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Abstracti 
 
Augmentedirealityiisianiinteractiveiexperienceiofiairealiworldienvironmentiwhereitheiobjectsiith

atiresideiinitheirealiworldiareienhancedibyicomputerigeneratediperceptualiinformation,Iisometim

esiacrossimultiplesensoryimodalities.iTheiproblemiisithatiinjuriesiandifatalitiesiiresultingifromi

workiplaceiaccidentsiremainiaiglobaliconcerniwithinitheiconstructioniandiiengineeringisectors.

ThereiisinoiattentionibeingipaiditoitheihealthiandisafetyiofitheiemployeesAdoptioniofiainewi 

technologyisuchiasiaugmentedirealityicanireduceitheinumberiofisuchiiaccidentsibutiimplement

ationiofisuchiaitechnologyiisitheiproblemiiniconstructionisectoriofiPakistan.iThisistudyi 

providesianiinsightiofitheichallengesiforitheiimplementationiofiiaugmentedirealityiinithei 

constructionisectoriofiPakistan.iAugmentediRealityiisihelpingiforiibettermentiinischeduling,I 

defectidetectioniinimaterialsiandiemployeeisafetyitrainingiasiwell.iThefocusiwouldibeioni 

improvementiofihealthiandisafetyiiniconstructionisectoriofiPakistaniusingiiaugmentedireality.i 

AiconceptualiframeworkiwasidevelopediforitheiimplementationiofiiAugmentediiRealityiini 

constructioniindustryiofiPakistaniforihealthiandisafety. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 

 

TableiofiContents 

Declarationi……………………………………………………………………………………..…ii 

PlagiarismiCertificatei(TurnitiniReport)i…………………………………………………..………iii 

CopyrightiStatementi………………………………………………………………………..…….iiii 

Acknowledgementsi………………………………………………………………………...…….iiv 

Abstract………………………………………………………………………………..…………ivi 

Chapteri1 

INTRODUCTIONi……………………………………..……………………………………….i9 

iii1.1iBACKGROUNDi………………………………………………………………………..…..i9 

iii1.2iPROBLEMiSTATEMENTi……………………………………………………………….....i9 

iii1.3iRESEARCHiOBJECTIVESi…………………………………………………………....….i10 

iii1.4iSIGNIFICANCEi……………………………………………………………………..…….i11 

Chapteri2 

LITERATUREiREVIEWi………………………………………………………………..….…i12 

iii2.1iHEALTHiANDiSAFETYi…………………………………………………………………...i12 

iiiiii2.1.1iHealthi………………………………………………………………….…………………i12 

iiiiii2.1.2iSafetyi…………………………………………………………………….………………i12 

iiiiii2.1.3iAccidentsi………………………………………………………………..………….……i12 

iii2.2iIMPORTANCEiOFiHEALTHiANDiSAFETYiINiCONSTRUCTIONiSECTORi…………...i12 

iiiiii2.2.1iCurrentiStatisticsi………………………………………………………………….………13 

iiiiii2.2.2iLaboriLawsitoiEnsureiSafetyi……………………………………………………...………i14 

iiiiii2.2.3iFactorsiCompromisingiHealthiandiSafetyi……………………………………………...…i14 

iii2.3iHEALTHiANDiSAFETYiINiCONSTRUCTIONiSECTORiOFiPAKISTANi……...………..i16 

iiiiii2.3.1iSafetyiIssuesi………………………………………………………………………...……i16 

iiiiii2.3.2iAniOverviewiofiConstructioniIndustryiiniPakistani…………………………….…….……i16 

iiiiii2.3.3iCausesiofiAccidentsi………………………………………………………………......…..i17 

iii2.4iMAJORiPROBLEMSiINiCONSTRUCTIONiSECTORiOFiPAKISTAN……………..…….i19 

iiiiii2.4.1iQualityiIssuesi……………………………………………………………………..….…..i19 

iiiiii2.4.2iReworkiandiShortageiofiSkillediLabori…………………………………………………....i20 

iiiiii2.4.3iPooriSiteiManagementiandiPooriSupervisioni…………………………………………..…i23 



viii 

 

iii2.5iAUGMENTEDiREALITYiFORiHEALTHiANDiSAFETYiIMPROVEMENTi……...…...…i23 

iiiiii2.5.1iWorkingiofiAugmentediRealityi……………………………………………………..…....i23 

iiiiii2.5.2iAugmentediRealityiiniBIMi………………………………………………………….....…i25 

iiiiii2.5.3iAugmentediRealityiforiSafetyiImprovementi…………………………………..…………i26 

iiiiii2.5.4iEconomicsiofiAugmentediRealityi……………………………………………..…………i28 

iiiiii2.5.5iLimitationsiofiAugmentediRealityi………………………………………………...…...…i29 

iii2.6iADDITIONALiAPPLICATIONSiOFiAUGMENTEDiREALITYi……………………...…..i29 

Chapteri3 

RESEARCHiMETHODOLOGYi…………………………………………………...…………i33 

iii3.1iPROJECTiSCOPEi……………………………………………………………………..……i33 

iii3.2iTIMELINEi……………………………………………………………………….…………i33 

iii3.3iLITERATUREiREVIEWi…………………………………………………………...………i33 

iii3.4iDEVELOPMENTiOFiSURVEYiQUESTIONNAIREi………………………….……..……i33 

iii3.5iREACHINGiOUTiTOiCONTRACTORSiANDiCONSULTANTSi………….…………...…i36 

iii3.6iFREQUENCYiANALYSISi……………………………………..……………….…………i36 

iii3.7iCONCEPTUALiFRAMEWORKi……………………………………….………..…………i42 

iii3.8iRESULTSiANDiCONCLUSIONi……………………………………………………..…….i44 

Chapteri4 

RESULTSiANDiDISCUSSIONi……...………………………………………………..……….i45 

iii4.1iRESULTSi………………………………………………………………………......………i45 

iii4.2iPRACTICALiIMPLEMENTATIONi…....…………………………………………….……i48 

iii4.3iLIMITATIONSi………………………………………………………………………..……i48 

Chapteri5 

CONCLUSIONi……………………….…………………………………………………….….i49 

iii5.1iCONCLUSIONi…………………………………………………………………...…...……i49 

REFERENCESi…………………………………………………………………...………….….i50 

 



9 
 

CHAPTER 1                                                             

INTRODUCTION 

 

1.1   Background 
 

Augmentedirealityiisidefinediasiaiwayithroughiwhichitheirealiworldiisiaugmentediwithi 

virtualiobjectsi(MilgramtiandiKishinott, 1994).iAugmentedirealityisystemsitoihaveithei 

followingiproperties:itoicombineibothitheivirtualiandirealiobjectsiiniairealienvironment; 

geometricallyialigningiivirtualiobjectsiandirealionesiinitheirealiworldiandiruniinteractivelyi 

andiinirealitimei(AzumaiandiBehringer, 2001).iTheibasiciimportanceiofiaugmentedirealityiisi 

theiwayiiniwhichidifferenticomponentsiofitheimodernidigitaliworldareiblendediintoianyi 

user’siinterpretationiandiperceptioniofitheirealiworld,inotionlyibyiaisimpleidisplayiofi 

information,ibutithroughitheiintegrationiofiimmersiveisensations,Iwhichiareiperceivediasi 

componentsiofitheinaturalienvironment.iTheiprimaryiobjectiveiofiaugmentedirealityiisitoi 

provideiairichiaudivisualiexperienceidespiteihavingivariousiimplementationimodelsiandi 

applications. 

