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NEA ONNIM NO SUA A, OHU
“He who does not know can know from
This is the Adinkra symbol of knowledge, life-long education and continued quest for
knowledge. The Akan people in West Africa believe that the search for knowledge is a life-long
process. This is evident from the Akan saying “Nea onnim sua a, ohu; nea odwen se onim dodo
~fo, e ogyss LD BOMMA 8 0nim no firi ne nsa” which translates into "He who does
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APPLICATION OF INFORMATION AND COMMU

NICATION
TECHNOLOGY FOR THE IMPLEMENTATION OF HEALTH AND
SAFETY MEASURES BY CONSTRUCTION FIRMS IN ABUJA,
NIGERIAERROR! BOOKMARK NOT DEFINED.

Abdullateef Adewale Shittu®, Anita Dzikwi Adamu?, Abel John Tsado’, Lois
Adedamola Arowolo* and Shakirat Remilekun Abdulazeez®

; 214pepartment of Quantity Surveying, Federal University of Technology, Minna, Nigefia
Department of Estate Management, V/aziri Umaru Federal Polytechnic, Birnin Kebbi, Nigeria

The Nigerian construction industry contributes 12% of Gross Domestic Product
(GDP) to the nation’'s economy, In spite of this, studies have shown that health and
safety (H&S) measures are poorly implemented by construction firms in Nigeria.
Therefore, this study assessed the application of Information and Communication
Technology (ICT) on the implementation of H&S measures by construction firms in
Abuja, Nigeria. The study employed the use of quantitative research approach with
the aid of questionnaire survey to obtain data from 25 construction firms in Abuja
that are registered with Federation of Construction Industry (FOCI). Analysis of data
was undertaken using Mean ltem Score (MIS) and Relative Index (RIl). Findings from
the study show that H&S measures mostly requiring the use of ICT tools for proper
implementation on construction sites which are Creating safety and health
regulation and hazard identification, prevention and control (Rl = 0.99). Site
surveillance technologies (CCTV) is the ICT tools mostly required for monitoring the
level of compliance to H&S measures on construction sites (Rl = 0.98). The impact
of ICT tools on the level of compliance to H&S measures on construction sites i
significant (MIS = 4.46). Contractors ‘compliance with safety regulation is the most
effective strategy for enhancing the safety performance of construction firms on
construction sites with the use of ICT tools (MIS = 4.44). It was concluded that use
of ICT tools has significant impact on the level of implementation of H&S measures
by construction firms. It was recommended that construction hrrn; should set up
workable mechanism for effectively implementing the strategies required to
enhance the H&S performance of construction firms through the use of ICT tools.

Keywords: construction firms, health and safety measures, information and
communication technology
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INTRODUCTION

The construction industry has recently witnessed a

Paper-based method of servi i
. ice delivery to el
Information and Communic . ;licT

like UK and even in develo
therefore evident that the

pa(ac'ﬁgm shift from traditional
. nic information exchange usin
ation Techqology (ICT), at least in the western worlg
;:’mg _count'nes like Nigeria (Ibironke et al, 2011). It is
A adoption of ICT can enhance con i clivi
. ne ¢ struction productivit
: ngo r:myzrove communications for effective decision-making and c%ordiratior{
il bge onslgrugtlon participants and reduce H&S risks on construction sites if it
economap‘p \ed, Interestingly, ICT has been embraced in every sector of the
ik y including some aspects of the construction sector in ensuring that
o us tasks are carried out more efficiently and effectively Unfortunately, in the
main of H&S, the use of ICT has not been adequately explored especially in the

Studle§ (n H&S have only been able to discover low level implementation znd
compliance to H&S measures on construction sites and suggested strategies for
improvement (Shittu et al, 2016; Shittu et al,, 2017; Eze et al, 2013; Ahmad, 2019)
These strategies have not been able to effectively reverse the trend significantly
The use of ICT to facilitate the level of compliance to the H&S measures has
therefore not been addressed. In view of the fact that ICT is comprised of tools that
use Artificial Inteligence (Al) to carry out tasks more safely efficiently and
effectively, it is a better option worthy of being adopted for ennancing the level of
compliance to H&S on sites. This is due to the fact that the use of ICT tools is better
for the monitoring and evaluation of implementation of H&S measurss on
construction sites as compared with the conventional approach which had been
suggested by previous studies and have failled to yield the desired outcome. On
account of this, Pamulu & Bhuta (2004) reported that technological advancement
can no longer be viewed as an enhancement of traditional business procedures but
rather as an innovation agent that enables new and different alternatives to
operation of business organisation. It is on this premise that this study assessed
the application of ICT for implementation of H&S measures by construction firms
in Abuja_ Therefore, in the context of this work application of ICT means the use of
ICT for the implementation of H&S measures on sites.

