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ABSTRACT

ADOPTION OF BUILDING INFORMATION MODELING IN DEVELOPING COUNTRIES

A PHENOMENOLOGICAL PERSPECTIVE

Building Information Modeling (BIM) is a cutting edge technology that has addressed
prominent challenges in the Architecture, Engineering and Construction (A&fries in most
of the developed countries. Construction industries in developing countries duentibeitle
challenges and unavailability of the clear understanding of best praetieelthering whether to
adopt this technology. The scope of this study was how to facilitate BIM adoption in developing

countries.

A phenomenological design approach was considered to seek early adopteréMand B
professionals’ lived experiences on similar situations and how did they triumph over the

hindrances against BIM adoption and made its implementation successful.

A total of six participants with extensive BIM experience and first hand BIMcgtign
knowledge were interviewed. The result confirms BIM adoption issues sinesaiii both
developed and developing countries. Recommended best practices for new BINh dsers
categories of education requirement, infrastructure requirement, soundgs,zemd working with

partners with no previous BIM experience is represented in chapter five.

The study limitation was the inability to reach out BIM professionals in dewgjop
countries therefore, considering the gamties of BIM adoption issues, five of the participants
selected for this study were from the United States whereas one pattiggeselected from

developing countries. The study concludes with recommendation for further study/fielthi
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Chapter One: Introduction

Due to the contemporary sophistication in construction contracts, building design and the
resulting demand for the construction of quality infrastructure,ctivestructabilitychallenges
many construction companies face are very sophisticated and cannot be addressed and solved
easilywithout the help and application of technology. One technology that has emerged over the
last decade and a half is Building Information Modeling (BIM). This technologyehabled
designs to become more sophisticated as the technologies supporting BIM have evolved.
Currently the modeling industry in developed countries can support not only 3D models but the
construction management areas of scheduling, cost control, estimating, tsaifghg, and
sustainability. The focus of this study is to identify what issues/problems apdaoce when
adopting BIM in a developing country. Prior knowledge of potential issues/problenasbeotié
difference between successful adoption and a failure to adopt BIM in a timely aredfecsve

manner.

Benefitsof BIM Application

There were no significant chargya the building design methods observed until the mid
nineteenth century and engineamsre used to describe their design by traditional methods (pen,
paper, and ruler) (Yan & Damian, 2008). With the advances in technology, building reatedal
mathematics, the design process within the construction industry expdrieancgbust and
dramatic changeBIM has been hidlghted by theArchitecture, Engineering, and Construction
(AEC) industry as a powerful design and managementthathas significant advantages over

the building life cycle, design and management (Yan & Damian, 2008).



BIM or 3D modelinghas resulteth an abrupt reshapg of the AEC industryin the areas
of technology and process. National Building Information Modeling standards (NBIMS)
committee inthe United States (USflefines BIM as a digital representation of physical and
functional characteristics of a facilifAzhar, Khalfan, & Magsood, 20)2Different people and
organizations have different definitions for BIM basedtemarticular useandthe various ways
they work with BIM. Therefore, most of the benefits BIM offeaseincluded in its definitions.
The National Institute of Building Sciencesatesthat “Building InformationModeler BIM,
utilizes cutting edge digital technology to establish a computable representaiidh® physical
and functional characteristics of a facility and its related projeetiitde information, and it is
intended to be a repository of information for the facility owner/operator to use andaimaint
throughout the lifecycle of a facility” (Abbasnejad & Moud, 2@). Another definition of BIM
proposed by Vahederveens: “A model of information about a building that comprises complete
and sufficient information to support all lifecycle processes and whicbeanterpreted directly
by computer applications. tomprises information about the building itself as well as its
components, and comprises information about properties such as function, shape, amaterial
processes for the building life cycle” (Abbasnejad & Moud, 2@@)sidering the business case
for adopting this technologyBIM has attracted researchers', professionals' and practitioners'
attentionwhile more cosbenefit information will further convince and motivate professionals to
adopt this new technology. Basedaaurvey conductday Yan & Damiann US andhe UK the
benefits of BIM were reported as, creativity, sustainability, improved guadtiuced human
resources, and reduced cost and {{2@©8) BIM is a shared knowledge resource for information
about a facility forming a reliable basis for decisioraking during its life cycle fromthe

conception to demolitiofAzhar et al., 2012 A basic premise of BIM igshe collaboration by



different $akeholders at different phases of the life cycle of a facility to insert, extzdate or

modify information in the BIM to support and reflect the roles of that stakeholder.

According toAzhar (2011) Adaption of BIM will benefit construction firms in thelli@wving

aspects but not limited to:

e Cost estimating: BIM software has the ability to perform quantity take off an
automatically adjust and accommodate any changes occurring throughalgistpn and
construction processes.

e Fabrication/shop drawings: Withe help of BIM, developing shop drawings are simple
for different systems of buildings.

e Construction sequencing: BIM will also help in sequencing and coordinatingatbnis,
materials order and delivery schedules for project components.

e Conflict andcollision detection: Sice all the models in BIM are created in proper scale in
a 3D space, the software has the ability to call out any conflicts betwédmdpand

utilities elements.

After gathering data on 32 major projects, Stanfdniversity’s Center for Integrated Facilities

Engineering reported the following benefits of BIM (Azhar, 2011).

