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A	B	S	T	R	A	C	T	
	
The	construction	sector	has	 long	grappled	with	recurring	safety	 failures,	chronic	
cost	 overruns,	 and	 persistent	 schedule	 slippages.	 Even	 with	 well-established	
project	management	frameworks	in	place,	outcomes	across	the	industry	remain	far	
below	what	they	should	be.	A	significant	part	of	the	problem	lies	in	how	risks	are	
handled	specifically,	the	fact	that	most	organisations	continue	to	operate	reactively,	
addressing	 problems	 only	 after	 they	 have	 already	 made	 their	 mark	 on	 project	
performance.	This	paper	investigates	how	Artificial	Intelligence	(AI)	can	be	brought	
into	 construction	 risk	 management	 in	 a	 structured,	 systematic	 way	 not	 as	 a	
standalone	 fix,	 but	 as	 a	 layer	 that	 fundamentally	 changes	 how	 teams	 detect,	
interpret,	and	respond	to	risk.	The	study	draws	on	a	qualitative	research	approach.	
Nine	 professionals	 drawn	 from	 project	 management,	 safety	 engineering,	 and	
planning	roles	were	interviewed	across	live	construction	projects	in	the	UAE.	Their	
responses	were	examined	through	the	thematic	analysis	process,	organised	around	
five	key	variables	drawn	from	existing	research.	What	emerged	from	the	interviews	
was	 consistent	 across	 participants:	 AI	 tools	 shift	 the	 entire	 frame	 of	 risk	
management	from	reaction	to	anticipation.	Safety	violations	that	previously	went	
undetected	for	hours	were	flagged	within	minutes.	Cost	deviations	that	would	have	
surfaced	only	in	monthly	reviews	were	visible	three	to	four	weeks	earlier.	These	are	
not	 trivial	 differences	 they	 represent	 the	 gap	 between	 managing	 a	 crisis	 and	
preventing	 one.	 That	 said,	 the	 research	makes	 clear	 that	 these	 benefits	 are	 not	
automatic.	Three	recurring	obstacles	cut	across	nearly	every	organisation	studied:	
fragmented	 data	 environments,	 insufficient	 skill	 among	 staff,	 and	 deep-seated	
resistance	 to	 changing	 established	 working	 habits.	 Without	 confronting	 these	
directly,	AI	remains	an	expensive	tool	that	underdelivers.	The	paper	concludes	with	
a	 five-pillar	 framework	 designed	 to	 guide	 organisations	 through	 the	 full	
implementation	journey.	

	
1.	INTRODUCTION	
Few	industries	match	construction	when	it	comes	
to	 the	 sheer	 complexity	 of	managing	 risk.	 At	 any	
given	moment,	a	 large	project	site	 is	dealing	with	
dozens	of	 interdependent	 variables	—	workforce	
availability,	subcontractor	reliability,	material	lead	
times,	 weather	 exposure,	 equipment	 readiness,	
regulatory	compliance,	and	more	[1][2].	Any	one	of	

these	 can	 derail	 a	 project;	 in	 combination,	 they	
create	a	risk	environment	that	is	genuinely	difficult	
to	govern	with	conventional	methods	[3][4].	
The	industry's	track	record	bears	this	out.	Studies	
consistently	show	that	major	construction	projects	
around	the	world	fail	to	meet	their	original	cost	and	
time	 targets	 [5][6].	 A	 widely	 cited	 McKinsey	
analysis	 from	 2020	 found	 that	 large-scale	
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infrastructure	 and	 building	 projects	 routinely	
exceed	their	schedules	by	a	fifth	and	their	budgets	
by	 considerably	more	 [7].	 In	 the	UAE,	where	 the	
pace	of	development	is	particularly	intense,	these	
overruns	 are	 not	 just	 statistical	 abstractions	 —	
they	represent	billions	in	lost	value	and	significant	
reputational	damage	to	the	organisations	involved	
[8]-[12].	
The	 root	 of	 this	 problem	 is	 not	 incompetence	 or	
inattention.	 It	 is	 structural.	 Traditional	 risk	
management	is	built	around	periodic	check-ins	—	
weekly	progress	reports,	monthly	budget	reviews,	
site	inspections	that	happen	at	fixed	intervals	[13]-
[18].	 This	 cycle	 works	 tolerably	 well	 when	
conditions	are	stable	[19][20].	When	they	are	not	
—	and	 in	 construction,	 they	 rarely	are	—	 the	 lag	
between	when	something	starts	going	wrong	and	
when	it	becomes	visible	in	a	formal	report	can	be	
days	or	weeks	[21].	By	then,	the	corrective	window	
has	often	passed.	
AI	 technologies	 offer	 a	 genuinely	 different	
approach.	Machine	learning	models	can	digest	far	
more	 project	 data	 than	 any	 team	 of	 humans	 and	
surface	patterns	that	would	otherwise	be	invisible	
[22]-[26].	Computer	vision	systems	can	watch	an	
entire	 site	 continuously,	 flagging	 compliance	
failures	 in	 real	 time	 rather	 than	 waiting	 for	
someone	 to	 do	 a	 walkthrough	 [27].	 Predictive	
analytics	 can	 model	 how	 a	 current	 deviation	 in	
procurement	 or	 subcontractor	 performance	 is	
likely	 to	 affect	 the	 schedule	weeks	down	 the	 line	
[28]-[30].	Taken	together,	these	capabilities	point	
toward	 a	 version	 of	 risk	 management	 that	 is	
proactive	 rather	 than	 reactive	—	 one	 where	 the	
goal	is	to	prevent	incidents	rather	than	respond	to	
them	[31]-[35].	
However,	 implementing	 AI	 in	 construction	 is	 not	
straightforward	 [36].	 The	 technology	 itself	 has	
advanced	 considerably,	 but	 the	 organisational	
conditions	needed	to	make	it	work	have	received	
far	 less	attention	 in	 the	 literature	 [37]-[40].	Most	
published	studies	focus	on	a	single	application	—	
safety	monitoring,	or	cost	forecasting,	or	schedule	
prediction	—	 and	 say	 relatively	 little	 about	 how	
these	 tools	 interact	 when	 deployed	 together,	 or	
about	 the	 human	 and	 institutional	 factors	 that	
determine	 whether	 any	 of	 them	 deliver	 value	 in	
practice	[41]-[45].	
This	study	is	an	attempt	to	fill	that	gap.	It	draws	on	
direct	 conversations	 with	 practitioners	 who	 are	
using	AI	tools	on	active	construction	projects,	and	