In view of this background, this study addtess.ed the proplem of lack. of proper
implementation of H&S measures on construction sites which leads to increase in
the rates of accidents, injures and Ialah.ues on sites. The resultant effect l'S poor
H&S performance of construction firms in terms of cost due to com;?elrg_a.lonn:c;
injured workers. Il is therelore imperative 10 assess the f!pplg(aulon o A:?a b
implementation of H&S measures by construction firms in Nigeria usnr;? ‘r:wber
the study area. Abuja was chosen as the study area because a reasona nee:dlapld
of construction activities take place in Abuja vbe(ausg it experie llc iy
population increase and new developm_emal pm,ecls dacl[y as a'fl?uena Mo
urbanisation and rural-urban migration since it is the capital aity of Nig

et al, 2014).

In order to proffer suggestions
identified, the study aimed at assess

towards addressing the resgarch problem
ing the application of ICT for implementation
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of H&S measures b i '
y construction firms in Abuja wi i i
da ja with a view to
pu ormance of construction firms. The following ob'en;:;wncmg tl':\e sa'fety
Pursued in order to achieve the aim of the study; J e e

L Toidentify and examine th
' e H&S measures mostl '
for proper implementation on construction sltes.y reaungthe e eliCHook

To identify the ICT tools mostl i itori
y required for monitoring the [
to H&S measures on construction sites in Abuja. NS .

3. To determine the im {
pact of the identified ICT tools on the level of compli
1o H&S measures on construction sites. B

Io propose strategies for enhancing the safety performance of construction
irms through the use of ICT tools for monitoring and evaluation of compliance
to H&S measures on construction sites.

REVIEW OF RELATED LITERATURE

H&S measures requiring the use of ICT tools for proper implementation on
construction sites

Construction H&S measures are best site practices that should be implemented
towards ensuring the health, safety and welfare of individuals involved in werk
employment. Idoro (2011) revealed that all categories of contractors working in the
Nigerian construction industry do not perform better than one another as regards
H&S and therefore calls on stakeholders within the industry to develop and
enhance their H&S performance. Hence, the use of ICT can increase the level of
implementation of H&S measures by workers on construction sites, theredy
improving the safety performance of construction firms in the Nigerian
construction industry.

in order to achieve these past studies have identified the H&S measures requiring
the use of ICT tools to include: Creating safety and health regulation; |dentify
hazard: Worker safety training; Design for safety. Safety planning (job hazard
analysis and planning); Accident investigation; and Facility and maintenance ph?se
safety, Assess and evaluation risk, Decide precautions, Record findings; and Review
and update (Rajendran & Clarke, 201 1; Charehzehi & Ahankoob, 2012; OSHA, 2016;
Lekan & Charles, 2017, Webb & Langar, 2019)

|CT tools required for monitoring level of compliance to H&S measures on
nstruction sites
/c\c:ﬁ Group (2014), Bromley et al (2014) and Zhang et al. (2017) reported that
Remote Sensing (RS), in combination with modern In(ormauon and'
Communication Technology (ICT) can be used to gf(ecilvely monitor the level o
compliance of workers on site at a low cost and with time saving n consuucupv;.
These RS tools are identified as Unmanned Aerial Vehicles (UAV); GPS ngvcgatfo'r;
system, Mobile telecommunications interception equipment, Inlmslon so'h:ra::ion
Network Survelllance; Monitaring, Lawful Interception (Lh sysl:ms, D’up'(e e =
systems, Digital forensics; Probes: Deep Packet Inspection (DPI), RddL o :elg:a‘.ioz
identfication (RFID), WLAN, UWS, Zigbee, Ultrasound Modelling "f‘ Z‘S::S‘ o
(3D0-CAD, 4D-CAD), Electronic document management system ( )
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Tk on: ; Mohan & Varghese (2019) revesled
_ p of Artificial Intelligence (Al i i |
OrIOEa ok ! examole ofglhis ls( uZ,esafely N construction sites can be

Modelling (8IM). Al Enabled Building Information

Impact of ICT i

b Tools on the level of compliance to H&S measures on construction
According to Idoro (2011
employers, customers, sup
wprkplace environment. In
different government and

),.besl site practices on H&S protect co-workers,
pliers and members of the public influence by the
aqdnion to this, lkechukwu et al. (2011) reported that
; \ . I private boards within have made regulations and code
0 corjduct In consideration of the importance and need for efficiency and the
effective use of ICT. The evelution of technology which has led to the invention
and development of telephones, computers, electronic and electrical equipment
are all fundamental in the present day construction industry. The value is very
Important as construction projects involve a large flow of construction

documentary information linking project participants during both design and
construction phases.