¢ Diminishes changes up to 40% by early problem detection.
e Compared to traditional methods of estimation, BIM produces estimates within 3% of
accuracy.

e Reducegost estimation time by 80%



Almost all the benefits realized through the adoption of BIM in some way affdarhance the
overall control of the construction projedtere has beeextensive researatonductedon the

benefits BIM can offe(Figurel).

LONG-TERM BIM BENEFITS SHORT-TERM BIM BENEFITS

4 N N\
Reduced Conflicts

Better Understanding of

Fewer Claims/ Litigations
Reduced Construction Cost

Design Intent Among Team Members
Enhanced Project Quality
Decrease in Number of RFI's

Increased Profits

Reduced Project Duration

Marketing New Business

Better Construction Cost Predictability

- /. J

Figure 1: BIM benefits Source: Nanajkar, 2014 from McGraw Hill Construction, 2012

Design issues durinipe construction phase coutdsult indelays due to rdesign Based
on the work that is in place when a design issue is identified there could also be matqgle
items that may further delay the project while increasing cAsiditional studes show that the
impact ofa design error on the schedutey furtherdelaythe projectresuling in much larger
economic impastthanthereworkitself (Won, Lee, Dossick, & Messner, 2013B)case study on
returnon-nvestment (ROI) based daheuse of BIM in design validation and prevention of cost
involved with rework due to design errors found thabtal of 709 individual design errors were
recorded during the design validation of six medium and high raise buildirgi$/b@Von et al.,

2013D).

BIM is a toolandaprocessandassiss inthegeometric modeling of building performance
while promotingefficient managemerdf construction projects. According Bryde, Broquetas,
& Volm (2013)themost frequent benefits of BIMse resulted igost reduction, time saviagnd

more efficientcontrol throughout the project life cycle.



Adverse Effects of BIM on Construction Industries;

Although the BIM implementation and adoption processare accompanied with
challengeshindrances, anthteroperability issues relating to the program itsadfy fewnegative
impression®f BIM arereported in the@resentiterature.The majority of the studies and resgar
consensuallyevealbenefits an@nalogougncouragingutcomes through adoption of BIM within
the AEC industries. Althougimost of the studies and research merit industry transition to BIM,
there are stilhugmentation® be made in BIM programs aitd application processésompanies
need to either train their staff or hire new Bpvbfessionalgrior to transitioningoracticallyto
BIM to ensurethat critical projectsare not negatively impacted due to a lower lesfeBIM
expertise; an issue thebuld prove costlyBased ora study by BatchelgBatcheler, 2007)BIM
can cause hazard to the project team members as any changes to an olggd¢hrgamhout all
correlated elements and objects. Teasild result in many unintended changes throughout the
modelfrom thesingle intended change. To mitigate the impact of such occurrences, a just in time

Q&A procedure neesto be in place tadentify and respond to such unintended changes.

It appearghat BIM will temporarily continue withthe imposition of more challenges to the
companies thatdve not yet adopted this technolagyromthe owners anfdr project sponsors’
perspective, there is incréag demand for using BIM within thAEC industries. Therefore,
companies thatack BIM capacity will find themselvest a competitive disadvantage with
companies that havaready applied BIMo their projects and satisfiea requirement from the
owner/spasors perspective. These challenges will reach an end as BIM applicatioeratedif

and becomes pervasive throughout the AEC industries.



Construction Industries and the Overall Impact of BIM

Although construction firms in developed countries 2t relatedchallengestheywork
hard to resolve these issuesing internal or external resourcé&ome of the most common
challenges include: excessive change orders, poor scheduling, inaccurat¢esstatope gap,
poor building design, and unqualidiéabor forcq Caldas Kim, Haas, Goodrum, & Zhang, 2014)
Most of these challenges have been addressed thtbadgwveragingof technologyto identify
modern solutionsHowever, challenges in the construction field continuestolve due to
increased building design demands and new technoloBiesn a user’'s perspective these
challenges have supported #raergencend adoptiorof BIM in developed countries. Batcheler
(2007) usedase studiet® identifythebenefits realized from BIM adoption the US construction
indudry. The kenefits most frequently reported incluagkash detection, consistent and accurate
drawings set, early involvement of stakeholders and other projectneanbers coordinated
planning, design, and construction, generatioa mfefabricated moddbr accurateandrealistic
models, anextensively supporting lean construction technigBeserik & Rice,(2010) used a
survey andound that BIM was used in Architectural firms for design related functions such as
building design, visualization and building programming and massing studies. Costizs®or
BIM mostly for clash detection, visualization and generating as built isdgienefits of BIM also
encompass the direct fabrication and sustainability aspects of bui{@egsrikGerber & Rice,

2010).

Fortner et al(2008),documented the importance of BIM in the design and construdtion o
theNational Park Stadium project in Washington @thad ardefinitive completion milestone.
The construction team representative regmbthe main reason behind thprojects success was

the use of BIMThe use oBIM advanced representation of th@ject modelwhich resulted ina

6



shorter schedule and being lbadget With little room for delays and errors the number of RFIs
was reduced to 100 versug0Q0 to 10,000 for typical projects that used traditional project
management methodisistead of degning the foundations and concrete work fifstiowed by
steel standsthe stadium was built in circular style from one end to the other resulting in

construction scheduldat was six months shorter that that originalyicipated.