it	tries	to	surface	both	what	is	working	and	what	is	
not	 —	 with	 enough	 specificity	 to	 be	 genuinely	
useful	to	organisations	thinking	through	their	own	
AI	strategy.	
1.1	Research	Questions	
Three	questions	guide	the	analysis	throughout	this	
paper:	

• RQ1:	To	what	extent	does	AI-enabled	risk	
detection	 shift	 construction	 risk	
management	from	a	reactive	to	a	proactive	
model,	and	what	organisational	conditions	
shape	that	shift?	

• RQ2:	How	does	the	 integration	of	AI	tools	
affect	 safety	 performance,	 cost	 variance,	
and	 schedule	 adherence	 in	 live	
construction	projects?	

• RQ3:	What	are	the	main	structural	barriers	
to	effective	AI	adoption	in	construction	risk	
management,	 and	 how	 can	 organisations	
address	them?	

	
2.	LITERATURE	REVIEW	
2.1	Limitations	of	Traditional	Risk	Management	 in	
Construction	
Risk	 management	 has	 been	 part	 of	 construction	
project	 practice	 for	 decades.	 It	 is	 embedded	 in	
widely	used	standards	—	PMBOK,	ISO	31000,	and	
various	sector-specific	methodologies	—	and	most	
large	organisations	have	 formal	 risk	processes	 in	
place	[46]-[50].	The	problem	is	not	the	absence	of	
these	 frameworks.	 It	 is	 that,	even	where	they	are	
diligently	 followed,	 they	 tend	 to	 share	a	 common	
flaw:	 they	 are	 built	 around	 identifying	 and	
responding	to	risks	that	are	already	visible	rather	
than	 anticipating	 those	 that	 are	 still	 developing	
[51]-[55].	
This	reactivity	is	not	accidental	—	it	is	a	structural	
consequence	of	how	traditional	 risk	management	
collects	 and	processes	 information	 [56][57].	 Risk	
registers	are	updated	when	someone	fills	them	in.	
Progress	reports	are	compiled	weekly	or	monthly.	
Site	inspections	happen	on	a	schedule	[58].	Each	of	
these	 processes	 has	 significant	 latency	 built	 in	
[59]-[62].	 [5]	 examined	 cost	 overrun	 patterns	
across	major	construction	projects	and	found	that	
the	 contributing	 problems	 were	 typically	
detectable	 in	 early	 project	 data	—	 the	 issue	was	
that	 the	 monitoring	 systems	 in	 place	 were	 not	
sensitive	enough	 to	 surface	 them	until	 it	was	 too	
late	to	respond	effectively	[63]-[68].	
Data	 fragmentation	 compounds	 this.	 On	 most	
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construction	projects,	cost	information	lives	in	one	
system,	safety	records	in	another,	scheduling	data	
in	 a	 third	 [69]-[72].	 Each	 is	 maintained	 by	 a	
different	 team	and	reviewed	 in	a	different	 forum.	
Nobody	is	looking	at	all	of	it	together,	which	means	
cross-domain	risk	signals	—	a	procurement	delay	
that	will	affect	labour	deployment	which	will	affect	
the	 critical	 path	 —	 go	 unnoticed	 until	 each	
individual	problem	has	become	visible	on	its	own	
terms	 [73].	 [4]	 traced	 this	 kind	 of	 systemic	
fragmentation	 as	 a	 root	 cause	 of	 the	 consistent	
underestimation	 of	 cost	 and	 time	 that	
characterises	large	projects	worldwide.	
	
2.2	 Artificial	 Intelligence	 in	 Construction	 Risk	
Management	
AI	 adoption	 in	 construction	 has	 accelerated	
noticeably	 over	 the	 past	 several	 years.	 Three	
application	 areas	 are	 directly	 relevant	 to	 risk	
management	[74]-[78].	
Machine	 learning	 approaches	 —	 particularly	
models	 trained	 on	 historical	 project	 datasets	 —	
have	 proven	 well	 suited	 to	 predictive	 risk	
modelling	[79]-[83].	[3]	demonstrated	that	models	
built	 on	 historical	 safety	 incident	 data	 could	
identify	 leading	 indicators	 of	 upcoming	 safety	
events	with	 accuracy	 that	meaningfully	 exceeded	
expert	human	 judgment	 [84]-[89].	More	recently,	
[3]	reviewed	the	literature	on	AI	cost	forecasting	in	
construction	 and	 found	 that	 predictive	 models	
consistently	outperformed	conventional	statistical	
methods,	with	accuracy	improvements	in	the	range	
of	 15	 to	 30	 percentage	 points	 across	 multiple	
studies	 [90].	 An	 important	 qualification	 in	 Tian's	
review	is	worth	noting:	training	data	quality	is	the	
single	 most	 important	 determinant	 of	 model	
performance	 [91]-[94].	 Organisations	 with	
fragmented	 or	 inconsistently	maintained	 records	
tend	to	get	inconsistent	results	[95].	
Computer	vision	is	arguably	the	most	immediately	
deployable	 AI	 application	 in	 construction	 [96]-
[100].	 Systems	 of	 the	 kind	 reviewed	 by	 [4]	 can	
detect	 personal	 protective	 equipment	 violations,	
unauthorised	zone	access,	and	unsafe	postures	 in	
real	time	—	enabling	supervisors	to	act	before	an	
incident	 occurs	 rather	 than	 after	 [101]-[106].	
Research	 by	 [4]	 comparing	 projects	 with	 fully	
deployed	AI	safety	monitoring	to	control	projects	
found	 reductions	 in	 recordable	 safety	 incidents	
averaging	around	35	percent	[107]-[111].	
Predictive	analytics	for	scheduling	and	cost	 is	the	