Augmentedirealityitechnologyihasibeeniapplieditoiaiwideirangeiofifields:itourism,I 

entertainments,imarketing,isurgery,ilogistics,imanufacturing,imaintenanceiandiothersiii 

(Westerfieldi,MitroviciandiBillinghurst, 2015).iItihasiaffecteditheiconstructioniindustryi 

initheisameiwayiasiitihasirevolutionizedivariousifieldsiofilifeiforitheibetterment 

ofihumanity.iBeforeianyiprojectiisiexecuted,iaugmentedirealityiprovidesiteamsiwithiai 

walkthroughiofitheientireiproject,isavingitimeiandimoneyiandiincreasingitheiaccuracyi 

oficonstructioniprojects.iProjectimanagersicanieasilyianalyzeitheidesigniasitheyicani 

walkithroughitheiproposediprojectiidentifyingiandiamendingianyidesigniflaws. 

 

1.2 Problem Statement 
 

Constructioniisiailarge,idynamiciandicomplexisectorithatioffersiailargeinumberiofi 

employmentiopportunitiesiforimillionsiofipeopleiworldwide.i(iRostamiiandi Sommerville, 

2015)iHowever,ideadlyiaccidentsiinitheiconstructioniindustryiareihigheri 

thaniotherisectorsi(iZhou,iGoh andiLi,i2015).iTheseiproblemsicanibeiaddressedibyi 

usingiaugmentedirealityitechnologyiiniaimoreieffectiveimanneribyitrainingisessionsiofi 

employeesiandiworkers.iLaboricanibeitrainediandiguidediforiworkingiiniharshi 

conditionsiusingiaugmentedirealityigadgets,ithus,iincreasingiproductivityiandireducingi 

casualtiesiatiworksites.iResourcesiinvestediforitheisafetyiofiskillediandiprofessionali 

laboricanisaveitheireputationiandiassetsiofianyicompany.iOnitheiotherihand,iuseiofi 

traditionaliconstructionipracticesihaveiresultediinicostioverruns,iconstructionidelaysi 
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andiwastageiofiresourcesiwhichiresultiinipooriworkiefficiencyiandiproductivity.iThei 

qualityioficonstructionicanibeiwidelyiimprovediandimakeiefficientithroughiuseiofi 

augmentedireality.iWeishallibeidiscussingihowiaugmentedirealityicaniserveithisi purpose. 

 

Secondly,iweihaveibeenitaughtivariousiprojectideliveryimethodsibutiiniPakistan,imosti 

ofitheitimes,itraditionalimethodiisifollowed.iLikewise,iconstructionifirmsipayilessiheedi 

towardsiemployingiproperisafetyimeasuresiduringiconstruction.iLaboriisinotieveni 

properlyiguidediduringilargeiscaleiuniqueiprojects.iSimilarly,iconstructioniindustriesi 

relayionitraditionalipracticesiinsteadiofiinnovativeitechnologyiwhichicaniboostiupitheiri 

efficiencyiandiproductivityiwhichiwilliresultiinimaximizingiprofitimarginiandireductioniin 

costioficonstruction.iWeishalliaddressitheibarriersiwhichilieiiniimplementingitheiuseiofi 

augmentedirealityitechnologyiforitheisafetyiofilaboriandihowiiticaniimproveitheiqualityiofi 

constructioniworksiiniPakistan.iCompaniesidoinotiinvestiinipersonaliprotectiveiequipmenti 

foritheiemployeesiforivariousireasons,ibutitheyineeditoiunderstandithatiskilledilaboriisiai 

valuableiassetiofitheifirmiandishouldiuseiaugmentedirealityiapplicationsiforitrainingitheiemp

loyees.iByiinvestingiinisafetyiofiworkersiitiwilliautomaticallyiimproveitheiqualityiofiworkiandi

makeiconstructioniofistructureisafeiandi sound. 

 

Thirdly,imostiofitheicontractorsiiniPakistaniareinotiawareiofitheifactithatitechnologicali 

advancementsicanibeiusediforisafetyipurposesiandiqualityiimprovementipurposes.i 

Theyineeditoibeiproperlyiguidediaboutitheiapplicationsiofiaugmentedireality.i 

Contractorsineeditoibeipersuadediaboutiusingiaugmentedirealityiforitheisafetyiofithei 

labor,iemployeesiandiforitheiwell-beingiofitheireputationiofitheiriconstructionifirms. 

 

1.3 Research Objectives 
 

Augmented reality has vast areas of applications in construction industry from safety to 

construction modeling. Construction industry is a complicated environment where high 

accident rates are still encountered causing serious project delays and cost overruns which 

results in poor quality of work. Safety education and quality control is important in promoting 

a healthful working environment in construction industry. Main objectives of this project are 

briefly mentioned below: 

 To identify different challenges in the adoption of augmented reality in the construction 

industry of Pakistan 

 To develop a conceptual framework for the improvement of health and safety using 

augmented reality on construction sites. 
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1.4   Significance 

 

Theiconstructioniindustryiandijobisitesiareichanging.iPaperisketches,idrawingsiandidesigni 
plansiareibeingireplacedibyi3Dimodels,idronesiandiainewiinteractiveiexperienceicalledi 
augmentedireality.iAugmentedirealityiisiimprovingiconstructioniteamsibyidrivingimorei 
accuracy,iefficiencyiandioveralliconfidenceiinitheiriprojectsibyicombiningiphysicaliandidigitali
views.iInsteadiofireplacingiemployeesiandilaborionitheiconstructionisites,Iaugmentedirealityi
canigreatlyienhanceitheiwaysidigitalidevicesiandihumansiworki together. 

Safetyiisioneiofitheicommonichallengesiwithinitheiconstructioniindustry.iSafetyiprogramsi 
canicostiailotiofimoneyianditimeiandiareinotimostlyiwellicommunicateditoitargetiaudience.i
Withitheihelpiofianiaugmentedirealityiheadset,ihowever,iworkersicanibeishownivirtualidrills,
iinstruction,iandisafetyiscenarios.iThisistyleiofidirectilearninginotionlyiimprovesitheiri 
awarenessiofisafetyiandiprovidesiintuitiveitraining,ibutilowersitrainingicostsiandidowntime.i
Virtualimodelsiofidifferentiequipmentilikeicranesiandiboomiliftsiareibeingicreatedibyi 
exploringiaugmentedireality.iWorkersishallibeicapableiofiusingiaugmentedirealityiheadsetsia
ndigadgetsitoipracticeioperatingiheavyimachineryiniaisafeiandivirtualisetting,ifurtheri 
enhancingitheirilearningiandidevelopment. 

Oneiofifiveiconstructioniworkersisufferedifromifataliinjuriesiini2017iinitheiUS.iThesei 
statisticsicanibeipotentiallyiloweredithroughiaugmentedirealityibyiallowingicontractorsiroom
forierroribeforeitheiactualiconstructioniworkistarts.iOneiprototypeidemonstratesithisibyi 
allowingiworkersitoiseeitheimachineryiandiexpectedienvironmentioverlaidionianemptyisite.i
Suchiapplicationiofiaugmentedirealityiwillihelpiteamsiprepareiandicheckiforsafetyihazardsibe
foreitheiofficialicommencementiofiwork.iJobisitesicanibeisurveyedibyitheiinspectorsilaterioni
byicomparingitheirealilifeistructureianditheifulliscaleidigitalimodel.iAnyidisparitiesihazardous
itoiworkerisafetyicanibeinotediinithisiway.i 

 

 

 

 

 

 

 

 

 

 

 

https://www.youtube.com/watch?v=i1fBiFSwoX4


12 
 

 

    CHAPTER 2                                                         

LITERATURE REVIEW 

 

2.1   Health and Safety  

We will be discussing some of the basic key terms briefly.  

2.1.1   Health  

“The protection of the bodies and mind of the people from illness resulting from any 

materials, processes and procedures used in the workplace” (Hughes and Ferrett, 2012). 