Based on the trends identified in the literatitrés evident that BIM promisg and
delivered, solutions for schedule and cost overruns including improved coordination and
communication processes construction projects. The result$ BIM adoption appar to be
similar in other developed countries. s&ries of studies undertaken in Canada, Germany and
Australia all show that the construction firmsnjoyed business advances by embraciud
adopting innovative technological approachés solve construatin related need¢Manley,
McFallan, & Kajewski, 2009)The benefits of construction technology hae¢ been limited to
the developed and industrialized countries throughout the history of construction inGfstry.
(1994) argues that the diffusion afonstruction technologyrdm industrialized countries to
developing countries has long been addressing prominent technological problems of wgvelopi

countries.

Developing countriesnthe other hand are sharing the same chronic challenges of project
delays and cost overruns as industrialized countries. However, to some extent, profound issues
have been addressed via adopting technologies from developed countries like Auto CAD,
scheduling software, and other design programs resulting in significanséimngs. Technology
transferfrom industrialized countries has focused addressing the lower level technological
development of the developing countr@gerthe last several decad@seorge Ofori, 1994 )or

example, shedulingsoftware disseminated from developed countries has helped developing
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countries construction industriegvelopmore reliable and efficient construction schedules and

control processes.

Although, technology adoption has helped developing cogrdtleviate the intensity of
challenges, theris still along lists of issues that need immediate attentiong etal (2004) found
that incompetent designers/contractors, poor estimation, change management, rmbcial a
technological issues, construction site issues, improper techniques and toolg tetdes of
construction problems in Vietnam and other developing countries. Also, inaccurede ti
estimating, excessive change orders, resource shortages (including eolisclenology),
organizational culture and kickbacks, inaccurate cost estimatmgroper planning and
schedulig, lack of involvement through project life, and impractical design are ranked
corsistentlyas high frequencgccurring problems in developing countriesonstruction industries

Long et.al (2004).

Won, Lee, Dossick, & Messner (2013b) looked atRiad bagd on use of BIM in design
validation and prevention of cost involved with rework due to design errors. They tivaina
total of 709 individual design errors were identified using BIM during the desigtatiah of six
medium and high raise buildingsKorea.Additional stuéesshow that the impact of design error
on the schedule delay resultsaimuch largemnegativeeconomic impact than rewo(kvon, Lee,
Dossick, & Messner, 2013aJherefore, it is important for developing countries to embrace
contemporary technologies like BIM enhance their capacity in order to respond to iskats
impact the overall building process success. If not addressss issuewill continueto hinder
the development processdeveloping countries’ construction industrs&sce other contempana

technology has naufficientaddressd efficiencyissues.



Since mos of the studies conductesliggestthat constructioncompaniesn developed
countriesare facing challengewhen embracingIM, companies in developing countries are
hesitant taconsider its adoptionVhile this may be the case in the past practice anlit¢hature
an understanding of the best practices of BIM adoptiay help temper the fear of BIM adoption
in developing countrie$n order to overcome these challenges, les$earned from early adopters
of BIM, and its preceding technologiesiay provide valuable lessons for those wishing to
introduce BIM in a developing countryhe aim of thisstudyis to identify challenges that early
adopters of BIM faced, how they ovame those challenges, and what lessons and best practices

could be applied by those in developing countries in BIM adoption.

Need for Studying the Adoption of BIM in Developing Countries

BIM is an emerging technology that has besnbraced andhighlighted by the AEC
industries in developed countristarting as early as 1992 (Eastman, Eastman, Teicholz, & Sacks,
2011).This studyexploresone overall BIM adoption question ahd initial subquestims. During
the analysis of the data the initial 10 sylestions were consolidated irtanew BIM adoption
sub-questionto better fit the datd he overall research question was, are there similarities in BIM
adoption issues in developed and developingntrtes that have/are trying to adopt BIM? If so,
what lessons can be learned for those wishing to adopt BIM for the first time iromgiagel
countries? The founew subguestions support the answer to the main research question. First,
why was BIM adoptedn developed countries? Second, what problems were encountered by
industries in developed countries during the adoption process of BIM since its inceptiod,? Th
what developing countries have adopted, or are currently trying to adopt BIM anddeipidn
issues did they face? Finally, are the adoption issues the same today fopidgvebuntries that

have adopted BIM as they were for developedntries when they adopted BIM?
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An in-depth literature reviewsuggests thaBIM emerged asupportingtechmology was
developed and was used to address the growing and complex challemgedeon day AEC
industries that could not be handled with traditional technologies. The most corhall@mges
throughoutthe adoption and implementatioof BIM in developedcountries according to the
existing literatureappearedo be technology, people and procesSessequentiytiappears that
some of the construction firms in developicguntries thatreworking toimplement BIM are
sharing similar challengesven thoughmost developing countries’ construction industries are

using traditional technologies disseminated from developed countries.

Therefore, it is important tmentify similarities of issues regarding the adoption of BIM
in both developed and developing countraes] learrirom BIM professionals with first hand BIM
implementation experienc&he lessons learned from early adopterdeveloped countriamay
provide enough encouragement to support the successful adoption of BIM in developtngsoun

construction industries.

A Review of BIM Implementation Benefits and Challenges

According toKumar & Mukherjee(2009) contemporarilybuildings aremore comple
than ever beforand require more resources to operate them. However, the complexity of these
buildings resulted in morerrors in design and constructiatuethe manual and none intelligent
relationship between lines and texts in software other thantBdlbv&re stillused.As previously
mentionedthe main difference between CAD and BIM is that CAD system produces 2D
documentatiormade up otomponentghat are not interrelated and intellige®@IM creates an
interactive form containing its own properties, dimensions and other charag@risgral to the

specific component. BIM links all the component related data where CAD does not.