According to Eastman et al. (2011), Cheng & Teizer (2013), Tahir et al. (2015), Azmy
& Zain (2016), Park et al. (2017), Zhang et al. (2017), Uchenna et al (2018) and
Webb & Langar (2019) in an effort to improve construction processes, the
application of innovative wireless communication technology such as the RFID
technology can be employed to minimise accident and improve H&S on
construction sites. In a similar view, Alomari et al (2017) reported that an added
penefit of BIM as an ICT tool is ease of communication and collaboration among
stakeholders

Strategles for enhancing safety performance of construction firms through the
use of ICT tools _
The major strategies for enhancing the safety performance of construction ﬁq'ns.
as identified by past studies (Sawacha et al,, 1993, Teo et al_...ZOOS). are that project
managers should focus more attention to provision of sufficient company polnclgs,
safe procedures, positive altitudes of construction personnel. high efﬂc\encz in
management commitment and adequate sale!y knowledge and training of staff. !n
addition, one of the main elements for improving safety perfor;narjce \rl\
construction projects identified by Charehzehi & Al_mpkoob (2012) and adht'rp ell: ;
(2015) are: Risk Analysis in the Design Stage. Training Strateqy: Reweér ‘octtgr;
Management Comrmitment to the lmp!mnw\l.nmn 91 Salety Cul\ure.“ Pon ra R
ly with Safety Regulation, Providing Sale Equipment and Tools; ersor;
ggl‘:(puzn Take a Responsibility to Report Near-Miss Accident; and Creating safety

and health regulation.

CONCEPTUAL FRAMEWORK FOR THE STUDY

: ; . k for
Studies on H&S management have designed various implementable Hamev
u

\ n projects.
improving safety performance of workers and employers in cms'-':(r::as&e:nenl
;mcr::e of the ones applicable to this study are: H&S performanc

o
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model (Health and Safety Executive, HSE, 200 f
] ) 1); Construction competency and
:':“&Sl performance framework (Dingatag et al, 2006); and Constru?:uon Zafety
plementation framework (Ahmed & Abid, 2013). It is based on these theoretical

frameworks that thi A '
iy is study's conceptual framework was developed as presented in

BLITNITION
o sy oM. REVTEW OF LITEXATORE A THODOLOGY,
et pobd Knvon of wosns selotueg bs ANALVIES A TINDINGS
(L E— Sly's sam b shyrstnes v Tolly
Geartiems Aot \s the oblon O slrguat of Sacoencsl & :“: e
g-::n—_-h-t-t,e-u :n“ll Q:”.“. D—n—n—‘ m‘:‘l‘-‘-ﬁ“:l-
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Symale) Kavudhs. & somebsomn
& J
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Quantiatve Date Quantitative Analyits muw:u
Quartsnamnmn vub dased Diats owsiplbatam ans rowgSance w MAL
ended cuestone Anal o weine A3 Exced & Tmpass of 24 desndod (CT
atiniesd W 26 apss Aanh ot e ool of compliaace
semtrucuon s Coting s28 Counts. = VS
repuress e h FOCT D serrpeire searionies, and Suaepn o sucascay the
Ngens @ Angs Alais Spearmas Rawk il periermance of
Peld Works Carvelatan snalyme commusiom firms Surigh da
we ol 1T taehs

.

Quabeams Dore Quabiarion Aastyme Ve

% s Cotsy

:n:::n“,?" Froquansy crue wd Exlrasm

OWvarezm=s ol 1ie proceun o —

-‘\'ul‘--v'- Campy mung el < owparsy

ang it - b

e wnd theciire (V aliowy

- ke of dats Bon

mas Seldnads

==}
-

Onerall Revad C';-a-—-n-;q
Diconmrum of uesivove s bes ot
guhdurs funbogt s ¥t ad
Comzarnyg, Snmvieg fobag e