third	 major	 application	 area	 [112]-[116].	 [5]	
reviewed	 87	 studies	 and	 found	 that	 AI-based	
forecasting	 models	 identified	 emerging	 schedule	
deviations	an	average	of	three	to	six	weeks	earlier	
than	conventional	monitoring	[117]-[122].	For	cost	
management,	 [123]	 documented	 a	 reduction	 in	
final	 cost	 variance	 from	 around	 12	 percent	 to	
under	 5	 percent	 across	 a	 sample	 of	 UAE	
construction	 projects	 where	 AI-enabled	 early	
warning	systems	were	in	use	[124]-[127].	
	
2.3	 Operational	 Best	 Practices	 in	 AI-Enabled	 Risk	
Management	
The	 practical	 literature	 on	 AI	 implementation	 is	
consistent	on	a	handful	of	prerequisites	[128].	Data	
quality	and	integration	is	the	most	fundamental:	AI	
models	 perform	 in	 proportion	 to	 the	 quality	 of	
their	 inputs	 [129]-[132].	 [6]	 found	 that	
organisations	 investing	 in	 unified	 digital	 project	
management	 platforms	 before	 deploying	AI	 tools	
achieved	substantially	better	outcomes	than	those	
that	 layered	 AI	 onto	 fragmented	 legacy	 systems	
[133].	
Human-AI	 interface	 design	 is	 a	 second	 critical	
factor	[134].	[6]	make	the	case	that	AI	generates	its	
value	 in	 professional	 settings	 not	 by	 replacing	
human	judgment	but	by	augmenting	it	—	and	that	
this	augmentation	only	works	when	AI	outputs	are	
presented	in	forms	that	practitioners	can	actually	
interpret	 and	 act	 on	 [135].	 [7]	 extend	 this	
argument,	 noting	 that	 the	 largest	 barriers	 to	 AI	
value	 realisation	 are	 typically	 not	 technical	 but	
organisational:	 insufficient	 training,	 entrenched	
habits,	 and	resistance	 from	people	who	 feel	 their	
expertise	is	being	bypassed	[136].	
	
2.4	Research	Gap	
Two	 gaps	 in	 the	 existing	 literature	 are	 directly	
relevant	 to	 this	 study.	 The	 first	 is	 the	 tendency	
toward	 single-domain	 analysis.	 Published	 studies	
examine	 AI	 for	 safety	 monitoring,	 or	 AI	 for	 cost	
prediction,	or	AI	for	schedule	management	—	each	
in	 relative	 isolation.	This	mirrors	 the	 fragmented	
way	AI	is	often	adopted	in	industry,	but	it	leaves	the	
integrated	 risk	 management	 question	 largely	
unaddressed.	
The	 second	 gap	 is	 the	 relative	 absence	 of	
practitioner-centred	 research.	 The	 majority	 of	
published	 work	 is	 technically	 focused	 —	 model	
accuracy,	 algorithm	design,	 simulation	results.	As	
[7]	observes,	the	gap	between	what	AI	achieves	in	
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controlled	research	settings	and	what	it	delivers	on	
real	 construction	 projects	 is	 substantial,	 and	 the	
explanatory	 factors	 are	 primarily	 organisational	
and	human,	not	technical.	This	study	is	designed	to	
address	both	gaps	directly.	
	
3.	RESEARCH	METHODOLOGY	
3.1	Research	Approach	and	Justification	
This	 study	 takes	 a	 qualitative	 approach,	 situated	
within	 an	 interpretivist	 tradition.	 The	 choice	 is	
deliberate.	 The	 central	 questions	 in	 this	 research	
concern	 how	 and	 why	 AI	 produces	 or	 fails	 to	
produce	 improvement	 in	 construction	 risk	
management	 —	 questions	 about	 professional	
experience,	 organisational	 context,	 and	 the	
mechanisms	 through	which	 technology	 intersects	
with	 practice.	 These	 are	 not	 questions	 that	 lend	
themselves	 to	 quantitative	 measurement;	 they	
require	the	kind	of	nuanced,	contextually	grounded	
inquiry	that	qualitative	methods	are	designed	for.	
A	qualitative	lens	also	makes	it	possible	to	explore	
dimensions	 of	 AI	 adoption	 that	 are	 typically	

underreported	 in	 quantitative	 studies:	 the	
workarounds	practitioners	develop	when	tools	fall	
short,	 the	 informal	 dynamics	 that	 shape	whether	
staff	actually	use	a	system	that	has	been	nominally	
implemented,	 the	 specific	 moments	 where	 an	 AI	
output	 made	 a	 decisive	 difference	 or	 caused	
confusion.	This	texture	is	precisely	what	is	needed	
to	bridge	the	gap	between	technical	capability	and	
operational	reality.	
3.2	Research	Design	
Semi-structured	 interviews	 were	 used	 as	 the	
primary	 data	 collection	 method.	 This	 design	
provides	 a	 balance	 between	 consistency	 —	
ensuring	that	each	interview	covers	the	key	topics	
—	 and	 flexibility	 —	 allowing	 participants	 to	
expand	 on	 the	 experiences	 they	 find	 most	
significant.	Unlike	structured	questionnaires,	semi-
structured	 interviews	 allow	 the	 conversation	 to	
follow	 threads	 that	 the	 researcher	 had	 not	
anticipated,	 which	 is	 particularly	 valuable	 when	
the	 phenomenon	 under	 study	 is	 still	 relatively	
novel	(see	Table	1).	