10



Researchby theConstruction Industry Institute in 2004, noted ttheg U.S construction
industrywasted almos$75 billion of direct cost due to rework; about 5% of total installed costs
(Hwang, Thomas, Haa&, Caldas, 2002 Sucha waste of money and timaspired developed

countries to focus on a more robust technology that can respond to such issues.

According to Yan & Damian (2008) BIM primarily emerged to satisfy the design
automation needBy building amodelthat represerg the atual elemets and components of a
building. The design automation achieved by udBilyl also increases the accuracy of related
areas likeestimaing, schedule progress and tracking, green building ratystem compliange
energy performance, safety plans, and developing reliable badelirmntrol. BIMis also used
for clash detection in early design stages and sasggiicantamount oftime in error omission
and drawing updates. According to Khosrowshahi & Araffil2)surveyrespondentfrom the
UK construction industry specified some of the issues BIM can addisding reducngerror,
rework and waste, improved sustainable design and construictiprgvedrisk management,
more reliable facility and asset management, better coordination of di@mges to the design
Love & Smith(2003) usea questionnaire ask100 AEC practitioneyand academics in UK and
US what the benefits of BIM werél'hey found many of the same itemsiaghe previously
mentioned studyincreasectreativity, reduce time, and costimproved quality, andmproved
sustainability. Since its emergence, through continuous studies and efforts, BIM has been
highlighted by AEC industry as a solution to the pattern of problems and issues lopddve

countries’ construction industries.

Although theadoption of BIM is accompanied with quick payback, Love and Smith (2003)
identified a few of the early drawbacks to adoption in the UK and US: A resistanoew

technology people refuse to learn, copyrigssuesand training costs, anal waste of human

11



resource and timen that studyp2% respondents from UK and 78% respondents from US reported
that BIM will become widely used and popular in the future considering the potentias.it
Khosrowshahi & Arayic(2012)identified the perceived barriers to BIM adoption nine years after
Love & Smith’s study. They found that these of BIM in UK construction compés were

inhibited by:

1. Firms are not familiar with BIM use,

2. Firms are reluctant to initiate staff training and revised work flow,

3. Benefits realized from BIM do not overshadow its implementation costs,
4. Benefits are not tangible to warrant its use,

5. BIM is more risky to warrant its use,

6. Organization culture change,

7. Lack of demand for use of BIM.

Most of these barriersuggest dack of business benefit and risk reduction from the adoption of

BIM. It is not very obvious as to what extent these pemmeptieflect reality.

When one looks at construction projects in developmgntriesthat still use traditional
technologythey find that projects in those countries asgperiencing challenges within their
construction industries. One studhowsthat construction projects that have not exploited
technology are encounterinmgerruptiondgn data flow throughout the project life cycle in Pakistan

(Masood, Kharal, & Nasir, 2014).

In a study oBIM adoption in IndiaYan & Damian(2008),identified astrong acceptance
potentialfor BIM. BIM, with its limited use in construction companiesndiareveals its potential

in communicating and integrating information across the different tradesngsalsmoother and

12



efficient work processes and better decisions. The efficienBy\Mfin comparison to Auto CAD

in Indian industry iglepictedin the Table1 (Yan & Damian, 2008).

Table 1. Efficiency difference between CAD and BBburcg Kumar & Mukherjee, 2009)

The Efficiency Difference Between CAD and BIM Applications for ParticRlanject in
Different Phases

Task CAD (Hours) BIM (Hours) Hours Saved Time Savings
Schematic 190 90 100 53%
Design Development 436 220 216 50%
Construction Documents 1023 815 208 20%
Checking and Coordinatior 175 16 159 91%
Totals 1824 1141 683

Althoughtechnology adoptionan facanany sources akesistancéhe improvements made from
adopting the new technology are typically worth the efforts. Accordik@gter, Sacks, Kassian,

& Quitt,(2008) formal BIM training of the personal on a project resulted in elevating the
productivity by more 600%. The study concludes that BIM unequivocally improves the qfiality
precast engineering designs and fabrications and erections are error freeastittalty lesser

efforts required for checking drawings.

Discussion and Need for Adoption of BIM in Developing Countries

The emergence of BIM has significantly enhanced the overall construction prattloes o
companies that have adopted BIM in industrialized countries while the baofieBM
implementation are still persistently inhibiting the adoption proddesUSis the leading country
in adopting BIM followed by UK although neither of these countAB€ industrieshavefully
adopted BIM. Although developed countries have been focusing on a holistic approach in order to
have BIM fully adpted, there are still many tveers that hinder the adoption process. The barriers

and challenge® BIM adoption in industrialized countries are, organizalaultural resistance

13



to change, lack of knowledge about BIM benefits, software and training ndsbeaefits to the
manycompanies are not tangible enough to warrant its use. In order to attédrpssblems and
issues being experienced, industries need to embrace new technologies to adslists¥y per
problems(George Ofori,1994).To explore the potentials and reasons why BIM was adopted in
developed countriesaetailed literature review will be conducted to explhree full picture of its

application andbarriersagainstadoption.

The trend of construction shared problems within the developing country’s construction
industry may be a good indicator of a vital need for innovation in developing cauntrie
construction industries. According kbanley et al(2009)unanimity is on the riseegarding how
theinnovation processes contribute to improved business outcomes for construction. Construction
industries in develming countries need to pay attention to almost all aspects of their current
construction practicds increase efficiency. Technological chargmerited as a key contributing
factorin the developmendf economies. In industrialized economies, many studies have shown
that more than 50% of long term economic growth stems from technological changeptbae

productivity (Kim, 1980).

