process (Barbosa et al,, 201 7). Thus,

more sdvance technology such as Artificial Intelligence (Al) Is naw entering the industry (Schia etal,, 2019). This
is confirmed by Mohamed et al. (2021) that the world Is embracing the rise of use of Artificial Intelligence (Al)
a5 2 fundamental shift in the construction [ndusiry.

Artificial Intelligence (AT} has been studied for decades and is still ong of the mosi challenging subjecis in digital
computer (Rebinson, 2018). Artificial Inteligence (AT) models have evidenced their capacity to solve dynamic,
unceriain and complex tasks (Yascen et al,, 2020), However, according to Robinson (2018), Al is taking lhe world
by storm, considering the application af its innovallve wses across all industry segments. Al makes il possible for
machines 1o leamn from experience, adjust 1o new inpuis and perform human-like tasks, Examples are computers
learning to play chess or Jeopardy using Al, for infelligent assistants {Siri; Alexa) or for self-driving curs {Prieto,
2019). Al can auomale severnl opermions and increase (he efficiency of the building process (Salehi and
Burguefio, 2018). Al could help to enhance the project quality within the praject duration, cost and design by
emerging the latesi technology in the constreciion indusiry (Mohamed, et af, 2021

The adoption of Al techniques has helped to enhance automated and provide better competitive advantages as
compared 1o conventional approaches (Chlener al, 2020), The subfelds of Al such as machine leaming, natural
language processing, robotlcs, computer vision, optimisation, sutomated planning and scheduling, have been
applied to tnckle complex problems and suppori decision-making for real.world problems (Rao ef al, 2021).
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Than, socording ta Execloli of af (2019} the applicabion of digital techmologies skifls and its transformsiin in
ihe wrudy srew i sl ot feumbstion bevel. However, 839 al construction professionsls are satisMed with their firm's
readinem ko diginal tremformation. This affioms the study of Bolian (2018), who confinmas ihe impleamentsibm of
Als & digieal sransformation

W is evadent that this Al revolaton has led to significant process improvements, cost-efficiency, reduced productson
times, improved safety snd helped fo schieve floma’ sustainability goals (Ajayl ¢t of, 2020). However, the
comtrocton mdwry is yei & reap sgnificant benefi from Al despite its exining challenges (Abioye efal, 2021}
Hence, thin sudy focuses on appratsing the benefity and challenges of implementing anificial intelligence in the
Nigenan conmruction indusry,

LITERATURE REVIEW

Benefin of Artficial Intelligeace (Af) Implemestation In the Contraction Indutry

There is & range of opparmunities that new ischnalogies bring to  comstruction project. It pives companies &
competitive sdvantage by lowering costs and increasing efficiency, Adaplive manufacturing is & gowing concept
thatl introduces Mexible machines capable of customazing pan prcductions and enabling new cost-effective building
mecthods (Delgago of al. 1019). This new method leads io the potential modification of jobs by combining
plamning, desipn, and construction tasks. It is critical that uwiers acknowledge the benefits and performance
enfancement that Al may bring 1o a comtruction site [0 adopt new technologies into iheir projecs effectivedy
(Pillsi s al, 2000).

. Waitz Mazagement sni Resources: The smount of resource waste Is growing rapidly on a yearly basis
due o rpid development (Schonbeck of af, 2019). Companies are becoming more waste aware and are
implemnenting proactive data-driven approaches thal minimire waste through analytics (Eber, 2020}
Wasie analytics 15 dependent on different sources of dals, such as building design, materinl properties,
und construction straiegies. Al icchnologies are needed to tum information fnie relevani wasie
managemeni strategies. These siralegies include the optimization of offsite construction, materal
sclection, reuse and recovery, waste-efficient procurement, deconstruction, and Nexibility (Ajayi of ail.
20200,

1. Estimation snd Scheduling: Al application models are important ko sccurately forecasi construction
costs and project timeline. Frojects that do mot have sccurate costs and (ime estimation have large
Fnancial implications {Aparicio ef af, 2020).