Table	1:		Research	Framework	Summary	
Component	 Design	Choice	 Justification	

Paradigm	 Interpretivist	/	Qualitative	 Appropriate	 for	 experience-based	 inquiry	 into	
complex	professional	phenomena	[3]	

Method	 Semi-structured	interviews	 Balances	 thematic	 consistency	 with	 flexibility;	
enables	elaboration	of	emergent	insights	

Sampling	 Purposive	 —	 9	 professionals	
across	3	role	types	

Ensures	 domain	 relevance	 and	 diverse	 risk	
management	perspective	

Participants	 3	 Project	 Managers,	 3	 Safety	
Engineers,	3	Planning	Engineers	

Triangulates	 perspectives	 across	 identification,	
monitoring,	and	scheduling	functions	

Analysis	 Thematic	Analysis	[3]	 Systematic,	 rigorously	 validated	 framework	 for	
qualitative	coding	in	PM	research	

Duration	 30–45	minutes	per	interview	 Sufficient	 depth	 to	 achieve	 thematic	 saturation	
across	five	analytical	variables	

3.4	Participants	
Participants	 were	 identified	 through	 purposive	
sampling	based	on	two	criteria:	a	minimum	of	five	
years	 of	 experience	 in	 construction	 project	
management,	and	direct	hands-on	exposure	 to	AI	
or	 advanced	 digital	 risk	management	 tools.	 Nine	
individuals	were	selected	across	three	professional	
categories	—	project	managers,	 safety	 engineers,	
and	 planning	 engineers,	 three	 from	 each	 —	
ensuring	that	the	data	reflected	perspectives	from	
across	 the	 risk	 identification,	 monitoring,	 and	

scheduling	functions.	
Purposive	 sampling	 was	 preferred	 over	 random	
sampling	 because	 the	 study's	 interpretive	 goals	
required	 rich,	 experience-based	 accounts	 from	
people	 with	 specific	 and	 directly	 relevant	
expertise.	 [8]	note	 that	qualitative	 sampling	aims	
not	 for	 statistical	 representativeness	 but	 for	
information	richness.	By	the	seventh	interview,	no	
substantially	 new	 themes	 were	 emerging,	
indicating	 that	 thematic	 saturation	 had	 been	
reached.	
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3.5	Ethical	Considerations	
Each	participant	provided	informed	consent	before	
the	 interview	 took	 place.	 Throughout	 the	 study,	
confidentiality	 was	 strictly	 maintained	 —	 no	
individual	 names	 or	 organisational	 identifiers	
appear	 in	 the	 data	 or	 analysis.	 Participants	
retained	 the	 right	 to	 withdraw	 at	 any	 point	 and	
without	 penalty.	 Interview	 recordings	 were	
deleted	 after	 transcription.	 Data	 storage	 and	
handling	throughout	the	project	followed	standard	
academic	 ethics	 protocols	 applicable	 to	
professional	interview	research.	
	
4.	DATA	ANALYSIS	
4.1	Analytical	Framework	
Interview	transcripts	were	analysed	using	[3]	six-
step	thematic	analysis	framework:	familiarisation,	
initial	 code	 generation,	 theme	 searching,	 theme	
review,	 theme	 definition	 and	 naming,	 and	 report	
production.	 To	 reduce	 individual	 bias,	 two	
members	 of	 the	 research	 team	 coded	 the	 data	
independently	 before	 comparing	 and	 reconciling	
their	results,	providing	a	basic	form	of	investigator	
triangulation.	
Five	 variables	 drawn	 from	 the	 literature	 review	
served	 as	 the	 analytical	 scaffold:	 early	 risk	
detection,	 decision-making	 speed,	 information	
accuracy,	data	integration,	and	human-technology	
interaction.	These	guided	the	initial	coding	without	
closing	 off	 emergent	 themes.	 Two	 such	 themes	
surfaced	 during	 analysis:	 the	 centrality	 of	
leadership	commitment	 to	AI	adoption	outcomes,	
and	 a	 distinction	 between	 organisations	 that	
adopted	AI	proactively	as	part	of	a	strategic	agenda	
versus	those	that	adopted	it	reactively	in	response	
to	a	specific	incident	or	failure.	
	