Similar barriers are identified in developing countd¢sC industries includingsoftware
and training cost, organizations and owners not familiar with BIM, complaaiesechnicalBIM

expertise and owners do not requelseuse of BIM fortheir projects.

A further exploration of questions likehat issues did the construction companies in developed
countries face when adoptiBjM. What issues are impeding the adoption of BIM in developing
countries?, anvhat lessons can be leathby companies wanting to adopt BIM in developing

countries based on lessons learned from adoption of BIM in both developed and developing

14



countrieswill increase the understanding of why impedimengsfaced by developing countries

in BIM adoption Addressing these questions will provide sufficient feedback that could help
developing countriesnerit the application oBIM and become educated to take responsive
measures againshallenges towards adoption of BIM. Further literature reveasuing ths
chapter will provide enough understanding ofupdo-datestatus of BIM within both developing

and developed countries’ construction industries
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Chapter Two: Literature &iew

In order to effectively assess the potential issues/problems that may ingede
adoption ofpreseniday constructiomanagemertechnologies by the AEC industry in developing
countriesjt is essentiato understand the adoption history in countakesady experiencingIM
adoption In this chapter a detailed literature revievll ise conducted on why BIM was adopted,
what challenges BIM adoptioencountered what construction managemertechnology
developing countries ka adopted and what BIM adoption challenges are experienced so far and
finally an overview of thesimilarities of barriers and challenges against BIM adoption between

industrialized and developing countries.

Why Was BIM Adopted?

BIM emerged as a way to createvatual depiction ofa construction project prior to
the start oftheactual construction work in order to detect, simulate and anpbteetial problems
and factors of delagncounteredhroughout the construction phase of the projea, Xie,
Tivendal, & Liu, 2015) As BIM related software has progressed the initial useeki@ndednto
scheduling, cost control, safety, green certification, @pération and maintenance including

infrastructures such as bridges and stadiums.

In order tounderstandhe significance oBIM adoption in developd countries
construction industriest is necessary tone needs to understand the impact on economic growth
that can raglt from technology adoptiohhe US onstruction industry suppaioth local and the
national economy. The adoption of BIM to help construction managers increase prodhasvity

enticedpractitioners andesearchersto focus theirattentionto improvingand expanding BIM

16



into other management aredke benefits of this technology has in turn supported the wide spread

adoption of BIM in the US and UK construction industries.

Construction and Economy:

Entrepreneurshifs one of the main focuses of researchers and policy makers as they
view entrepreneurshigs acrucialpart of acountries' economic growth and development, driving
employment and innovation whereas all scholars consensually believe on diféxelst of
entrepreneurial activity across the count(i&snonMoya, RevuelteTaboaa, & Guerrero, 2014
In 2008, construction had the highest entrepreneurial rate among all industry groupJia t
followed by the services sectofFairlie, 2009. The development status of a country has an
intrinsic relationship with the role and size of construction industries (L8@@9a). Construction
brings major soci@conomic development through delivering productive infrastructure and
facilities (George Ofori, 2007)Ofori also states that construction as honest sector of the

ecanomy that makes up a significant portion of country’s national economy.

The positive impact of technology on the construction sector cabhdevedn SingaporeOfori
(1994)found that as a result of embracing new construction technology in the AEC ieslustr
Singapore’s construction industry experienced a seven fold increase between 1984 and 1992.
Technologcal potentials have always been a core element of economic success and welfare in

construction and other businesses (Archibugi & Coco, 2004).

Although construction has always been an active contributor in the nation’s economic
andsocialdevelopmentfurther technological suppowtill significantly enhance its potential for

offering easy solutions tihe complex problems.
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In view of the construction industry as a main contributorthie nations’ economy,
developing countriehave anurgent focus on innowi@n in all strata of their construction
industries.Lewis (2009b),found that construction has a great impact on the early stages of a
countries economic development, and as the economy imptbgespact of construction dhe
economyregressed ewisfurther notes that in developing countries construction accounts for 60%

of the total capital formation while this number falls withinZ®% in developed countries.

There is a close similarity in the results of several studies on the impact wticbos
on the economy in developing countries. While developed countries expeaienpsurge in
economic growth as a result of technabadimprovements and investment, developing countries
that do not improve technolmglly continue to experience negatieonomic impacts from these
decisions. The inability or unwillingness of a developing country to embrace technolagy c

have a direct impact on a coui$ construction costs.

Focusing on thevital role the construction industryplays on the economy itis
important to explore #contemporary construction technology that seems to have realized all the
benefits previous researches weadlingfor. The BIM concept appears thave met these criteria

and some aspects of BIM will be discussed in the following sections.

Useof BIM in Sustainable Construction Practices;

BIM has the ability to allow mukdisciplinary informatiorto be superimposed within
one modeland enhanaghe opportunity fothatinformation tobe incorporated early in the design
stageqAzhar, Brown, & Sattineni, 2010Azhar, et.alfurther sates that studiesierit BIM for
complex performance analysis to ensure optimized building designthendjeneradn of

documentations usdefor certifications such akEED. As such gstainability is a emerging
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concept with BIMand itsdisseminatn is rapidly being adopted in @ajority of countries.
Important decisions in sustainable practices are made early in the dagegasdBIM supports
sustainable design atiterequired documentations for green buildings. Limited research has been
conducted to support how BIM will affect sustainable construgti@ctices(Bynum, Issa, &
Olbina, 2012. Within this context, BIM will best fit in resolving majority of the energy
efficiency design problems (Azhar, Brown, & Farooqui, 20@8M is believed to be capable of
providing abetter transition fronthedesign tahe construction phase of the projeazhar(2011)
suggests thdhe use of BIMor building orientation, analyag building skin options, site location

and daylight studies, will augment the concept of sustainability in earlyndetsiges.