). Comstruction Slte Anatytics: Construction sites constanily transform and incorporsie new iechnologies
io become smarter working environments. loT sensors and other digital technologies are becoming mare
Eppareni oa pites 1o generale valustion data. A large volume of data is genermied from comstruciion siles
and is moslly unstructored. The wse of Al can structure the datas genemied and analyse the dals @
optimize site performance in all key areas such as planning, design, safety, quality, scheduling, and couts
(Lin ef af, 20121).

4.  Job Creatlon; Based on the Hierfure review, conatriuction jobs thal requirs law o medium edusation
are ot & higher risk of becoming redundand. This is evident as, by 2030, 18-45% of these jobs will be
completed by sutomated analytics or robotics (Araujo ¢ al, 2018),

3. Sapply Chaln Manageteni: There are common supply chain management (SCM) (ssues evident in
the construction industry. The 5CM is a costly and complex process, and the lack of specific performance
meazuremmenl frameworks, orgenization trust, and communication chanpels risks s succeas (Oyedels,
W0in

6.  Health snd Safery: Advanced analtytics can reduce the risk of workplace sccidents by using predictive
snalytics. The comstrisction industry records o significant nizmber of injuries compared to other industriel
(Winge e1 2l 2019) and others.

—

BN Benelis Sources

7 Aim for Betier Design Quality Ellls, (2023); Oeorge and
Hewion, (2022).

¥ Enhance Job Site Safety Ellis, (2022}, OGeorge and
Newion, (2022).

9 Risk Assessment and Risk Reduction Ellis, (2022); George and
Newton, (2022),

10 Can be used in predicting building material properties  Doroshenka, (2020)
1 Are wed 1o detect selsmic signals caused by soil Doroshenko, (2020)
vibrations and earthquakes.
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12 Congtruction Fauipment Deteetion and Tracking finesch, (2011)
13 Managingg and Maintaining Assets with Compuiter Vision  Hoesch, {2021)
14 Controlling Quality with Automation Hiesch, {2011)
15 Analysing and Optimizing Processes Wi el all., (20213)
16 Tracking and optimizing processes Wu et al., (2022)
17 Help  classify  clauses ns  requirements o Wuelal, (2027)

nofrequirements  or as  distinel  ealegories (o4,
construction, design, operation,
maintennncel.
18 Help in predicting and elussifying salety risks based on ~ Wu et al,, (2022)
risk levels or types (such ns environmental, Mnangial, nnd
political) is possible,
19 Help in scheduling and Cost Managemen! W et al., (2022)
20 Help to evaluate incldent severlly, prioriilse O&M  Wu et al., (2022)
actions, and provide adviee for Miture
infrastructure projeet

Challenges Faced in the lmplementation of Artificial Intelligence (A1) In the Construction Indusiry

The construction industry is behind manufaciuring and transportation to adopt Al, as it is still in the mitial
conceptual phase of development (Bigham ef af, 2021). Technology challenges vary, depending on the project’s
size, labour and capital intensity, industry sector, technologies used for projects, and the types of firms that use the
technology (Hager et al, 2016). According to Mohammadpour ef al, (2018), a significant barrier for businesses to
embrace Al is the complexity of tasks performed by analytics. This is potentially caused by the higher variability
and volatility of construction sites and the urban envirenment, Al requires [nrge amounts of datn fo train al gorithms
and identify patierns in which only a limited number of people can interpret data from these plaiforms, resulting
in limited economies of scale, impeding innovation nnd digitalization (Pacletti ef al,, 2016; Ribeiro ef al, 20016).

Cultural Issues: Construction sites are constantly changing and require Al to learn and sdapt to these
new environments, Traditional methods are priontized over un-trusied technologies due to the risk
associated with construction, as mistakes can lead to high financial implications. The disjointed nature
of the construction industry makes it difficult to change. Successful transition from traditional to future
models requires compatible design, menagemenl, Isbour practices, and site operation proctices
(Nagendra et of, 2018). Consequently, os construction is performed and requires multi-point
responsibility from difTerent project disciplines, individual organizations contrl construction phases. It
is difficult for Al lechnologies to be effective withoul these disciplines sharing commen interests
throughoul the project cycle (Pan ef af,, 2021; Hardie ef al, 2005), Therefore, it would be beneficial to
Leke advantage of lechnologies such as blockehain to improve trust and transparency (Zovadskas ef al,
2010},