Injuries and accidents can be prevented in workplaces during various projects. Risk should be 

minimized by removing hazards so as there are least possibilities of accidents to occur. In this 

manner, productivity and performance of the workers could be enhanced up to many folds 

(Alli, 2008). 

2.1.2   Safety 

“The protection of people from physical injury. The borderline between health and safety is ill 

defined and the two words (health and safety) are normally used together to indicate concern 

for the physical and mental wellbeing of an individual” (Hughes and Ferrett, 2012). 

The safer the workplace, better would be the performance of the workers and engineers. All 

the safety concerns should be addressed effectively before the commencement of work and 

no negligence should be accepted in this regard.  

2.1.3   Accidents  

“An unplanned event which could result in mental or physical damage to people, property and 

environment or a loss of business opportunity” (Hughes and Ferrett, 2012). 

Accidents can badly affect the budget and timeline of any project. It disturbs the 

psychological health of workers which can affect their productivity. Thus, affecting the 

construction projects.  

 

2.2   Importance of Health and Safety in Construction Sector 

Safety managers are always trying to move towards a safer and zero-accident jobsite 

(Gheisari et al. 2012) but still onsite accident and injury is an occupation hazard of the 

Construction industry. According to the US bureau of labor statistics ((BLS) 2016) 

construction remains the occupation with the highest number of on-job casualties. 
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Rate of Injuries 

 

2.2.1   Current Statistics 

The number of casualties due to accident are also great According to the USBLS the 

construction industry has been identified as having the 3.6 per 10000 increase in the rate of 

fatal work injuries  

 

 

Workers involved in construction industry are liable to accidents that could lead to temporary 

or permanent disabilities and fatalities (Administration CPWR, 2018). According to United States 

department of labor following are major violations that occurred in 2018 which resulted in 

casualties on construction site 

 Fall protection, construction  

 Hazard communication standard, general industry  

 Scaffolding, general requirements, construction  

 Respiratory protection, general industry  
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 Control of hazardous energy (lockout/tag out), general industry  

 Ladders, construction  

 Powered industrial trucks, general industry (Fall Protection–Training Requirements) 

 Machinery and Machine Guarding, general requirements  

 Eye and Face Protection  

 

 

 

 

 

 

 

 

 

 

 

  

2.2.2   Labor laws to Ensure Safety 

According to Pakistan Occasional Act 2018, it addresses the labor policy 2010 of government 

of Pakistan which is stated as following: 

 

 Labor Laws relating to occupational safety and health will be consolidated and 

rationalized to avoid overlapping and inconsistencies.  

 Government shall enact suitable legislation to ensure health and safety of construction 

workers. 

 A Tripartite Council on Health and Safety be set-up to identify health and safety hazards 

for workers of all economic sectors and to make recommendations for safety measures 

on a continuous basis.  

 

2.2.3   Factors Compromising Health and Safety 

The academia has spent a lot of time to identify which factors cause problems to health and 

safety of workers. (Toole, 2002) identified it as follows: 

 

 Lack of proper training 
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 Safe equipment not provided 

 Unsafe site conditions 

 Poor attitude towards safety 

 Deficient enforcement of safety 

 Unsafe methods or sequencing 

 Not using safety equipment provided 

 Isolated or sudden events 

 

Out of these eight factors, five factors can be monitored by observation. Hence to improve 

safety for all working in the construction site, safety manager need a way to efficiently 

observe and correct practice or action that may compromise the safety of the people 

working at the jobsite. One major factor that jeopardizes the health and safety that when it 

comes to accident prevention management is tends to be reactive rather than proactive 

(Borhani, 2016). 

 

 
FACTORS AFFECTTING OCCUPATIONAL HEALTH AND SAFETY

factors 
comprimisng 

health and safety

insufficient 
training

poor work 
attitude

unsafe site 
condition

Breaking 
safety rules

uncontrollabn 
hazards

insufficient 
safety 

equipment



16 
 

2.3   Health and Safety in Construction Sector of Pakistan 

2.3.1   Safety Issues 

Althoughiconstructioniindustryistakeholders/ownersiiniPakistaniareigenerallyiawareiofithei 

priorityiofisafetyiasiwelliasiitsisignificanceitoitheiindustryibutilackioficommitment,icooperation,

expertiseiandifamiliarityiwithitoolsitoiimplementisafetyicultureionitheiriprojects.iFormalisafetyi

managementipracticesiareiinfrequentiamongistakeholders/ownersianditheiprojectsisufferifrom

iaccidentsiresultingiiniproductivityilosses,iprojectidelaysiandicostioverruns.iThereforeiiticanibei

concludedithatiowners/stakeholders/ownersiiniPakistaniconstructioniindustry,iowingitoilackiofi 

commitmentiasiwelliasilackiofisystematiciprocedures,idoinotihaveiadequateicapabilityiofi 

maintainingaisafeiproject.iTheiownersiareiconsidereditoibeitheikeyiinitiatorsiforiprojectisafety;i

withoutiownericommitmentitoisafety,icontractorsiareinotiwillingitoiacceptimajoriresponsibility

iforisafetyiandihenceitheirilackioficommitment.iAiculturaliandibehavioralishiftiisineedediinithei

stakeholderiperceptioniaboutisafetyimanagementiimplementationiandiimprovementioni 

projects.iTheimajoriobstaclesifacedibyicontractorsitoitheiimplementationiandiimprovementiofi

safetyi includesi–iinidecreasingiorderiofisignificancei–

absenceiofitheifollowing:iworkericooperationiandibehavior,ifamiliarityiandiexpertiseiwithi 

safetyimanagementitechniques,isafetyiawarenessiandiknowledge,iownericommitment,iandiai 

safetyiregulatoryiframework. (Ahmed, 2008) 

2.3.2   An Overview of Construction Industry in Pakistan 

At the present moment there is no governing authority for work-related health and safety 
management in Pakistan (for example OSHA in USA). (Ali, 2006). The present engineering body 
of Pakistan (PEC) has yet to set down safety laws and regulations, to be implemented by all the 
stakeholder’s in construction industry  
 
Here are some of the statistics related to the CI of Pakistan. 

 2.5% of GDP as per State Bank of Pakistan annual report published in 2010-11 is 
contributed by construction industry 

 6.29% of total workforce is from CI as per Federal board of Statistics, 2010. 

 on construction site injuries and diseases in construction industry are observed as 20 to 
25% of total industry. (Farooqui et al., 2008) 

 Safety Performance Index of CI of Pakistan is observed to be 0.52. It indicates lack of 
       standard safety management system (Khan, 2011). 

 
Governing Safety Laws in Pakistan 

 TheigoverningilawsiofiHealthiandiSafetyiofiworkersiiniPakistaniconstructioniindustryiare: 

 FactoriesiActi1934i(chapteri3) 

 GovernmentiofiPakistaniLaboriPolicyi(revisediini2010) 
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 HealthiandiSafetyiclausesiiniPECi‘sicontractidocuments: 

 Safety,iSecurityiandiProtectioniofitheiEnvironment 

 Clausei19.1iofiPart-Ii(GeneraliConditioniofiContract)iofiPEC 

 StandardiFormiofiBiddingiDocuments 

 Clausei19.3iofipart-IIi(ParticulariConditionsiofiContract)iofiPEC 

 StandardiFormiofiBiddingiDocumentsi(Khan,i2011). 

 

 

2.3.3   Causes of Accidents 

The main demand of client is high productivity and high work efficiency at minimum cost. 