Figure 1: Conceptua! framework for the study

RESEARCH METHODOLOGY

The quantitative research approach was adopted in th.is study. The use of
structured questionnaire was employed for data collection in order to achnevle t:ne
study’s objectives. The data collected were analyzed with the use of Relat v;
Importance Index [RIl) and Mean ltem Score (MIS). MIS and RIl were empho;:i
pecause it is the perception of safety officers that was sought wit e

questionnaire,

i f construction firms registered with
opulation for the study is made up 0 ‘ :
I:Se?at?on of Construction Industry (FOCI) with A_bu;a s business address. F?Cl v_va:
incorporated in 1954 and it is a muture of indigenous, indigenized and O(en?
o (FOCI, 2012). It is the umbrella of construction companies (n Nigeria. Its

rises : \ : _
st 2 mprised of both construction active (full time) and non

membership \s co
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—wow or o

Construction active ( i mem
part time) members. FO m
3bout 84 of thees or P i Cl has more than 100 members. Only

Nigeria. Of this 84 bers which are construction fi
. s B4, only 25 are active or domi ) ction firms across
Since the study area is Abuja, then the omicile in Abuja (FOCI Directory, 2019),

: . 25 constructi
and based in Abuja wer : ton firms registered with FOC|
e
therefore 25, ) considered for the study. The research population size is

The L L .

inhi llSt. containing information about the construction
buja constitutes the stud

construction firms for eas

' ' firms registered with FOC|
: ac‘:ye ssstamp‘l::r;?1 fr;me. This gives the features of the
Th ' ss to aud the data collection process for the study.
Th:r:?g:slealsluehfor the study is the same as the population size (that is 253;.
considere‘d f the 25 construction firms registered by FOCI in Abuja were
vt o Zr data collection. In view of the fact that the population size is not
ey , the stu ytook a census of the whole 25 construction firms for data collection.

s is in line with t_he assertion of Watson (2001) that if the population size is small
(200 or less), then it is preferable to take a census of the total population.

The quesponnaire (designed on a five-point Likert's Scale format) is comprised of
five sections. The first section addressed issues relating to the profile of
res_poqdents. The last four sections addressed issues relating to the research
objectives respectively. For the site observation, the use of a checklist form was
employed to record what was about the firms ‘provision of pro-active and reactive
H&S measures on site as detailed out in the results section. The site observation
took an average of 5 days for each construction firm. Twenty - five copies of
questionnaire were administered (one copy to the safety officer of each firm). All
the questionnaire copies distributed were returned and useful for analysis.

In order to validate the research instrument used, a reliability test was carried out
on the data collected. The result of the reliability test shows a Cronbach’s Alpha of
0.848 which was very high and close to 1.000. The Cronbach’'s Alpha based on
standardized items is 0.849 and is of a higher value and closer to 1.000. This shows
that the research data are reliable and hence the research instrument is valid. The
decision rule adopted for the Ril and MIS are summarised in Table 1.

Table 1: Decision rule for Rl and MIS analyses

Scale  Cut-Off Point Interpretation
Level of Levelof Level of
R~ S Importance Significance Effectiveness
5 081 -100 4.51-500 Very Important  Very Significant  Very Effective
4 061-080 3.51-450 Important Significant Effective
3 041 -060 251~ 3.50 Fairly Important Fairly Significant Fairly Effective
2 021 -040 151- 2.50 Less Important Less Significant  Less Effective

1 0.00 - 0.20 1.00-150 Least Important  Least Significant Least Effective

~orce Adapted and Modified from Shittu et al (2015b)

So
ff point for the important H&S measures
|l-being of workers and

hose 3.51 — 5.00 as the cut-o

udy ¢ oit
i fact that H&S, being a crucial issue to the we

due to the
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success of a project, requires best practices in or

performance. Based on the scale used (1 - 5), bestd:ir&‘sorv?:ar:;%rzgi::)l:’l;ptrsg
above average In addition, in the study of Agumba & Haupt (2014) the mearn score
of the identified important H&S practices ranged between 3.80 andid.sb Within
the same context, the studies of Eze et al. (2016), Shittu et al. (2017) and Shittu et
al. (2020) also used a cut-off point of 3.50 - 5.00 for the important H&S measures
on construction site. This therefore justifies the choice of 3.50 - 5.00, used in this
study as the cut-off point for the important H&S measures requiring the use of ICT
tools for proper implementation, significant impacts of ICT tools on H&S measures

implementation, and effective strategies for improving the implementation level of
HA&S measures on construction sites.

RESULTS AND DISCUSSION

Results and discussion on H&S measures mostly requiring the use of ICT tools for
proper implementation on construction sites

Table 2 presents the result of the H&S measures mostly requiring the use of ICT
tools for proper implementation on construction sites.