Security: Despite the improvement in Al security, it can still be targeted by eyber criminals. This is a
eritical issue, as it can have fimancial Implications and comprise the safety of construction works. For
example, a compuler visjon system can be hacked o misiabel a construction worker working at height.
Construction companies will need 1o implement machine leaming (ML) techniques that reduce the
exposure of high-level sensilive data (Hasegawn ¢ @l 2006),

Higher Inltial Costs: The benefits that Al may bring to a construction site are Indisputable. However,
Al technologies require high inltial costs 1o obisin accurale data, This may be unalfordable for most
subcontractors and small firms that make up most of the construction indusiry. The high upfiont costs
require a considerable financial commitment for R&D and application purposes, and these investments
will be at increased risk and taking this rlsk in a highly competitive market. Smull o medium-sized
business firms cannot invest in sysiem-level technology and thus cannol benefit from technological
breakthroughs (Afzal e al, 2017). In addition, there is a high cost of owning and using these Al
technologies as they are not fully developed and need Investment constantly to keep up to date with the
advancement of the technology (Ali et al, 2019), Therefore, It is imperative that firms determine the
cost saving thal Al may bring to a project and decide whether it is feasible, As Al in construction
continues to expand and becomes more prevalent in construction, the process is expected to lower and
become more affordable for smaller businesses.
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Results and Discuvilon on henefits of Artificial Intelligence (Al) Implementation in the Construgtion
Industry
Table 2 Presents ihe result of the benefits of anificinl intelligence { Al} implementation in the construction industry

Table 2: Resulin of Renefits of Ariificlal Inielligence (AT} Implemeniation In ihe Comirncilon Indusiry

CODE__ Safety Praciices MIS _RANK DECISION

R Joh Creation 455 ¥ Very -Important
Bl Health and Safety 440 2™ Very -Impartant
B2 Supply Chatn Management 430 Very -Imporant
B4 Construction Site Analytics 425 4 Very -Importani
BS Estimation and Scheduling 415 = Very -Important
Bh Wagte Management and Resouroes aln ek Impartant

B7 Aim for Better Design Quality 400 "h [rmportant

BS Enhance Job Site Safety 195 e Important

B Rigk Assessment and Hisk Reduction 190 W Important

BIO Can be used in predicting building materal properties 190 h Impaortant

Bl Are used to detect seismic signals caused by soll vibrations and 385 1% Impartant

eanhquakes.

BHIZ2 Construction BEquipment Detection and Tracking i8n 1 mportant

BI12 Managing and Mainmining Assets with Compuler Vision .79 1m Important

Bl4 Controlling Guality with Automation 175 e Important

BIS  Analysing and Optimizing Processes 174 1 Impartant

HIA Tracking and oplimizing processes 1.7 1= Impariang

817 Help classify clauses as requirements or nanrequirements oras  3.70 I Imponant
distinct categories (e.g., construction, design, operation, and
marntenance ),

BIE Help in predicting and classifying safety rsks based on rsk 168 1% Impartant
levels or types (such & environmental, Angncial, and palitical)

is possible.
BI19 Help in scheduling and Cost Management 365 Wb Imparant
B2  Help to evalunte incident severity, prioritise O&M actions,and 3,60 2% Important
provide advice for future
infrastructure project
Average MIS 104 fmporiant

Table 2 reveals twenty (20) identified benefits of artificial intelligence (Al) implementation in the construction
industry, which are all very imporiant, with MIS ranging from 4.35 to 3.60. The most important benefit is *job
creation™ (MIS = 4.55), while the least important one is “Help to evaluaie incident severity, prioritise O&M actions,
and provide advice for future infrastructure project™ (MIS = 3.60). The average MI5 value shown is 3.94. This
also reveals that all the identified benefits of artificial intelligence (Al) implementation in the construction industry
are very important. This i in andem with past studies from Delgago ef al, 201%; Pillni ef al, 2020; Schonbeck et
al. 2019; and Eber, 2020, which {deniified the benefits of artificial intelligence (Al) implementation to inclede:
wasie management and resources; estimation and scheduling; and Job creation. Furthermore, Al has the possibility
1o resolve organisational trust and communication issues that have hindered the use of SCM in recent years. Al
can delect polential issues and ensure eMiclent delivery by managing the entire supply chain (Ajevi er al, 2017)