Bynum et.al conducted a survey to approximate the diffusion of BIM within B@& A
industries and its effects on enhancing sustainability concepts, the tesutdsthat 91% of
respondents agreed on BIM’s utilization in support of sustainable design and cams(Bistum
et al., 2012). The survey also concluded that BIM will be one of the vitalusetl for sustainable
design and construction in the future. Azhar €2alL0), conducte@O, emissiongesearch o
52,300 SH.EED GOLD certifiedbuilding one yeamfterits constructiorand found thathe BIM
model predictions for COemissions and the actual use data were very simitéowever, he

authors point out thie arefuture risks ad challenges in BIM application include:

1. Lack of interoperability between various BIM based applications.

2. No heartily welcome to BIM by mechanical design communities in BIM basedyener
analyses anthe use of non BIM based software

3. California energy commission hamt certified any BIM based energy analyses

applicatiors
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According to Laine, Hanninen, & Karold2007) although there are available
software’sfor accurate thermal simulation for building projects, they are not widtdiged by
practitionerdbecause thegequire arenamousamount of manual data inpWith BIM, the data
that is initially input into the model can be usegherformathermal analysis that ver&@sbuilding

thermal performancm various phases and processes.

Use of BIM in Built Environment:

A study comlucted byRICS (2014) concludedhat BIM hasthe potential for many
direct and indirect benefits to the built environment sector. The benefitsdenamproved
information sharing across the entire value chain, time and costs savingsyacthguality,
transparency and accountability in decision mgkincreased sustainability, and improved-end
user/customer satisfaction. BIM enhances the acadesmm of a project team beyond 3D (only
drawings) encompasag time, costand sustainability as four, fifth and sixth dimensions where

other dimensions involved within the projecealso considered.

BecerikGerber, Jazizadeh, Li, & Cali&011)found thaBIM is facilitating realtime
data access for facility managemeagrsonnel to ke effectivedecisionswhen they are
conducting preventivand predictivemaintenancectivities. This is important sce buildings
account forapproximately72% of electricity consumption, 38% of all carbon dioxidellution
and 39% of total energy consumpti(BecerikGerber et al., 2011BIM can be also basedto
run building operation scenarios in an effort to find the optimum performance requiisdrased

on external parameters.

Volk, Stengel, & Schultmanr{2014)performeda review of 180 recent publications

and found there was little literatuna theimplementation of BIM in the existinguilt environment
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due to issues such as (1) Higher level of effort required in ctimgéhe existing building data to

a BIM object, (2) Information update in BIM, (3) dealing with uncertain data andétetions in
existing buildings' BIM models. BIM isot only used industry wide in the built environment and
existing buildings, it has potential functionalities for facility management andnsleaotion

operations.

Other Benefits of BIM:

Kalinichuk (2015) revieweda studyconducted bystanford University's Centandidentified

the following savings through the use of B¥1Stanford

1. Elimination of unbudgeted changes up to 40%.

2. Most accurate cost estimation (up to d@eeuracy).

3. 80% time savings in cost estimates.

4. Up to 10% of the total contract value savings due to clash detection potentials.
5. Reduces project time approximately by 7%.

6. An upsurge in the field productivity rate by 20-30%.

7. RFIs and charge ordersduced by tenfold or greater.

According to Wu & lIssa(2013) dudies show that in North Americdhe BIM
adoption rate in the construction management industry has increased from 28% in 2007, 49% in
2009 to 71 % in 201 the construction industry. The same study quotes from NBS (2012:9), that
in theUK, construction professionals using BIM more than dadifftem 13% to 31%) in number
between 2010 and 201The hasty proliferation of BIM supports the Ri@dlthe construction
business through the use of BIM. Yan & Dami&008), noted thatBIM initially emerged to

satisfy the design automation neégyscreatinga model that representéte actual elements and
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components of a buildings. The design automation throughdahvalso be used to creatalding
estimates, schedule progress and tracking, green building rating, endogyprce, safety plans,

and developing reliable baseline for control. BAMohas the potential for clash detection in early
design stages that saves significant time in error omission and drawing ugtatgswshahi &
Arayici, (2012) surveyethe UK construction industry and found trsdme of the issues BIM can
addressanclude: reduing errors, decreasedework and wastamproved sustaindé design and
construction, improvedisk management, more reliable facility and asset management, better
coordination of clier®’ changes to the design atigeir effects, and many other benefits of
technology use within the construction managerfieltt. Therefore, technological advancement
has been one of the historigatooted concemof scholargTatum, 1988 BIM enticement and
utilization israpidly becoming pervasive as a vital requirement in construction business. Wu &
Issa,(2013)quotes Yori (2011yho warred the industryhat "Businessasusual” may eventually

turn into "no BIM, noBusiness".