Table 2 Results of H&S measures mostly requiring the use of ICT tools for proper
implementation on canstruction sites in Abuja

Code H&S Measures RIl Rank Decision
(@} Creating safety and health regulation 099 1st Very Important
c2 Hazard ldentification 0.98 2nd Very Imponant
a Hazard prevention and control 098 2nd Very Impartant
ca Facility and maintenance phase safety 097 4th Very Important
cs Risk Assess'menl and Evaluation 0.96 Sth Very Important
cé Education and training 0.96 Sth Very Important
(o) precautions Decision Making 094 Tth Very Important
c8 Management leadership 094 Tth Very Important
9 Communication angl coordination h?r 0.94 7th Very Important
employers on multiemployer worksites
c10 Design for salety 094 Tth Very Important
c1l record findings 092 11th Very Important
c12 Review and Update 092 11th Very Important
13 Accident investigation, Facility and 0.90 13th Very Important
maintenance phase salety
ci4 Worket pamcipilion 086 14th Very Important
c15 Program evaluation and improvement 0.85 15th Very Important

Average Rl 094 Very Important

| |
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Table 2 reveals fifteen i i
ICT tools for proper if\'l\::t;:weer:\‘\l:‘t?ganns Lo i g s By o
important with MIS ranging from 0.85 - OgéoTn:;mcuor? iRt ol
greatmg safety and health regulation (MIS; ='0.99)"::hsi‘l m;‘ponam iablisnints .
rograr evaluation:and.im N2k e the least important one is
is 0.94. This also reveals :haer;rflzze:jte(r::‘i?e; ?422 o din e
use of ICT tools for proper implementation onngf:;rterj rr'\ostlylrequmng .
0015 10 . ction sites ar
:Tvs:snrz:; Tlh:js is in line with the finding of Charehzehi & Ahankoob (ZBlz)ew'::Z
oo :t € t_hat }hese H&S measures are guidelines to assist the team members
sl b ru(gtslan industry to manage their safety in their workplaces with the use
it T S. A (2016) also Ldenll'ﬁed these measures as good HE&S practices
oo e use of ICT tools are required in support of the finding of this study.
ajendran & Clarke (2011) also identified most of these H&S measures as vital
:_rea_s in whl_ch BIM can prove useful. Other previous studies which support the
inding of this study are Lekan & Charles (2017); Amusan et al. (2018), and Webb
& Langar (2019). All these studies emphasize the need to for stakeholders within
the construction industry to develop and enhance their H&S performance (with
respga to these H&S measures) through the use of ICT tools. Hence, the use of ICT
can increase .lhe level of implementation of H&S measures by workers on
;onstrucuon sites, thereby improving the safety performance of construction firms
in the Nigerian construction industry.

Results and discussion on ICT tools mostly required for monitoring the level of
compliance to H&S measures on construction sites in Abuja

The use of Relative Impornance Index (RIl) was employed to examine the ICT tools
mostly required for monitoring the level of compliance to H&S measures on
construction sites in Abuja. The result of the analysis is presented in Table 3.

Table 3 shows the 18 ICT tools mostly required for monitoring the level of
compliance 10 H&S measures on construction sites. It was shown that Site
surveillance technologies (CCTV), Remote Sensing (RS) standard cellular phones,
sman phones of 1ablets, Mobile Radio Systems, Electronic document management
system (E DMS), and Email and short message services (SMS) are the most important
|CT tools with Rll values of 0.98, 0.96, 0.94, 0.92 and 090 respectively. Five (%) other
|CT tools are also very important. These are Radio Frequency |dentification Device
(RFID), GPS (Global Positioning System), Modeliing and visualization (3D-CAD, 4D-
CAD), Ultra-wideband (UWB), and 3D and 4D visualization technology with Rl
values of 0.89, 0.86, 0.85, 084 and 0.83 respectively The remaining eight (8) ICT
tools (in descending order) are also important with RIl values ranging from 0.80 -
0.62. On the average, all the identified ICT tools are required for monitoning the
level of compliance 10 H&S measures on construction sites in A_bu|a are very
impornant with average Rll value of 0.83. The finding here agrees with the finding
from the study of AHT Group (2014) which reported lhgt RS, in combination with
modern ICT, provides an excellent means for the collection ar_\d analysis of spatal
date on “real world phenomena“, making these tools particularly valuable for
lanning and monitoring in the development conperation context. The

f this study is also supponed by that of Tahir et al. (2015) where it was
y, such as the RFID, can be used 10
ic is because RFID 1ags
urn develops 3

project P
finding © _ _
stated that that wireless sensing |ech_nolog
examine HE&S of individuals and equipment on sité Th

‘ less data to a system with RFID reader which in t
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warning system that alerts construction work
such as Bromley et al (2014); Azmy & Zain
& Varghese (2019) also confirms the im
compliance It is therefore important to e
construction workplace, the use of ICT to
rules is important.