Results and Discussion on Challenges faced In the Implementation of artificial intelligence (Al) in the
construction Industry
Table J gives a summary of the MIS results of the challenges faced In the implementation of srtificial inielligence
(AT} in the construction indugiry,
'Il"ﬁ].' HResults of Challenges faced [n the Impléementation of artificlal intelligence (Al) ln the construction
s ry

CODE  Challenges faced In the fmplementation of ardficlal MIS RANK DECISION

Intelll Al} In the comstructlon Industry
4 :.l“lﬂﬁnﬂﬁli" require high initial costs 1o obtain sccurate 4.60 1® Very Significant

Cl Traditional methods are prioritized over un-rusted 4.50 2¢ Very Significant
technologies due 10 the risk associsted with construction, 1s
mistakes can lead 1o high financial implications

<7 The construction Industry has created siandards that make it 435 3" Significant

difficult 1o share information between companies due o
Imtellectual property issues
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{nvolves professionals who are of dilTerent elds, The dencripiive analysia was employed to analyze the dota using
descriplive inols which inglude: mean iteim scare (MIS1 and ranking methods

Resulis and MMecosslon

Memographle Characterisiles

Table | shows the demographic charscterisiies of respondents, As regards the professional backgmund of the
respondents, 48.0% were quantity surveyors with a majority, followed by engineers with 20L0%%, architects with
13.3%, and builders with 8,6%, while others, such ps safety officers, had a minority with 6.6%, The major
professions in the Nigerian construction industry are well represenied.

As regards educational qualification, 41.3% have n bachelor degree, 33.3% have o master degree, 18.6% have a
Higher National Diploma (1IND}, 5.3% have a National Diploma, and 1.5% have a doctorate qualification. It was
revealed thai the respondents are adequaiely educaied {o provide meaningful information for this research.

For the professional qualifications, 40.0% of the respandents were MNIQS/QSRBN members, 22.0% had other
professional qualifications such as HSE, MNITF/TOPREC, | 6.6% were MNIOB/CORBON memberz, 114%
were MNSE/COREN members, and 10.0% were MNIA/ARCON members.

In the case of years of experience, 3.3% of the respondents have nbove 20 years of working experience, 17.3%
have 1-5 years of working experience, 20,7% have | 1-15 years, 22.0% have 6-10 years of working experience,
and 36.7% have working experience of 16-20 years. This implies that the respondents are well-equipped 1o provide
valuable information for this research.

Regarding the level of awareness of the implementation of Al in industry, the majority (46.7%) were aware, 30.7%
were moderately aware, and 12.7% were not aware, while the minority that constituted 9.9% were highly aware.

Table 1: Demographics Characieristics of Respondents

Varables Frequency Perceniage (%)
Profession Archliect 2 133
L Builder 13 8.6
Engineer 30 20,0
Esiate Surveyor 0s 15
Chuantity Surveyor T2 45.0
Dihers 10 b6
Total 150 100.00
Highest academic qualification ND L 33
HKD 2B 15.6
BSe/BTech &2 413
MSe/MTech 50 313
PhD 2 1.5
Tuoial 150 1 040,040
professional qualification MNIA/ARCON 13 0.0
MNIOR/CORBON 25 16.6
MNSE/COREN 17 A4
MNIQS/IQSREN -14] 40.0
Dihers 13 220
Tatal 150 100.00
Years of Experience | = § years 25 173
f - 10 years 1} 20
11 =15 years 3 0.7
16 - 20 years i3 187
Above 20 years : 3
Tuolal 150 100.00
Level Awareness of the lmplementatlon Al Nol aware 0 48,7
: Moderntely Aware b Jo7
Awire 19 127
Highly Awars 13 9.9
Taoial 150 100.00

51|Page