Primary objective of contractors is cost and time reduction in order to maximize company’s 

profit margin. Risky conditions and minimum safety precaution followed by labors and workers 

on construction site lead to accidents. On many occasion, construction industries don’t pay any 

attention towards necessary safety measures, safety meetings and training programs for 

workers and staff in order to minimize incidents that can occur on construction site (Farooqui et 

al., 2008). 

Informal evaluations have indicated unsafe work environment on constructions site not only 

lead to dangerous accidents but also resulted in cost overruns, poor work efficiency, time 

extension and poor construction practices (Farooqui et al., 2008). Considering these outcomes 

rapid action should be taken by concerned authorities and construction industry towards 

construction safety by conducting safety seminars, onsite training and introducing new 

technology to detect hazards and arrange formal or informal safety education. Research 

(Choudhry et al., 2008b) demonstrated that constructors in the developing countries need to 

implement safety management systems to enhance their safety performance level. 
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Figure shows the available data from labor division of Pakistan about the industrial accidents 

in factories registered under Factories Act-1934. 

 

Following are some of the main causes of accidents which are observed during construction 

process. 

Slips, Trips and Low Falls 

Most common form of accident that usually occur on construction are trips and low falls. They 

may are minor accidents but they can lead towards dangerous injuries and ill health outcomes 

such as muscular strains and puncture wounds 

Falls from height 

Thisiisioneiofitheireasoniofimajorifataliaccidents.iTheseiusuallyioccuridueito: 

 Improperiscaffolding 

 Lackiofiedgeiprotection 

 Dangerousidemolitioniwork 

 Inadequateiuseiofiladdersi 

 Unprotectediopeningsiinibuildings 

Crush injuries 

Theseishowiupiiniunsafeiexcavationsioftenileaditoideadlyiaccidentsioriseriousiinjuries.They 

occuriwhenithereiisiinadequateisupportiforitrenchisides,iespeciallyiafterirainfalls, or when 



19 
 

vehiclesiareioperatingitooicloseitoitheiedge.iBuildingsiandiwallimayicollapseiwhen supporting 

structures are undermined. 

Being Struck by Falling Objects, Materials or Tools 

Thisiisiaipotentiallyideadlyioccurrence.iSuchifallingiobjectsicanibeidueito: 

 Theilackiofitoeiboardsioniscaffolding 

 Lackiofitoolibeltsiforiworkers 

 Badistorageiandistacking 

 Poorihousekeeping 

Electrocutions 

Thisicanibeidueitoicableistrikesioniburiediservicesioribyicontactiwithioverheadicables. 

 

2.4  Major Problems in Construction Sector of Pakistan 
 

2.4.1 Quality Issues 

Mostistakeholders/ownersifeelithatitotaliqualityimanagementimethodsi(TQM)iwouldinotibei 

workingiinitheiriorganizationsidueitoicurrentiorganizationaliandiindustryiculture.iHoweverithey

areiawareiofitheibenefitsiofiimplementingiTQMiinitheiriorganizationsitoisomeiextentiandifeel 

thatiitiwouldibeifavorableiifiiticanibeiimplemented.iMostiofithemithinkithatiTQMiisiaimethod 

foriimprovingicostiestimating,iwarrantyiclaimsiandiprojectieconomy.iTQMihasinotibeeni 

implementedibyianyiorganizationiasitheiriqualityipolicy.iMostiofitheiorganizationsipreferi 

periodicishort-rangeisolutionsiorimotivationaliprogramsiasicompareditoimoreiformalilong-

termiprograms.iManyiorganizationsibelongingitoitheiconstructioniindustryiareinotigivingianyi 

formalitrainingiqualityimanagementiworkshopsitoitheiriemployees. 

Theitopi5iobstaclesiinitheiimplementationiofiTQMiprogram,iasiindicatedibyitheirespondents,I 

are: 

1.iLackiofiexpertise/resourcesiiniTQM 

2.iRigidiattitudeiandibehavioriofiexecutiveimanagementitowardiquality 

3.iLackiofitop-managementicommitment/understanding 

4.iLackiofiemployeeicommitment/understanding 

5.iLackiofieducationianditrainingitoidriveitheiimprovementiprocess 

 

TheiconstructionifirmsiworkingiiniPakistaniareigenerallyineitheripreparedinoriwillingitoiputi 

TotaliQualityiManagementi(TQM)iasiaimanagementiphilosophyiwithinitheiriorganizationali 
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cultures.iMostiorganizationsiareiunenthusiasticiregardingiTQMiimplementationiandiarei 

unwillingitoiinvestiiniitiincludingibothitimeiandicapital.iOnlyifewiorganizationsiidentifiedithei 

procedureiforiTQMiimplementationithatishould,ithroughipersistence,iallowitheiPakistani 

constructioniindustryitoiadoptiTQMiphilosophyicomprehensively. 

Regulatoryiagenciesiworkiforitheiorganizationisafetyimanagementithroughoutitheiworldiasi 

OSHA-OccupationaliSafetyiandiHealthiAdministrationiiniUSA.iUnfortunatelyithereiisinoisuchi 

authorityiworkingiiniPakistan.iTheiprimaryiconstructioniregulatoryibodyiiniPakistaniisithei 

PakistaniEngineeringiCouncili(PEC)iwhichihasiyetitoilayidownisafetyilawsiandiregulationsithati 

willibeiadoptedibyitheistakeholders/ownersiiniorderitoiimplementisafetyipracticesithroughouti

theicountry.PECihasiratedieachicontractoriagainstiainumberioficomponentsibutistilliitidoesinoti

incorporateicontractorisafetyiperformance. 

Ifisafetyiperformanceiisiincorporatediasiaifactoriinicontractorirating,iitiwouldiencourageithei 

contractorsitoiadoptisafetyimanagementipracticesiinitheiricompanies.iConstructioni 

managementishouldibeiemphasizediatiallitimesinoimatterihowifastitheiconstructionineedsitoi 

beicompletediandiunderiwhatibudgeticonstraints.iTheicontractorsishouldiintegratei 

managementitrainingiprogramsiwithiotheripracticesiaccordingitoitheiribudget.iTrainingicanibei

providediinimanyiways:ion-

siteitraining,imeetingsibeforeitheistartiofianyiwork;ilargeisizeicontractorsimayidevelopi 

separateitrainingidepartments.iContractorsishouldiencourageitheiriprojectimanagersitoi 

developidetailediprojectiplansiandischedulesiincorporatingirisk,isafetyiandiquality. 

2.4.2 Rework and Shortage of Skilled Labor 

Results based on a survey conducted for analyzing the risk factors in construction sector of 

Pakistan are shared which can be solved by augmented reality technology. All of these issues 

could not be discussed so only few of them have been selected for analysis. A questionnaire 

was sent out to point out the causes which were responsible for project delays and increased 

costs. The results were further classified on the basis of three critical factors. 
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Theithirdihighesticriticaliriskifactoriwhichihasiaffectediprojectidurationiiniainegativeiwayiwasi 

reworksidoneidueitoierror.iReworkiofianyiquantumiandikindidisturbsitheiprojectiiniainegativei

aspectinotionlyifinanciallyibutialsoiinitermsiofitime.iReworkialmostiincreasesitheidurationioni 

anyiactivityibyithreeitimesithereforeiisiaiveryicriticaliriskiandishallibeiavoidedionifirstiplaceitoi 

avoidisomeidelays. 

 

Theififthifactorionitheilistiofihighesticriticaliriskifactorsiwasishortageiofiskilledilabori 

resultingiinitimeioverrunsiaticonstructioniprojectsiiniPakistan.iSkilledilaboriisiofigreati

significanceiandiaiveryicriticaliresourceiinianyiprojectiasitheyicanidirectlyihamperithei

projectiperformanceiinitermsiofitime,iqualityiandicapital.iUnskilledilaboriwheniexecut

-ingianyiactivityishallialwaysitakeimoreitimeiforicompletioniofithatiparticulariwork. 