What Problemsand Issues Were Encountered When Adopting BIM in Developed

Countries

Due to the doptionof BIM most of the companies in developed countries areein th
apex of their competence in the markédwever there are still barriers that hinder the application
and adoption process for the rest of tmmpanies in developed countriesccording to
Khosrowshahi & Arayici(2012) the barriers and challenges agaitist use of BIM in UK

construction companies include:

1. Firms are not familiar with BIM use,

2. Firms are reluctant to initiate staff training and revised work flow,
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3. Benefits realized from BIM do not overshadow its implementation costs,
4. Benefits are not tangible to warrant its use,

5. BIM is more risky to warrant its use,

6. Organization culture change,

7. Lack of demand for use of BIM.

The barriersobservedyeflect alack of understanding the potential business besefid risls
associated witlBIM adoption it is not very obvious as to what extent these perceptions reflect

reality.

A study conducted by McAuley, Hore, & Deen¢®013) found that thelrish
construction industris laggingbehindits international collagues in BIM application. The reason
behind this is lack of resources, lack of awareness, ignorance, and misunderstarttieg of
diversity of BIM uses. The study merits further investigation of the international construct
industry in regards to the adoption and application of BIM in order to understand if BIM can help
the Irish construction industrtackle its existing construction challengeBhe Irish construction
industry may follow the transition undertaken towards BIM adoption by the intnati
construction industes This will help Irish construction industry to migrate to BIM with less

challenges and disruption.

A surveyregarding BIM adoptiomy Khosrowshahi & Arayici{(2012)found that in
the UK, 60% of the respondents' were to receivefttiewing regarding BIMadoption a dear
understanding of BIM benefits and how theytweighedthe cost and other impeding factors,
required training and knowow transfer to their firm and staff, workshops to elevate their

knowledge about BIM, software and hardware recommendations, project driven support and
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implementation,group effort among the construction sth&klers,and how to populate the

databases and identify the investment risk involved with BIM adoption.

Based orKu & Taiebat (2011)a study inthe U.S identifies several barriers to BIM
adoption 1- Learning curve and tavailability of skilled personnel.-2.ess company investment
(cost). 3 Reluctance of the architects, engineers and subcontractdnexdstence of statards

and collaborative work process. IBteroperability. 6 Legal issues and contractual agreements.

Thomson & Miner(2006) arguethat designers are not necessajiyen additional
compensation for all the savings agifficienciesattributes toutilizing BIM technologywhich

lessens thenotivationfor designergo useBIM to itsfull potential.

What Technology Have Developing Countries Adopted and What BIM Adopting

Challenges Do they Face?

Ofori, (1994)argues that the diffusion ebnstruction technology from industrialized
countries to developing countries has long been addressipgominent technological problems
of developing countriesAccording to(Oyelaran-Oyeyinka & Lal, 2004) technologies such as
CAD/CAM andCNC machines are not dependent on online connectititgh is whyfirms in
Nigeria and Uganda have adopted these technold@fesi’'s studywas conducted in Nigeria,
Uganda and Indiasinga seni-structured questionnaire during 2002 and 2808 suggests that
small and medium enterpris¢€SMEs) have found learning by dointhe most effectivestyle of

technological knowledgacquisition

In order to signify the impact of technology like BIM oanstruction industries, it is

important to look into the importance of the construction industry in developing counsies, it
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contribution in overall economy and the existing gaps and challenges that quég n@ore

innovative solutions.

Construction Industriesin Developing Countries

When construction companies expand into developing countries the list of potential
issues may broaden to include things like socio economic stress, resource shortagenental
concerns, globalization, construction industry development, and organization ¢Gt@®ori,

2000) These challengesontinue to rigorous and intimidatirtg BIM adopters.The literature
suggests that the majority of problems relating tayelithin the construction industries seem
to be similar and persistent inany developingountries. Therefore, the construction industries
of Jordan, India, Malaysia, and Vietnavereselected to further explore the chronic challenges of

developing coutnies’ construction industries

Construction Industry in Jordan

The onstruction sector in Jordan is growiata fast pac€G. J. Sweis, Sweis, Al
Shboul, & AFDweik, 2015) (G. Sweis, Sweis, Hammad, & Shboul, 2068)nd that gnilar to
other developing countriethe construction industry plays the main role in Jordan's economy
leading to employment and wealth. Whikee construction industry contributes in the country’s
economic development, construction projects still experience dellaigh typically results in
unreasonable inflation of the original time and cost (G. Sweis et al., 200@)of the main causes
of construction delagwasidentifiedas thecontractor’s financial inabilityo fund the projecand
excessive change orders by the owners. A study on over 130 public projects incoodizsted
by Al-Momani, (2000) show that the origin of delays in construction projects can be traced to

poor design, increasen material quantities, change orders, site conditions, and economic
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conditions. AtMomani, (2000)lso identified similar findings in a study of construction @coj
delays in Saudi Arabia: preparation and approval of shop drawings, payment bydredsgign
changes and the slow decision making process of the owners. Studies suggeasthiiat f
investment and motivation towards the use of IT in the construsictor will increase the quality

of the project throughout all phases of the construction (G. J. Sweis et al., 2015)

Construction Industry in India

Thelndian construction industry has been one the fast growing imekistthe region
(Laskar & Murty, 2004)and account$or most of the major investments in India. Based on
Interiors (2015),the btal construction industry value Indiawas $126 billion as of 2013 with
total construction spending of $427 billion, the third highest in A$ize growth of the
construction industry in Indifrom 20002013 averagell percent of Indian GDRInteriors,
2015)According toLaskar & Murty,(2004)theconstructionmdustry is the second largest industry
of the country significantly supporting the overall economlile providing employment
opportunities.The wse of technology anthe deployment of project managent skills and
techniques has resulted time successful completion of mega scale projects in I{idaaker &
Murty, 2004) According toChatterje€2013) lased on thenternationacounterpartstooperation
with Minister of State for Housing, Mining & Industrg,technology progranhas recently been
launchedwithin the construction sector of Indian government. It is further statedhihatcent
technology launched is Building Information Modeling and this is supported by Békictures.
This will enable architects, engineers and MEP professionals work mariergfy (Swarup,

2007).