€rs of potential threats Other studies
2016); Zhang et al. (2017); and Mohan
Portance of these ICT tools to H&S
mphasize that for a safe and healthy
ols for monitoring compliance to H&S

Table 3. Results of ICT tools mostly required for monitorin compliance
Measures on construction sites in Abuja e ores

Code ICT Tools RIl Rank Decision

B1 Site surveillance technologies (CCTV) 098  1st Very Important
Remote Sensing (RS) standard cellula

B2 9 standard cellular
phones. smart phones or tablets. 096  2nd Very Important

B3 Mobile Radio Systems 094 3rd Very Important
Electronic doc t

84 (EDMS) T IEaT S 092 4th Very Important

BS Email and short message services (SMS) 090 Sth Very Important

B6 :i;gg) Frequency Identification Device 0.89 6th Very Important

87 GPS (Global Positioning System) 0.86 7th Very important

88 Modelling and visualization (30-CAD, 4D- 0.85 8th Very Important
CAD)

B9 Ultra-wideband (UWB) 084 9th Very Impartant

B10 3D and 4D visualization technology 0.83 10th Very Important

811 Video conferencing 0.80 11th Imponant

812 IP Network Surveillance 078 12th Imponant

B13 Wireless local area network (WLAN) 0.78 12th Imponant

B14 Zigbee (two-way wireless communication 0.78 12th Imporant
technique)

B1S Ultrasound positioning system 077 15th Important

816 Antificial Intelligence Enabled BIM 072 16th Imporant

817 Unmanned Aeral Vehicles (UAV) 0.70 17th Impornant
Real-Time tracking system, RFIDs,

818 automation and remote sensing 062 18th Important
technology
Average RIl 083 Very Important

Results and discussion on impact of ICT tools on the level of compliance to H&S
measures on construction sites

Table 4 gives a summary of the MIS ranking results of the i.mpact of ICT tools on
the level of compliance to H&S measures on construction sites in Abuja based on
respondents ‘perception.
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Table 4: Results of impact of ICT mplianc
tools on th
construction sites in Abuja i RIROR )

Code Impact of ICT Tools on the Level ol C
e ompliance 10 H&S

= Mis Rank Decision
Providing a high level of safety training for employess
02 Avoid the direct and indirect costs of worker i
njuries 3
Mnesses. and p 2 positive work envi " " 480 15t Very Significant
o :::::s n:m;g‘zmd(n 10 avold accidents and eliminate HAS
. o @5 10 reduce the dithicul
rorsheetpe o icuity of employees as well s 4.76 ¥d Very Significant
Reduz‘e lots of fatalities and improve productiwty by
Da p g sol and gy 10 H&S p ana also
providing worken on site with potential occurience of 47 id Very Sigeificant
existing danger on construction site,
& ::‘ ::e;‘mona‘ improvement through communication of
1on information lor eHective decsi
ool ive decision making and an Sth
BIM tools allow project stakeholders to share inl i
o8 m :ﬂquen(m physical sile topography, and dash
L improve communication among the peoj 468 6th \
stakeholders, and identity potential locations mdu’::s ol WIS
hazaidous and non-hazardous construction project activities.
The vintual planning of work
o7 9 1equencing 10 incorporate i
necessary sa'ety equipment and measures 454 a Very Significant
Create a detailed Environmental Safety and Health (ES and H)
o8 plan 1o be dispersed among all workers. “- - VS
Providing new methods in ¢ v and planning such as
09 3uilding Inf deling methodology and 185 “w W Vaiy Sigeitcin
technology
Increase the level of impl ion of H&S by Signific
o010 workers on construction sites “,m o hs o

Verification that all structures can be constructed safely and v :
o1l productively 460 10th ery Sigrificant