Moreover, additionalitimeiwillibeirequirediforiitsirectificationicausingimajoritimeilosses. 

 

Accordingitoitheisurveyiresults,ireworkidueitoierrori(RIIi0.804)iwasiratediasitheimosticriticali 

riskifactorithatidisturbsitheiprojecticostiiniPakistan.iReworkidueitoierroricanibeibecauseiofi 

variousireasonsithatimayibeidueitoiinexperienceiofitheilaboriorisiteioverseeingistaffiandicani 
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alsoibeidueitoimalfunctionioficonstructioniequipmentilikeishuttering,ibatchingiplantietc.i 

Reworkinotionlyidoublesitheimaterialiandilaboricostiofianyiactivityibutialsoiadditionali 

manpoweriisirequirediforiremovaliofitheidefectediworkithatifurtherinegativelyidentsithei 

projecticashiflow. (Asad Kamal, 2019) 

 

2.4.3   Poor Site Management and Poor Supervision 

 

TheithirdihighestirankedifactoricausingicostioverirunsiiniconstructioniindustryiofiPakistaniisi 

poorisiteimanagementi(RIIi0.749).iConstructioniprojectsihighlyidependiuponitheimanagements

mindiset,itheicompatibleitheihigheriauthoritiesitheimoreieasilyitheiprojectiobjectivesicanibei 

achieved.iSiteimanagementicanidirectlyiinfluenceitheiprojectiobjectivesiespeciallyiitsicostiasiall

departmentsiareidirectlyicontrolledibyitheimanagementithereforeiiticanihaveibothiadverseiand

positiveieffectionitheiconstructioniprojects. 

Poorisupervisioni(RIIi0.804)iwasirankediasitheimosticriticaliriskifactoriaffectingiadverselyitoithe

qualityioficonstructioniiniPakistan.iSupervisioniisiveryiimportantipartiofitheisiteistaffiandislighti

negligenceicaninotionlyicauseidamageitoitheiqualityiofiworkibutialsoihampersiotheriprojecti 

objectivesiincludingiprojecticost.iTherefore,itheiqualityiofisiteisupervisioniatianyiconstructioni 

siteiifiimprovedicanileaditoisuperioriqualityiofiwork (Asad Kamal, 2019). 

 

2.5  Augmented Reality for Health and Safety Improvement  
 

2.5.1   Working of Augmented Reality 

Augmented Reality basically superimposes virtual objects on the real environment. The core 

functional abilities of Augmented Reality are 

 Combine virtual and real graphics 

 Proper tracking system 

 Overlay virtual information over real information in real time 

There are four components of Augmented Reality 

 Camera 

 Tracking Device 

 Display Device 

 Mobile computing process 
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Camera 

The input of the real world is being given by the camera. The camera can either be mobile 

camera or some special camera for augmented reality. The camera detects any object through 

its lens and then the information is sent to be processed with virtual information. 

Tracking Device 

Tracking has been defined by Siltanen as the “heart ”of augmented reality systems: it calculates 

the position and orientation of the object (Siltanen, 2012). An accurate tracking, which locates 

the users and their movements in reference to their surroundings, is a crucial requirement for 

an augmented reality application. In augmented reality systems GPS (Global Positioning 

System) is used for tracking which is space base system to find location and time accurately. 

GPS sensors are used in wearable augmented reality systems. The GPS used in mobile phones 

are less accurate having an accuracy of about 10m. GPS sensors locate the position of device. 

These devices are also equipped with sensors that recognize the movement and orientation of 

device. 

 

Display Device 

 

Two ways for visualization are available. This super imposed model of real and virtual 

information can either be visualized through glasses in wearable augmented reality or 

through a handheld device such as smart phone or tablet. 3d visualization is also 

available now. 
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Mobile computing process 

It is the most complex component of augmented reality system. Information of real world is 

taken from camera which has no coordinate and only the position of camera through GPS is 

known. The information coming from camera must be first give coordinates. The camera is 

equipped with sensors through which the pitch and the distance of objects is measured. For 

this purpose, computing is required. In wearable augmented reality laptops are used for this 

purpose and in mobile augmented reality processor of smart phones are used. After real and 

virtual information having the same coordinate system is processed it becomes very easy to 

overlay both virtual and real information to create one visualization. Both information is 

aligned and oriented by processing devices to create visualization. This processed information 

is sent to display device for users to visualize. 

 

 

2.5.2 Augmented Reality in BIM 

Augmented reality is an upcoming technology which is setting its ground in construction 

industry as well. It will replace the traditional construction practices which will result in 

improved productivity and work efficiency on construction sites. Due to advantages such as 

automated access to work progress on construction site and jobsite condition detection by the 

help of powerful computing devices will ultimately improve quality of work, safety of workers, 

improved profitability and sustainability (Rankohi and Waugh, 2013). 

BIM modelling have exponentially improved the designing process of a structure. BIM 

modelling is used for 3D modelling of a structure indicating major components of a structure 

i.e. pipes, electrical wires, beams, columns etc. Information models are used to incorporate 

initial phases of project development. However most of the times, designs are displayed 

through 2D drawings or projection on portable displays. One of the main reason to use 

augmented reality is that it can incorporate information and situate it in time, place and 

context by combining computer generated information onto real world environment (Azuma et 

al. 2001), (Izkara et al. 2007).  

Construction industry can benefit from the augmented reality in inaccuracy reduction, better 

marketing, review of project, saving man hours and cost reduction. Mentioned are the tasks in 

which augmented reality in collaboration with BIM can help: layout, excavation, positioning, 

and inspection, coordination, supervision, commenting and strategizing. Through this 

collaboration we can higher efficiency, sustainability and productivity in order to create safe 

and sound work environment (Zhou, Luo and Yang, 2017). 
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The major problem in collaboration of augmented reality and BIM is implementation 

and forming a bridge between the two to run the things smoothly without any error. 

If this bridge is formed than it will revolutionize the construction industry and give 

them competitive advantage from others who don’t use augmented reality. 

 

2.5.3  Augmented Reality For Safety Improvement 

 

Almost thousands of workforce die annually during construction catastrophes. The main 

concerning issue are safety management programs and employee training are the issues which 

can be assisted by augmented reality technologies to provide the employees with an effective 

training and a safety management program can be implemented as well. Augmented reality 

technologies can be used significantly for training of construction workers to operate heavy 

machinery including cranes, excavators and assembling equipment. This technology can assist 

the project involved people to understand various project issues including complex designs and 

arrangements as well. (Chi et al, 2013), (Wang and Dunston, 2007). 

Wangietial.i(2013)idevelopediaiconceptualiframeworkiforiintegratingibuildingiinformationi 

modelingiwithiaugmentedirealityiforitheisafetyimanagementisystemiinitheiconstructioni 

industry.iSoiaugmentedirealityitechnologiesiareitheinewiapproachiforitheimoderniconstruction

management,iparticularlyiinitheitrainingiandisafetyimanagementisystem.iOneiofithei 

increasinglyiimportantiapplicationiareasiofiaugmentedirealityiisiinitrainingiandieducation,I 

whereisimulatediscenariosicanibeiuseditoiillustrateiconceptsiandiprovideiexercisesithatiallowi 

theilearneritoitrainiiniairealisticienvironment.iCompareditoitheirealiexercise,iaugmentedireality

couldisignificantlyireduceicostsiandihazards. 