4.2	Thematic	Analysis	Results	

• Theme	 1:	 Early	 Risk	 Detection	 —	 The	
Core	Value	Proposition	

Every	participant	raised	early	risk	detection	as	the	
most	 immediate	 and	 tangible	 benefit	 of	 working	
with	 AI	 tools	 —	 and	 none	 of	 them	 needed	
prompting	 to	 do	 so.	 What	 came	 through	 in	 the	
interviews,	 though,	 was	 that	 the	 gain	 was	 not	
simply	a	matter	of	speed.	Participants	described	a	
qualitative	change	in	the	kind	of	risks	that	became	
visible	 to	 them	—	not	 just	 faster	detection	of	 the	
same	 threats	 they	 were	 already	 tracking,	 but	
identification	 of	 patterns	 and	 problems	 that	
traditional	monitoring	would	never	have	surfaced	

at	all.	
Safety	 engineers	 described	 cameras	 flagging	 PPE	
violations	 and	 unsafe	 proximity	 to	 heavy	
equipment	within	seconds	—	incidents	that	under	
periodic	 inspection	 regimes	 might	 go	 entirely	
unrecorded.	 Project	 managers	 described	 cost	
forecasting	 models	 picking	 up	 early	 signals	 of	
budget	 trajectory	problems	 from	patterns	 spread	
across	 procurement,	 subcontractor	 billing,	 and	
material	delivery	data	—	signals	that	no	individual	
team	member	was	in	a	position	to	synthesise.	One	
participant	put	it	directly:	'The	system	identified	a	
potential	12	percent	cost	overrun	six	weeks	before	
our	manual	tracking	would	have	shown	anything.	
We	 were	 able	 to	 resequence	 procurement	 and	
recover	almost	entirely.'	
A	 consistent	 qualification	 accompanied	 these	
accounts:	 the	 reliability	 of	 early	 detection	
depended	entirely	on	the	quality	of	the	underlying	
data.	 In	 organisations	 where	 records	 were	
fragmented	 or	 inconsistently	 maintained,	 AI	
outputs	 were	 described	 as	 erratic	 —	 producing	
false	 positives	 that	 undermined	 staff	 confidence	
and,	 in	 a	 number	 of	 cases,	 led	 to	 the	 tools	 being	
quietly	set	aside.	

• Theme	 2:	 Decision-Making	 Speed	 and	
Quality	

Participants	 reported	 AI's	 impact	 on	 decision-
making	 along	 two	distinct	 dimensions.	On	 speed,	
real-time	 dashboards	 and	 automated	 alerts	
compressed	the	time	between	risk	emergence	and	
managerial	awareness	from	days	to	hours,	and	in	
some	cases	 to	minutes.	Planning	engineers	noted	
that	 what	 previously	 required	 assembling	 and	
reviewing	 a	 progress	 report	 —	 itself	 a	 process	
measured	 in	 hours	 —	 could	 now	 be	 assessed	
almost	 instantaneously,	 freeing	up	 time	 to	model	
response	options	rather	than	simply	diagnose	the	
situation.	
On	decision	quality,	the	picture	was	more	varied.	In	
organisations	 with	 solid	 data	 governance	 and	
reasonable	levels	of	AI	literacy	among	project	staff,	
AI	outputs	were	reported	to	consistently	improve	
the	 quality	 of	 decisions	 by	 making	 relevant	
information	 available	 and	 integrated	 in	 ways	 it	
previously	 had	 not	 been.	 In	 less	 mature	
environments,	 the	 opposite	 was	 sometimes	 true:	
staff	who	lacked	the	training	to	critically	evaluate	
AI	 recommendations	 either	 ignored	 them	 or	
followed	 them	 uncritically,	 neither	 of	 which	
represents	 a	 meaningful	 improvement	 over	
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conventional	practice.	The	pattern	that	emerged	is	
one	of	conditional	value	—	AI	 improves	decision-
making	when	the	conditions	for	its	effective	use	are	
genuinely	in	place,	and	adds	little	or	negative	value	
when	they	are	not.	
Theme	 3:	 Data	 Accuracy	 and	 Information	
Integrity	
All	 three	 professional	 groups	 in	 the	 study	 —	
project	managers,	 safety	 engineers,	 and	 planning	
engineers	—	 identified	data	accuracy	as	both	 the	
most	important	enabler	of	AI	performance	and	its	
most	frequent	point	of	failure.	The	basic	premise	of	
AI	in	construction	is	that	automated	data	capture,	
from	 sensors,	 cameras,	 BIM	 systems,	 and	
integrated	 platforms,	 produces	 more	 reliable	
records	 than	 manual	 processes.	 In	 organisations	
where	 this	 premise	 holds	 —	 where	 the	 digital	
infrastructure	is	genuinely	mature	—	participants	
reported	 meaningful	 reductions	 in	 reporting	
errors	 and	 substantially	 increased	 confidence	 in	
the	data	underlying	their	decisions.	
In	organisations	where	the	data	environment	was	
poor,	 the	 reverse	 was	 observed.	 Manual	 data	
entered	 inconsistently	 into	 legacy	 systems,	
duplicated	records	across	disconnected	platforms,	
and	 incomplete	 historical	 datasets	 produced	 AI	
outputs	 that	 participants	 variously	 described	 as	
'misleading,'	full	of	'noise,'	and	in	one	case	'worse	
than	nothing.'	This	finding	maps	closely	onto	what	
the	literature	has	consistently	found:	data	quality	is	
the	 foundational	prerequisite	 for	AI	performance,	
and	 treating	 it	 as	an	 IT	maintenance	 issue	 rather	
than	a	strategic	priority	 is	a	reliable	path	to	poor	
results.	

• Theme	 4:	 Data	 Integration	 —	 The	
Critical	Infrastructure	Challenge	

If	any	single	theme	dominated	the	analysis,	it	was	
data	 integration.	 Participants	 consistently	
described	 a	 failure	 pattern	 that	 appeared	 across	
multiple	 organisations:	 AI	 tools	 deployed	 in	
isolation,	 connected	 to	 one	 data	 source	 but	 not	
integrated	 with	 the	 broader	 project	 information	
environment.	 In	 these	 cases,	 the	 tool	 might	
produce	 genuinely	 useful	 insights	 within	 its	
specific	 domain,	 but	 those	 insights	 could	 not	 be	
connected	to	insights	from	other	domains	—	which	
is	 precisely	 where	 the	 most	 valuable	 risk	
intelligence	lies.	
The	clearest	outcomes,	in	terms	of	both	the	breadth	
and	 the	 durability	 of	 AI's	 impact,	 were	 in	
organisations	that	had	invested	in	a	unified	digital	

platform	 before	 deploying	 AI	 tools.	 Several	
participants	emphasised	this	sequencing	explicitly.	
One	project	manager's	 summary	was	particularly	
pointed:	 'We	 tried	 to	 build	 the	 AI	 on	 top	 of	 the	
mess.	It	just	amplified	the	mess.	When	we	fixed	the	
foundation	 first,	 everything	 changed.'	 This	
observation	 —	 that	 data	 infrastructure	 must	
precede	AI	deployment	 rather	 than	accompany	 it	
or	follow	it	—	recurred	enough	across	interviews	
to	 count	 as	 one	 of	 the	 study's	 clearest	 practical	
findings.	