g of cilent, designer and in design stage
012 10 eliminate adversarial nature and preventing conflict in
early stage of projects which lead to mitigate the destructive
sk dunng building process.
Offer opportunities 1o enhance communication between
D13 panicipants in construction projects and to #nable more 452 13th Very Sigmificant
effective and etficient communication.
D14 D:tnu u‘:‘m fof data processing and communicating 452 1th Vesy Signd
informal .ﬁa“
D15 Improvement of site condition as2 13th Very Significant
Avoiding the use cf outdated equipment and plants dunng as2 13h Vary Sign
9
construction §1ages . ificant
Hame the capabllity 10 improve salety training a5 o
017 woﬂte::wc?n “ wallk through” a job site of bulding Increases 482 13th Very Significant
understanding and helps prepare for the sequencing of tasks.
Obtain timely information regarding work orogress 10 an 18th Significant
manage workllows .
Reduca the need 'of co-workers to be located (n the same 416 19th Significant
019 o i
Protect co-workers, empl ¢ 5, supplier . .
Do membars of the public influence by the workplace an 20th Significan!
s helg truct an
Inteligence of sensor-based technology helps construc!
.m:.z"m management platiorm which bs the integration of 8 o Sigol
o021 hatdware and soltwaie for data processing. significantly ficant
improving the construction we monktoring capacity and
providing guarantees 0 construction safety
i Iding in Remote Gensing (RS) and ICT s hey to Significant
2 E;g:z:iug&?&; by ensuring 30 adequate and professional 368 22nd 9
” use of these Lechniques in the post-projest penod
Have shaped substantially the mode ol workers interaction, S 23 significant
D23 business Process, enteralnment, leaming and

L gt e ——
Averdge
—

480 st Very Signifirany

Very Significant

456 12h Very Significant

D16

D18




Shittu, et al

Table 4 revealed 23 main impacts of ICT tools on the level of compliance 1o H&S
measures on construction sites. The first seventeen (17) impacts are very significant

These range from Providing a high level of safety training for employees (MIS =

4,80) to Harnessing the capability to improve safety training as workers can “walk
through" a job site or building increases understanding and helps prepare for the
sequencing of tasks (MIS = 4.52). The most significant impacts of ICT tools on the
level of compliance to H&S measures on construction sites are Providing a high
level of safety training for employees and Avoid the direct and indirect costs of
worker injuries and illnesses, and promotes a positive work environment (MIS =
4 80 respectively). The remaining six impacts are also significant. These range from
Obtain timely information regarding work progress to manage workflows (MIS =
4.32) to Have shaped substantially the mode of workers ‘interaction, business
process, entertainment, learning and implementation attitude (MIS = 3.64). On the
average, all the identified impacts of ICT tools on the level of compliance to H&S
measures on construction sites are significant (average MIS = 4.46). The finding of
Ikechukwu et al. (2011) supports this study's finding by emphasizing that the rapid
evolution of ICT offers opportunities to enhance communication between
participants in construction projects and to enable more effective and efficient
communication. Webb & Langar (2019) also reported that the onus of safety
management and site accident mitigation is shifting with the development of
technology by incorporating BIM into project planning in support of this study.
Therefore, the use of the intelligence of sensor-based technology helps construct
an interactive management platform, which is the integration of hardware and
software for data processing, significantly improving the construction  site
monitoring capacity and providing guarantees for construction safety.

Results and discussion on the strategies for enhancing the safety performance of
construction firms on construction sites

The result of the MIS analysis carried out to rank the perception of respondents on
the identified strategies for enhancing the safety performance of construction firms
is presented in Table 5.

It Is shown from Table 5 that ten (10) out of the twelve (12) identified strategies for
enhancing the safety performance of construction firms on construction sites in
Abuja are effective. These range from Contractor Comply with Safety Regulation
(MIS = 4/44) to Proper implementation of fatalities and incidence
reporting/investigation  with the application of innovative communication
technology such as the RFID technology (MIS = 3.64). The two least ranked
strategies are fairly effective. These are Development of Framework for Enhancing
Strategies for Implementing Training and Re-training for Workers on Compliance
to H&S (MIS = 3.44) and Introduction of Risk Analysis in the Design Stage (MIS =
320). On the average, all the identified strategies for enhancing the safety
performance of construction firms on construction sites in Abuja are effective
(average MIS = 3.96). The studies of Charehzehi & Ahankoob (2012) and Tahir et
al, (2015) are in line with the finding from this analysis because these past slques
emphasize that these strategies can improve H&S on site and thus minimising
accidents occurrence such as accident due to heavy equipment s and tools and also
collision between workers and heavy operating equipment, which are considered
as one of the most occurred on site. It is therefore important to note that for
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construction firms to execute projects safel
strategies must be implemented to the latter PREICon siten; these sffectve

Table 5 Result of strategies for enhancing the safety

construction sites in Abuja °@ of construction firms on
Strategies for Enhancing the Safety
Code  performance Mis Rank Decision
Contractor Comply with Satety
8 Regulation ““ st Effective
£2 Site Personnel Selection 436 2nd tHertive
E3 Creating safety and health regulation 432 3rd Effective

Hiring contractors who have proved a
record of good safety performance
E4 dunng the processes of qualitying 416 4th EHfective
contractors for bidding work and
ranking contractors for a contract award.