Augmentedirealityiprovidesiunlimitedivariabilityiinitrainingielementsiwhichigivesigreateri 

flexibilityiwithiminoriadditionalicost.iAniexampleiofiaisafetyiadvantageiisitheiavoidanceiofianyi

personneliinjuriesifromimaterialsiaccidentallyifallingiwhileibeingiraisedibyimaterialihandleritoi 

anielevatediscaffoldiplatform.iAlso,iuseiofiaugmentedirealityicanieliminateiadverseieffectsi 

associatediwithienvironmentaliconcernsisuchiasinoise,idust,ietc.iTheseialliadvantagesiaddiupi 

toiincreasedioperationaliperformance,iimprovedisafetyiknowledgeiandipracticesiandiincreasedi

popularityiofiaugmentedirealityiinidigitaliworldiandisafeiconstruction. 

Following are also some of the uses of Augmented Reality which can be beneficial in the field 

 

On site clash detection 

Because of that people onsite have less knowledge what they would get beneath the road, 

that’s why during the road construction and excavation, utility lines get damaged. Due to this 

reason the cost of product may increase resulting in cost overrun and time overrun. Using 
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augmented reality, such clashes can be easily avoided by just pointing the camera towards the 

ground and seeing all the pipelines and service lines running beneath it. It can be seen how 

deep they are located, and excavation can be planned. If augmented reality is used clashes 

can be identified early and design can also be changed according to that. 

 

Identification of Hazards 

One of the key concerns now a day in projects is safety. Severe injuries to workers are caused 

by many unknown hazards present on site. Such hazards can be detected using augmented 

reality. For example, there is an underground electric cable running underground and there is 

excavation going on near it. That electric cable is hazard to workers that we are unaware of it 

can cause electrocution. By application of augmented reality, cable as hazard can be easily 

identified and some measure can be taken eliminate this hazard. (Webster and Feiner, 1996) 
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Early Identification of problems 

Problems such as clashes, design problems, hazards etc. can be identified by augmented reality 

in the very early stage of project hence it will minimize the effect of these problems. 

 

 
 

2.5.4 Economics of Augmented Reality 
 

Globallyiconstructionisectoriemploysi7%iofiworldsiworkingiageipopulation.iEveryiyeari10i 

trillionidollarsiisispentioniconstructionigoodsiandiservices.iForivariousireasons,ipoori 

productivityiiniconstructioniisiaicostlyiandidifficultichallengeitoiaddressiwhichiresultsiinipoori 

economicigrowthioficonstructioniindustry.iAugmentedirealityi(AR)itechnologyicaniimprovei 

communication,ireduceicosts,iandiidentifyiproblemsiiniadvance.i 

ThoughtileadersiandiresearchersihaveipredictedithatiVRiandiARitechnologyiapplicationsiinithei

constructioniindustryicouldiboostiproductivity,iaddingianiestimatedi$1.6itrillioniinivalue.iIfi 

constructioniindustryigrowthimatchesigrowthiofiglobalieconomyithaniglobalieconomyiwouldi 

growibyiadditionali2%. 
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2.5.5 Limitations of Augmented Reality  
 
 

 Training required to operate augmented reality.  

 Limited running time due to limited power of computing device 

 Privacy and security of data 

 Limited memory of smartphones and gadgets 
 

2.6   Additional Applications of Augmented Reality 

 

Augmented Reality is also very useful for quality improvement. It can detect the 

defects in the construction materials and thus improves the quality of the work. It also 

can help in schedule and project progress tracking and also reducing the time to 

complete a project. 

 

Quality and Defect Management 

Qualityimanagementiandidefecticontroliareiimportantipartsioficonstructionimanagement.i 

Manyicompletediprojectsithatiareiacceptedibyitheiclientiareidefectediorifailitoimeetithei 

desirediqualityiandithusiariseidisputes.iAugmentedirealityiplaysiaiveryiimportantiroleiiniglobali

constructionitoibringitheiautomationiinitheiqualityiandidefectimanagementisystem.iSomei 

defectsithatiareiprobablyinotinoticediinitheiinspectioniprocessiareidetectedibyitheiaugmentedi

realityitechnologiesiandisaveitimeitoidoisoiandithusihelpiiniconstructionimanagementiprocess.
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Parkietiali(2013)inotedithatiificoreicontrolitimeipointsiandimeasuresiforiworksiwereirealizediby

theimanagersiandicheckediproactivelyithroughitheidefectielementiontology,ithenitheiworker’si

performanceicanibeiautomaticallyicheckediatitheiappropriateitimeiwithiBIM andiAR 

appliediinspectioniequipmentiwithoutivisitingitheiworkplace. 

Theistudyi(Kwonietial.i2014)iconcludedithroughitheiuseiofiaugmentedirealityitechnologiesithei

currentimanual-

basedidefectimanagementicanibeienhancedithusireduceisiteimanagers’iworkloadsiandiprevent

constructioniworkidefectsiproactivelyibyiutilizingiBIMiandiaugmentedirealityitechnologies.iAni 

effectiveidefectilessifacilitiesimanagementisystemiisidevelopediforitheiconstructioniprojectiinia

moderniautomatediwayithatifacilitatesiusersiatiaimoreisatisfactoryilevelithanianyitimeibeforei 

(Kochietial.i2014).iAugmentedirealityiisialsoimentionediasiaiveryihelpfuliqualityiandidefectsi 

managementitechnologyiforion-siteiconstructioniproject (Kim et al., 2013). 

 
 
Scheduling and Project Progress Tracking 

 

Augmentedirealityihasienhanceditheischedulingiaspectiofitheiconstructioniprojectisignificantly;

itiisiableitoishowianias-plannedivs.ianias 

builtiformitoiallowivisualizationiofiprogress.iWangietial.i(2014a)ishowediinitheiristudyithatiasi 

compareditoianyiotheriexistingitools,iaugmentedirealityicouldibeiusediasiaischedulingitoolitoi 

understandianditoimakeisomeoneiunderstandiwithoutianyidoubts.iHuiietial.i(2017)ishowediini 

theiriresearchithatiforitheisafetyitaskischedulingiiniaiconstructioniproject,iaugmentedirealityi 

couldialsoibeieffectivelyiused. 

Mežaietial.i(2015)istatediinitheiristudyithatiforimonitoringianditrackingitheiconstructioni 
project,iasicompareditoianyiotheri3DimodelsioriGanttichart,iaugmentedirealityionimobileiori 
tabletiPCiisitheibestioption.iWangietial.i(Parkietial.i2013)inotedithatiaugmentedirealityicanibei
usediforiconstructioniprojectiprogressitrackingiasiaiwayitoicompareitheischeduleitoitheiactuali
progressiofitheiproject.iAugmentedirealityitechnologiesicanibeiusediforiaivisualicomparisoni 
betweenitheiplannedifacilitiesiversusias-
builtifacilities.iGoliparvaretial.i(2009),iOmariNehdii(2016),iZhouietial.i(2008)iandiTurkanietial.i 
(2012)ialsoishowedithatiiniconstructioniprogressitrackingiandischeduling,iaugmentedirealityiisi
goingitoibeioneiofitheimostiusedifunctionsiiniadvancediconstructioniprojectimanagement. 
 
Time and Cost Management 

Timeiandicostiareitheimajoriissuesiofitheiconstructioniprocess,iwithoutiaidoubt.iAlli 

constructioniprojectimanagementiisitoireduceitheicompletionitimeiandisaveitheiconstructioni 

costs.iToiincreaseitheieffectivenessioficonstructionimanagement,itechnologicalichangingitakei 

placeiinidifferentiformiwithitheichangingiinitime.iARibasediapplicationsiareiusediini 

constructionimanagementiforicontrollingiandimonitoringitheitimeiandicostiissues.iBecauseiofi
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misinterpretationiofiplansioridrawingsioritheiinformationiisitransferrediimpreciselyifromithei 

planitoitheirealiobjectiabouti9itoi13%itimeiandi14itoi19%imoneyiareiwastedii(Kumaranietial.,i 

2007). 