• Theme	 5:	 Human-Technology	
Interaction	 —	 Augmentation,	 Not	
Replacement	

Participants	 consistently	 rejected	 both	 extreme	
framings	of	AI	 in	construction	—	neither	the	idea	
that	 AI	 can	 autonomously	 manage	 risk	 without	
human	oversight,	nor	the	idea	that	it	represents	a	
fundamental	 threat	 to	 professional	 roles.	 What	
they	described	instead	was	a	tool	that	is	powerful	
but	fundamentally	dependent	on	human	judgment	
to	be	useful.	The	value	of	AI,	in	the	accounts	given	
here,	 is	 produced	 at	 the	 interface	 between	
algorithmic	output	and	professional	interpretation	
—	not	in	place	of	that	interpretation.	
This	 aligns	with	 [5]	 distinction	 between	 decision	
augmentation	and	decision	automation.	The	most	
experienced	 participants	 were	 also	 the	 most	
explicitly	aware	of	AI's	limitations:	its	vulnerability	
to	 data	 quality	 problems,	 its	 tendency	 to	 overfit	
historical	 patterns,	 and	 its	 inability	 to	 handle	
genuinely	 novel	 situations	 with	 any	 reliability.	
They	 used	 AI	 outputs	 judiciously,	 as	 one	 input	
among	several.	Less	experienced	users	were	more	
prone	to	both	forms	of	misuse	—	either	dismissing	
AI	 signals	 that	 conflicted	with	 their	 intuitions,	 or	
following	 AI	 recommendations	 without	 critically	
evaluating	them.	
Resistance	 to	 AI	 adoption	 was	 present	 in	 every	
organisation	 studied,	 but	 its	 character	 varied	
considerably	 depending	 on	 how	 implementation	
had	been	handled.	Where	AI	was	introduced	with	
adequate	 preparation,	 visible	 leadership	 support,	
and	an	explicit	framing	of	the	technology	as	a	tool	
to	make	staff	more	effective	rather	than	to	replace	
them,	 resistance	 diminished	 over	 time.	 Where	 it	
was	imposed	as	a	top-down	directive	without	these	
ingredients,	resistance	was	more	persistent	and,	in	
several	 cases,	 manifested	 as	 covert	 non-use	 of	
systems	that	were	nominally	in	operation.	
	



K. K. Mubarak et al.                       International Journal of Business Analytics and Security (IJBAS) 6(1) -2026-  119	

https://doi.org/10.54489/ijbas.v6i1.601                                                                                                    Published by: GAFTIM, https://gaftim.com 

5.	FINDINGS	AND	DISCUSSION	
The	 findings	 below	 are	 presented	 in	 structured	
form,	with	each	finding	accompanied	by	an		
Table	2:	Findings	and	Performance	Impact	
explanation	 of	 the	 mechanism	 through	 which	 it	

operates,	 its	 observed	 impact	 on	 project	
performance,	 its	 linkage	 to	 the	 study's	 research	
questions,	and	its	principal	limitation	(see	Table2).	
	

Finding	 Mechanism	 Performance	Impact	 RQ	Link	 Key	Limitation	

F1:	 AI	 enables	
shift	from	reactive	
to	 proactive	 risk	
posture	

Predictive	 models	
surface	 early	 signals	
from	multi-domain	data;	
monitoring	 systems	
detect	 deviations	 in	 real	
time	before	they	escalate.	

Average	 time-to-risk-
awareness	reduced	from	
days	 to	 hours.	 Early	
identification	 of	 cost	
overrun	trajectories	3–6	
weeks	 ahead	 of	
conventional	systems.	

RQ1	 Dependent	 on	 data	
quality;	 fragmented	
records	 produce	
unreliable	 outputs	
and	false	positives.	

F2:	 AI-based	
safety	 monitoring	
reduces	 incident	
exposure	

Computer	 vision	 detects	
PPE	 violations	 and	
unsafe	 behaviours	
continuously,	 enabling	
intervention	 before	
incidents	occur.	

Literature	 documents	
~35%	 reduction	 in	
recordable	 incidents	 in	
fully	 deployed	 contexts	
[8].	 Participants	
corroborated	 this	 order	
of	magnitude.	

RQ2	 —	
Safety	

Camera	 coverage	
gaps	 and	 variable	
lighting	 reduce	
detection	 reliability.	
Systems	 need	
ongoing	calibration.	

F3:	 Predictive	
analytics	 reduces	
final	cost	variance	

ML	 models	 identify	 cost	
trajectory	 deviations	
from	 procurement	 and	
billing	data	early	enough	
for	corrective	action.	

Documented	 reduction	
in	 cost	 variance	 from	
~12%	 to	 ~5%	 in	 UAE	
context	 [9].	 Participants	
confirmed	 ability	 to	
intervene	 on	 early	
signals.	