ES Providing Safe Equipment and Tools 416 ath Effective

E6 Establishing a Reward Policy 408 6th Effective
Management Commitment to the :

& Implementation of Safety Culture 408 6th Effective

Establishment of effective company
policies that will promate safe
procedures, positive attitudes of
E8 construction personnel high efficiency 3,88 8th Effective
in management commitment and
adequate safety knowledge and training
of staff
£9 Take a Responsibility to Report Near-
Miss Accident
Proper implementation of fatalities and
incidence reporting/investigation with
the application of innavative 64 10th
communication technology such as the ’
radio frequency identification (RFID)
technology
Develapment of Framework for
Enhancing Strategies for Implementing 3 44 11th Fairly Effective
Training and Re-training lor Workerson  *'
Comphance to H&S
introduction of Risk Analysis in the 320 12th Fairly Effective
Deugn Stage -
Average MI5 39 Effective

380 9th Effective

£10 Effective

Ell

E12

CONCLUSION AND RECOMMENDATIONS

The study revealed that the identified ICT tools required for'monilonn.g therlte\:\e‘l
of compliance 10 H&S measures on construction sites in Abuja are very ;mp:: oa "
The identified H&S measures mostly requiring the u:‘e (:! ;(’12 !rggl: sol;:l;lcgm
( truction sites are very importan ‘
e foat on i H&S measures on construction
the level of compliance to m
et o e ini loyees; and avoiding the
' iah level of safety training for employees,
sites are: providing a high ety JOES: A1 e 2 posllive
i ' ries and ilnesses, and pro
ect and indirect costs of worker inju an L i
cv’u::)r: environment. In addition, all the identified impacts of |C'T lo?l::ev ke
of compliance to H&S5 measures on construction sites are significant.
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strategies for enhancing the safety performance of construction firms on
construction sites in Abuja are effective. It can therefore be concluded that the
application of ICT tools has a significant impact on the level of implementation of
H&S measures by construction firms in Abuja There is therefore the need for
construction firms to en)brqce the use of ICT tools to monitor the implementation
of H&S measures on site in order to improve the level of compliance to H&S

measures and hence improve the safety performanc {
; e/pra f |
construction firms. v (PaciaRRIEnEars e

In view of the findings and conclusions of this study, the following
recommendations were made:

1. The management of construction firms should invest in training their safety
officers or anybody so assigned H&S responsibility on the use and application
of Remotes Sensing tools in combination with modern ICT in order tc be able
to effectively plan and monitor site activities in a safety and health compliant
manner. This will bring about improved H&S compliance of workers on site.

2. Regular and periodic education and training programmes should be used to
communicate the importance of the identified H&S measures mostly requiring
the use of ICT tools for proper implementation on construction sites to
workers. This will build up positive attitude of employers and employees
towards H&S practices on site and hence the improvement of H&S measures
implementation level.

3. Construction firms should facilitate H&S communication by using the
intelligence of sensor-based technology in order to construct an interactive
management platform, which is the integration of hardware and software for
data processing, significantly improving the construction site monitoring
capacity and providing guarantees for construction safety. This is because the
study has established that there exists a positive relationship between the use
of ICT tools and level of implementing H&S measures on construction sites.

4. All the afore mentioned recommendations should be harmonised in order to
put up 3 workable mechanism for the effective implementation of the
«dentified strategies for enhancing the safety performance of construction
firms on construction sites in Abuja. This is because the study found that these
strategies are effective,

The findings of this study has contributed to the body of knowledge in the built
environment in various ways The study revealed that for a safe and healthy
construction workplace, the use of ICT tools for monitoring compliance to H&S
rules is important (average RIl = 0.83). The study also showed that the use of ICT
tools can increase the level of implementation of H&S measures by workers on
construction sites (average RIl = 0.94). It was also revealed that the impacts of ICT
tools on the level of compliance to H&S measures on construction sites are
significant (average MIS = 4.46),

In view of the limitations of this study, some areas have been suggested for further
studies. Researchers can study the effect of safety officers 'leadership quality on
the adoption of ICT tools and Artificial Intelligence for enhancing the level of
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implementation of safety measure
. el S 0N constructi i
organisational characteristics on the on the appuc::icotrt‘og' |sche:6°Lh:ndef‘f\$1c_‘tﬁc;fl

Intelligence on the implementati
ation of i i
B el safety measures on construction sites can
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