Theiaugmentedirealityitechnologiesiresolveiissuesiincludingilackiofimanpoweriinsideithei 

managementiandicostiefficienciesiwithinitheiconstructioniprojecti(Behzadi,i2016).iAugmentedi 

RealityiTechnologiesiareialsoiusediforidataiacquisitioniofitheiconstructionisiteiwhichisavesi 

time,ireducesitheilaborihoursi(Fardietial.,i2009).iTheiaugmentedirealityitechnologiesisaveitimei

andicostiofitheiconstructioniprojectibyireducingitheidefectsiandireworkiofithei 

constructioniprojectithroughiuseiofiaugmentedirealityimobileicomputingitechnologies (Kim et 

al. 2013). 

Augmented reality will improve construction process in following ways: 
 
Eliminating Guess Work 

Any missing information has to be assumed in traditional 2D approach as information is limited 

or guess work is applied such guess work and assumption can be avoided through augmented 

reality because 3D model contains a lot more information as compared to 2D drawings. 

 
 

Less Disputes among Stakeholders 

As a lot of problems in the design, utilities etc. are identified by augmented reality early in the 

construction process so it reduces the cost overruns and thus the disputes among the 

stakeholders are also less. The project can thus be executed in a smoother way. 
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Better Collaboration 

Completion of project in time and in spending plan relies upon the joint effort and 

correspondence between stake holders. The correspondence and joint effort between client, 

consultant and designer can be improved by augmented reality. A flash snaps or video can be 

made of any ambiguity in design of structure and sent to the client for additional data or 

explanation. Here and there individuals working in field don't get change orders in time and 

they are dealing with old drawings this correspondence hole can be dispensed with by utilizing 

augmented reality. 
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CHAPTER 3                                             

RESEARCH METHODOLOGY 

 

3.1 Project Scope 

With the advancement of technology, the team decided to work on 

revolutionizing the construction sector. In this regard, research was 

narrowed down to Augmented Reality in the construction sector of 

Pakistan and the challenges which were to be faced by someone who 

wishes to introduce and implement Augmented Reality in the 

construction sector of Pakistan.  

3.2 Timeline 

A timeline was set by keeping in view the nature and complexity of the 

project. The schedule was strictly followed so as to ensure timely 

progress and smooth work flow of the project.  

3.3 Literature Review 

In the initial stages of the project, published research papers of renowned scholars and thesis of 

NICE alumni were studied thoroughly. The aim was to go through all the work done on 

implementing technology in construction sector and the challenges faced to adapt these 

advanced methods. Afterwards, research was narrowed down to a regional level and 

particularly, Pakistan.   

3.4 Development of Survey Questionnaire  

A questionnaire was developed to analyze the main barriers faced by the contractors and 

consultants in the adaptation and implementation of a new technology in the country. 

Questionnaire was made on google forms and the information was collected. The questions 

asked were finalized after thorough research work so that no factor is left behind. An 

awareness page was also incorporated in the form to get an overview of Augmented Reality 

and how it can help in the construction sector improve efficiency, productivity, health and 

safety. The link to google form is https://forms.gle/VUCA3w1tGisGx8QU7 .  

https://forms.gle/VUCA3w1tGisGx8QU7
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3.5 Reaching Out to Contractors and Consultants 

After the development of the questionnaire, next task was to collect data through different 

consultants and the contractors. The plan was to collect information about the different 

contractors and consultant in Islamabad and its nearby areas. After this it was planned to go 

personally to them and if they have no information regarding the technology of the Augmented 

Reality, then brief them about the Augmented Reality. In this way it was planned that the 

questionnaires would be filled. 

The above mentioned plan could not be implemented because of the worldwide pandemic, 

Covid-19, which affected the whole world and there was a situation of lockdown. Due to the 

lockdown it was not possible to go to the contractors and consultants personally. Therefore, it 

was then decided to email the questionnaire to contractors and consultants. The email of 

different contractors and consultants were obtained from the website of PEC. 

The response to the emails was not as good as hoped. About 2500 emails were sent to different 

consultants and contractors. In response to the emails sent, 112 responses were collected. 

Through these responses, the frequency analysis was done on the data collected and 

furthermore the results and conclusion was obtained. 

3.6 Frequency Analysis 

Frequency analysis is a descriptive statistical method that shows the number of occurrences of 

each response chosen by the respondents. Frequency analysis can be used to analyze different 

factors in a questionnaire separately. Frequency analysis gives us the frequency of different 

answers given by the respondents. It can also be used to find the mean, median and mode of 

the data. By using this data results and conclusions can be made. 

The software that was used for the frequency analysis was SPSS (Statistical Package for the 

Social Sciences) which is a software for statistical analysis. First different variables i.e. factors 

were defined in the software. After that data was entered in the software and frequency 

analysis was done for the factor. The mean, mode and standard deviation of the data were also 

calculated. The results are given below: 
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Statistics 

 Will AR Help 

improve Health 

and Safety Issues 

Willing to use AR 

for Safety 

Willing to invest 

in AR 

Are you satisfied 

with 2D Drawings 

Are you Familiar 

with Smart 

Technology 

N 

Valid 112 112 112 112 112 

Missing 0 0 0 0 0 

Mean 3.9464 3.8929 3.6875 3.3571 4.1429 

Mode 4.00 4.00 4.00 4.00 4.00 

Std. Deviation .84725 .72729 .97751 1.00321 .78105 

 

Statistics 

 Are you reluctant 

towards AR 

Are you willing to 

shift from 2D 

Drawings to 3D 

Drawings 

Are you willing to 

get expertise in AR 

Will cost affect 

your decision 

regarding AR 

Will complexity 

affect your 

decision regarding 

AR 

N 

Valid 112 112 112 112 112 

Missing 0 0 0 0 0 

Mean 2.8571 4.0089 4.0536 3.7054 3.4732 

Mode 2.00 4.00 4.00 4.00 4.00 

Std. Deviation 1.12191 .85420 .82571 .85570 .92959 
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Statistics 

 Will lack of expert 

users affect your 

decision regarding 

AR 

Will Public 

unawareness 

affect your 

decision regarding 

AR 

Will less AR 

models and AR 

gadgets affect 

your decision 

regarding AR 

Will no previous 

use of AR in 

Pakistan affect 

your decision 

Will AR surpass 

traditional 

practices 

N 

Valid 112 112 112 112 112 

Missing 0 0 0 0 0 

Mean 3.6250 3.6696 3.6339 3.0625 3.5714 

Mode 4.00 4.00 4.00 2.00 4.00 

Std. Deviation .91164 .94334 .96791 1.16465 1.05450 

 

The results of the frequency analysis is also given: 

 

Willing to use AR for Safety 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 2 1.8 1.8 1.8 

Disagree 1 .9 .9 2.7 

Neutral 21 18.8 18.8 21.4 

Agree 71 63.4 63.4 84.8 

Strongly Agree 17 15.2 15.2 100.0 
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Total 112 100.0 100.0  

 

 

When asked about willingness to invest in Augmented Reality 59 out of 112 respondents 

agreed that they are willing invest in Augmented Reality. 

                                                    Are you willing to get expertise in AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 3 2.7 2.7 2.7 

Disagree 2 1.8 1.8 4.5 

Neutral 11 9.8 9.8 14.3 

Agree 66 58.9 58.9 73.2 

Strongly Agree 30 26.8 26.8 100.0 

Total 112 100.0 100.0  

 

When asked about willingness to get expertise in Augmented Reality 66 out of 112 respondents 

agreed that they are willing to get expertise in Augmented Reality. 