RQ2	—	Cost	 Model	 accuracy	
degrades	 on	 project	
types	 not	 well-
represented	 in	
training	data.	

F4:	 AI	 improves	
schedule	
forecasting	 lead	
time	

Schedule	 models	 detect	
deviation	 patterns	 in	
resource	 usage	 and	
subcontractor	
performance	before	they	
reach	the	critical	path.	

3–6	weeks	 earlier	 delay	
identification	 vs	
conventional	monitoring	
[7];	 participants	
reported	 successful	
resequencing	 that	
avoided	 critical	 path	
impacts.	

RQ2	 —	
Schedule	

Effectiveness	
reduced	 when	 site	
data	 is	 collected	
manually	 or	
infrequently.	

F5:	 Structural	
barriers	 constrain	
value	realisation	

System	 fragmentation,	
skill	 deficits,	 and	
resistance	 operate	 as	
interdependent	
constraints.	 Each	 limits	
AI	 effectiveness;	 in	
combination	 they	 can	
make	 investment	 non-
productive.	

Organisations	 with	 all	
three	 barriers	
unaddressed	 reported	
AI	 tools	 abandoned	
within	 12	 months	 of	
deployment.	

RQ3	 Sample	 size	 limits	
generalisability;	
barrier	 severity	
varies	 by	
organisation	 and	
project	type.	

	
Table	3:		Traditional	vs.	AI-Enabled	Risk	Management:	A	Comparative	Overview	
Dimension	 Traditional	Approach	 AI-Enabled	Approach	

Risk	Detection	 Reactive	 —	 identified	 after	
emergence	 via	 manual	 inspection	

Proactive	 —	 predicted	 from	 data	 patterns	
before	impact	materialises	
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and	periodic	reporting	

Safety	Monitoring	 Periodic	 site	 inspections;	 PPE	
compliance	 checked	 at	 discrete	
intervals	

Continuous	computer	vision	monitoring;	real-
time	alerts	on	unsafe	behaviours	

Cost	Management	 Monthly	 budget	 reviews;	 overruns	
identified	 after	 significant	 variance	
has	accumulated	

Predictive	 analytics	 identify	 trajectory	
deviations	3–6	weeks	in	advance	

Schedule	Management	 Weekly	 progress	 reports;	 delays	
visible	only	after	critical	path	impact	

ML-based	 forecasting	 identifies	 delays	 and	
models	resequencing	options	in	near	real	time	

Data	Processing	 Manual	 compilation;	 significant	
latency	between	event	and	record	

Automated	 collection	 from	 sensors	 and	
integrated	 platforms;	 higher	 accuracy	 and	
speed	

Human	Role	 Primary	 risk	 identification;	
judgment-based	assessment	

Judgment	augmented	by	AI;	expertise	directed	
toward	interpretation	and	action	

Key	Vulnerability	 Information	latency;	cognitive	limits	
on	data	volume	

Data	 quality	 dependence;	 skill	 requirements;	
institutional	adoption	barriers	

	
5.1.		Limitations	
Four	 boundaries	 on	 this	 study's	 conclusions	
deserve	explicit	acknowledgment.	
First,	the	sample	size.	Nine	participants	is	sufficient	
to	 reach	 thematic	 saturation	 within	 a	 focused	
qualitative	 study	 of	 this	 kind,	 but	 it	 does	 not	
support	strong	claims	about	generalisability	across	
the	full	range	of	project	types,	organisational	sizes,	
or	national	contexts	that	the	construction	industry	
encompasses.	 Larger	 and	 more	 geographically	
diverse	samples	would	strengthen	future	work.	
Second,	 self-report	 bias.	 All	 data	 derives	 from	
participants'	 accounts	 of	 their	 own	 experiences,	
which	may	be	shaped	by	a	desire	to	present	their	
organisations	 in	 a	 favourable	 light,	 or	 by	 the	
natural	 tendency	 to	 reconstruct	 past	 events	 in	
ways	 that	 are	 more	 coherent	 in	 retrospect	 than	
they	 actually	 were	 at	 the	 time.	 Triangulating	
qualitative	interview	data	against	objective	project	
performance	 records	 would	 help	 address	 this	 in	
future	studies.	
Third,	 the	 cross-sectional	 design.	 This	 study	
captures	a	snapshot	of	AI	adoption	as	it	stood	at	the	
time	 of	 the	 interviews.	 AI	 in	 construction	 is	 a	

moving	target	—	the	tools	are	maturing,	costs	are	
falling,	 and	 professional	 familiarity	 is	 growing.	
Longitudinal	 research	 tracking	 adoption	
trajectories	 over	 three	 to	 five	 years	 would	 add	
significant	value	to	the	field.	
Fourth,	 contextual	 specificity.	 The	 UAE	 is	 a	
distinctive	 construction	 market:	 the	 scale	 of	
projects	 is	 unusually	 large,	 the	 workforce	 is	
predominantly	 expatriate,	 government	
involvement	 is	 significant,	 and	 the	 pace	 of	
digitalisation	 is	 accelerating	 rapidly.	 Some	 of	 the	
findings	 here	 may	 reflect	 these	 conditions	
specifically	 rather	 than	 the	 construction	 industry	
in	 general.	 Comparative	 studies	 across	 multiple	
national	 contexts	 would	 help	 establish	 which	
conclusions	 are	universal	 and	which	 are	 context-
bound.	
5.2.		Recommendations	
The	 following	 five-pillar	 framework	 brings	
together	the	study's	practical	conclusions	in	a	form	
that	is	sequenced	for	implementation	—	beginning	
with	the	foundations	that	must	be	in	place	before	
AI	 tools	 are	 deployed,	 and	 building	 toward	 the	
more	advanced	integration	strategies	that	become	
possible	once	those	foundations	are	secure.	