 

When asked about willingness to use Augmented Reality for Safety 71 out of 

112 respondents agreed that they are willing to use Augmented Reality for 

safety. 

Willing to invest in AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 5 4.5 4.5 4.5 

Disagree 8 7.1 7.1 11.6 

Neutral 22 19.6 19.6 31.3 

Agree 59 52.7 52.7 83.9 

Strongly Agree 18 16.1 16.1 100.0 

Total 112 100.0 100.0  
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When asked will cost affect their decision regarding Augmented Reality 61 

out of 112 respondents agreed that cost will affect their decision regarding 

Augmented Reality. 

Will complexity affect your decision regarding AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 3 2.7 2.7 2.7 

Disagree 13 11.6 11.6 14.3 

Neutral 36 32.1 32.1 46.4 

Agree 48 42.9 42.9 89.3 

Strongly Agree 12 10.7 10.7 100.0 

Total 112 100.0 100.0  

 

When asked will complexity affect their decision regarding Augmented Reality 48 out of 112 

respondents agreed that complexity will affect their decision regarding Augmented Reality. 

 

Will cost affect your decision regarding AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 2 1.8 1.8 1.8 

Disagree 8 7.1 7.1 8.9 

Neutral 26 23.2 23.2 32.1 

Agree 61 54.5 54.5 86.6 

Strongly Agree 15 13.4 13.4 100.0 

Total 112 100.0 100.0  
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Will lack of expert users affect your decision regarding AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 3 2.7 2.7 2.7 

Disagree 11 9.8 9.8 12.5 

Neutral 24 21.4 21.4 33.9 

Agree 61 54.5 54.5 88.4 

Strongly Agree 13 11.6 11.6 100.0 

Total 112 100.0 100.0  

 

When asked will lack of expert users affect their decision regarding Augmented Reality 61 out 

of 112 respondents agreed that lack of expert users will affect their decision regarding 

Augmented Reality. 

Will less AR models and AR gadgets affect your decision regarding AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 3 2.7 2.7 2.7 

Disagree 13 11.6 11.6 14.3 

Neutral 23 20.5 20.5 34.8 

Agree 56 50.0 50.0 84.8 

Strongly Agree 17 15.2 15.2 100.0 

Total 112 100.0 100.0  

 

When asked will less AR models and AR gadgets affect their decision regarding Augmented 

Reality 56 out of 112 respondents agreed that less AR models and AR gadgets will affect their 

decision regarding Augmented Reality. 
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Will Public unawareness affect your decision regarding AR 

 Frequency Percent Valid Percent Cumulative 

Percent 

Valid 

Strongly Disagree 2 1.8 1.8 1.8 

Disagree 14 12.5 12.5 14.3 

Neutral 20 17.9 17.9 32.1 

Agree 59 52.7 52.7 84.8 

Strongly Agree 17 15.2 15.2 100.0 

Total 112 100.0 100.0  

 

When asked will public unawareness affect their decision regarding Augmented Reality 59 out 

of 112 respondents agreed that public unawareness will affect their decision regarding 

Augmented Reality. 

3.7 Conceptual Framework  

This cyclic framework is developed for technology adoption for improved health and safety, 

quality improvement, improved productivity and work efficiency improvement in construction 

industry of Pakistan. The first step in adoption of any innovative technology such as augmented 

reality starts with public awareness. After becoming aware of pros and cons of innovation 

different stakeholders become willing to accept the existence of technology and adopt it for 

their benefit. Proper training and education of AR technology are required to create and 

increase the quantity of skilled labors. This will require an initial investment to make it 

practically applicable on construction site. As a result, AR technology will not only improve 

health and safety but also improve productivity and work efficiency which results in cost and 

time reduction. 
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3.8 Results and Conclusion  

After the frequency analysis was performed, results were deduced and presented as pie charts 

in the next section.  
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CHAPTER 4                                        

RESULTS AND DISCUSSION 

 

4.1  Results 
 

The questionnaire was online through google form. The questionnaire consisted of 15 questions 

which highlighted major barriers regarding implementation of augmented reality. Out of 112 

responses 60 percent respondents were having sound professional experience. Following are 

the major outcomes extracted from responses of expertise: 

 Almost 75% respondents (including agree and strongly agree) were willing to use 

augmented reality for the safety of employees and minimize accidents occurring on 

construction site 

 Around 70 % respondents agreed to invest in AR technology to boost up their 

construction practices and increase their work efficiency. Investment includes training 

of employees, development of model on BIM 360 software and AR headsets capable 

of using smartphones. 

 54% expertise including engineers agreed to the fact that complexity of AR technology 

would affect their decision regarding practical implementation.  

 68.2% organization were agreeing to the point that cost of training programs and 

gadgets in order to implement augmented reality will affect their decision 

 Around 66.4% respondents agree that they have lack of expertise and need proper 

training in order to implement AR technology 

 Around 68.9 % people agree that labor and other working staff who are unaware of AR 

technology creates a barrier and affect their decision regarding implementation 

 About 40 % organization expertise agrees that AR isn’t used previously and they have 

doubts regarding implementation on construction site 

 Regardless of the major barriers faced by construction industry regarding 

implementation of AR technology 87% respondents from well reputed organizations 

were willing to get expertise in AR technology. 
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4.2  Practical Implementation 

Before introducing any new technology, a survey is made that whether it would be acceptable 

for the market or not. If not, what are the possible reasons. Our research identifies those 

barriers. When these barriers are addressed, for example, if concerned personnel are made 

aware then the acceptance rate will increase and it will ultimately result in a new trend of using 

technology for health and safety. It will revolutionize the construction sector enabling it to 

meet world class safety measures, productivity, efficiency and quality standards. Pakistan’s 

construction sector would be able to get international certifications and form joint ventures 

with international clients as for example in CPEC. These barriers can be addressed either, by a 

government or a construction company and after that Augmented Reality technology can be 

implemented in the construction sector of Pakistan. 

The construction sector and concerned authorities are recommended to address these barriers 

either by giving incentives to contractors or by mass awareness. Entrepreneurs can be 

encouraged to provide low cost, simplified and easy to operate Augmented Reality- AR 

Gadgets. Government can implement strict policies for the construction industry to adhere to 

international safety laws. Such measures can help new technologies to emerge and sustain in 

the market.  

4.3 Limitations   

 This research was limited to a theoretical study due to unavailability of Augmented 

Reality gadgets. 

 The sample size was limited due to lack of responses from contractors and consultants 

over emails.  

 On ground survey could not be performed due to COVID-19, a global pandemic.  

 The limited number of technology adaption experts in the country that could help 

improve the framework. 
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CHAPTER 5                                        

CONCLUSION 
 

5.1  Conclusion 

The construction sector of Pakistan has been facing problems of quality management, workers 

safety, cost overruns and project delays because of its continuous reliance on traditional 

construction practices. The construction sector needs to be digitalized with a proactive 

approach to improve productivity, efficiency, health of workers and reduce the cost and time 

overruns. Our research was able to identify some of the barriers inhibiting the adoption and 

implementation of modern technology such as Augmented Reality for providing the ability to 

improve construction practices which would result not only in better productivity, health and 

efficiency of the workers but also help in reducing the cost and time of the construction 

projects.  

The top barriers in the adoption of Augmented Reality in the construction industry of Pakistan, 

in decreasing order of significance were cost, public unawareness, lack of expert users and 

complexity. If we are able to address these issues then construction sector of Pakistan can be 

revolutionized resulting in better safety of workers, reduced time and costs, increased 

efficiency and productivity. The future research on this topic would be able to use the 

framework developed during this particular research and modify it according to needs of the 

time to practically implement Augmented Reality on actual construction sites across the 

country.  
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