Table	4:	Recommendations	
#	 Pillar	 Recommendation	 Evidence	Base	

1	 Data	 Infrastructure	
First	

Invest	 in	unified	digital	project	platforms	and	
standardised	 data	 governance	 before	
deploying	 AI.	 AI	 built	 on	 fragmented	 data	

[8];	participant	consensus	across	all	
nine	interviews	
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amplifies	existing	information	problems	rather	
than	resolving	them.	

2	 Phased	 AI	
Deployment	

Begin	 with	 a	 pilot	 in	 a	 single	 AI	 domain	 —	
typically	 safety	 monitoring,	 which	 tends	 to	
offer	 the	clearest	and	most	 immediate	return.	
Demonstrate	value,	build	staff	confidence,	then	
expand	systematically	across	cost	and	schedule	
domains.	

[6];	practitioner	recommendations	

3	 Structured	 AI	
Literacy	

Develop	 role-specific	 training	 for	 all	 project	
staff	who	 interact	with	 AI	 outputs.	 Focus	 not	
just	 on	 how	 to	 use	 the	 tools	 but	 on	 how	 to	
evaluate	 their	 outputs	 critically	 —	 including	
recognising	when	a	model's	recommendations	
should	be	questioned.	

[5][2];	participant	findings	on	over-	
and	under-reliance	

4	 Integrated	 Risk	
Intelligence	

Move	beyond	isolated	AI	applications	toward	a	
platform	 that	 connects	 safety,	 cost,	 and	
schedule	 data	 streams.	 Cross-domain	
integration	 is	where	AI's	most	 significant	 risk	
management	value	is	realised.	

[4][3];	identified	research	gap	

5	 Leadership	 and	
Cultural	
Commitment	

Senior	 leaders	 must	 visibly	 champion	 AI	
adoption	 and	 frame	 it	 explicitly	 as	 a	 tool	 for	
professional	 augmentation.	 Resistance	
management	 should	 be	 built	 into	 the	
implementation	 plan	 as	 a	 formal	 programme	
element,	not	treated	as	an	afterthought.	

Emergent	interview	theme;	[2]	

	
6.	CONCLUSION	
This	 study	 set	 out	 to	 understand	 how	 AI	 can	
improve	 construction	 risk	management	—	not	 in	
theory,	 but	 in	 practice,	 as	 experienced	 by	 the	
people	who	are	actually	responsible	for	making	it	
work	on	live	projects.	The	picture	that	emerged	is	
more	 nuanced	 than	 the	 technology's	 advocates	
typically	 present,	 and	 more	 optimistic	 than	 its	
sceptics	tend	to	allow.	
AI	does	have	a	genuine	and	substantial	impact	on	
risk	management	when	it	is	properly	implemented.	
The	 shift	 from	 reactive	 to	 proactive	 risk	
identification	 —	 from	 waiting	 for	 problems	 to	
emerge	to	detecting	the	early	signals	that	precede	
them	 —	 is	 not	 a	 marginal	 improvement	 in	 an	
existing	process.	It	is	a	change	in	the	fundamental	
logic	 of	 how	 risk	 is	 governed.	 The	 performance	
differences	 that	 follow	 from	 this	 shift	 are	 real:	
recordable	safety	incidents	down	by	around	a	third	
in	 fully	deployed	environments,	 cost	variance	cut	
by	 more	 than	 half	 in	 well-documented	 cases,	
schedule	 deviations	 identified	weeks	 earlier	 than	
conventional	monitoring	would	have	allowed.	
But	 these	 outcomes	 do	 not	 come	 automatically	

from	deploying	AI	tools.	They	depend	on	a	specific	
set	of	conditions	being	in	place:	data	environments	
that	 are	 clean	 and	 integrated	 enough	 to	 give	 AI	
models	reliable	inputs;	staff	who	have	the	literacy	
to	 interpret	 AI	 outputs	 thoughtfully	 rather	 than	
following	 them	 blindly	 or	 ignoring	 them	
reflexively;	 leadership	 that	makes	 the	 case	 for	AI	
clearly	 and	 manages	 the	 cultural	 resistance	 that	
any	 significant	 change	 in	 working	 practice	 will	
generate.	Where	 these	 conditions	 are	 absent,	 the	
investment	 typically	 fails	 —	 sometimes	 quietly,	
with	tools	that	are	nominally	in	use	but	practically	
ignored.	
The	 central	 reframe	 this	 study	 offers	 is	 this:	 AI	
adoption	 in	 construction	 is	 not	 primarily	 a	
technology	 problem.	 It	 is	 an	 organisational	
readiness	 problem.	 Getting	 the	 technology	 right	
matters,	but	 it	 is	 the	easier	part	of	 the	 challenge.	
Getting	 the	 foundations	 right	 —	 the	 data,	 the	
capability,	 the	 culture	 —	 is	 what	 actually	
determines	 whether	 AI	 delivers	 or	 disappoints.	
Organisations	 that	 understand	 this	 and	 sequence	
their	investments	accordingly	are	the	ones	that	will	
realise	the	full	potential	of	what	AI	makes	possible.	
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Future	 research	 should	 extend	 these	 findings	
through	 longitudinal	 tracking	 of	 AI	 adoption	
outcomes,	 comparative	 studies	 across	 different	
national	 construction	 contexts,	 and	 quantitative	
work	 on	 the	 financial	 returns	 from	 well-
implemented	 AI	 risk	 management	 programmes.	
The	 convergence	 of	 AI	with	 BIM,	 IoT,	 and	 digital	
twin	 technologies	 represents	 a	 particularly	
important	 frontier	 for	 both	 researchers	 and	
practitioners.	
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