A study byVyas(2013)in India, concludes that the major elements impacting delays

include equipment issues, employees, decision making power, team work and coordinaaon, and
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lack of strategic planning. Delays caused by equipment included a shortage ghtheals for

the work, the use of classical tools as a result of organization culture, calibshequipment,
and installation problems. Delays caused by employees include a random apgreaghoyees

on how to execute the construction proceskck of discussion between teams, interpersonal
skills, decisionmaking power, weak feedback to the project teams, aftdquent change of

manpower.

Malaysian Construction Industry

There are different arguments by scholars whether construction igartamt driver
of the country's economy whereas, it surely contributes in providing necessarnyunfuas that
stimulates economy and national development (Olanrewaju & Adral 2015). AbdulRahman
et al (2006) agues thathe Malaysian construction industry vitally contributiesthe country’s
economyRahman et.durther introduces the causes of delay in construction projects as variations
and planning issug2006) As a result of a survey conducted, most of the participants believe that
owners are the main reason behind project delays and that they never cooperatakivith
decisions in a timelf{Abdul-Rahman et al., 2006). Sambasivan & S¢2007) studiedthe
Malaysian construction industendidentified ten important causes of construction delays. These
causes are, (1) Contractors’ Weak planning, (2) contractor’s poor sitgenasat, (3) inadeqta
contractor experience, (4) inadequate client’'s finance and payments for comptete (5)
problems with subcontractors, (6) shortage in material, (7) labor supply, (8) equavaieibility
and failure, (9) lack of communication between parties, and (10) mistakag th&iconstruction
stage(Sambasivan & Soon, 2007). The impacts of the delays are listed as time overrun, cost
overrun,disputes, arbitration, litigation, and total abandonment of construction privjexisne

cases
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Afghanistan Construction Industry

Although the construction industries in Afghanistaave beenone of the largest
contributors in creating jobs and has been a major driver of economic growth, the comnstruct
practices and technologies used within the industries are the same old fastiiodssxceptfor
the technology uskfor basic design purposes. Most of the high level and complicated design
works arebeing performed in foreign countries (USAID, 2012)d#&lo& Niazai(2012)state that
due to plethora of reasons in Afghanistan, construction projects do not meet their aseline
original finish milestones. These delays usuahg followed with unpleasant consequences
resulting inthe donorinvestots reluctanceto continue funding thus slowing the development
process. After an wlepth study and survey, it was identified thtfa¢ poor qualification of
contractors, security, poor site management and supervision by contractor, skandeaking,
poor risk management, unforeseen site conditions are some of the leading causesuictioonst
projects delayGidado& Naizai, 2012) Gidado& Naizai (2012) also found that study orhigh
raise buildings in Indonesia shows that schedule overrun was less severe than oastiover
Indonesia. The significant factor leading to cost overrun was materialdticot and inaccurate
material estimation and complexity, therefore, Afghanistsia developing country shatbese
challenges in its construction industry. Initiatives have been taken in order to etiteaoapacity
of the construction industries in Afghanistan while this initiative may neeggandfurther and
introduce industes to new technology for better planning, design and overall construction

management

Construction Industry Challengés Vietnam

Vietnam's construction industry is a fast growing industat heavily contribugs to

the country's economying & Bui, 2009) The studyindsthat the Vietham construction industry
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is providing AEC firms with tremendous opportunities since economic growth denzands
proliferation of built facilities. Although construction seems to be a successiunebssit still
experiences communal problesisnilar to thosef other developing countries. Based orHe@ai,

Dai Lee, & Lee(2008)more than 57% of construction projects are experiencing ovetuent
recurring delays. The study further explains that in Vietham, constructigects have regularly
faced delays and cost overruns. Also poor site management and supervision, findicciliedif
design changes, unforeseen site situations, inatecwestimates, shortage of material, design
errors, and others were identified as factors resulting in project delaysstnoverrun. Ling &
Bui, (2009) highlights that ost overrus and delays are not unusual in Vietham construction
projects. Further problems foundtireVietnam construction industry are reported as incompetent
designes, poor estimates, change management, obsolete technological and soegl assl

improper techniques and tools.

Barriersto the Adoption of BIM in Developing Countries

As noted in the literature many tife challenges and problems within the develgpin
countries’ construction indugdsareultimately leading to cost and schedule overrun and the same
was the result of challenges within the developed countries’ constructionrieslugherefore,
some of the companies in developing countries are ttyamgd to overcome these challendpgs
adoptingnnovative technologiesuchas BIM.Masood, Kharal, & Nasi{2014) conducted a study
on the Pakistan constructiomdustry regardinghe applicationof BIM, the result of the survey
reveas that BIM practitioners in Pakistan perceive two major benefits of BIM, costgawid
time saving in construction projects. The study further explains that batoeBIM
implementation seem to have been shattelue toa pervasive level of BIM awareness among

companies. Although, the barriers are reported to be near to none, there are very fenvesompa
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using BIM in their projects meaning that companies still require adeguaf®rt in terms of
guidance and rmpcess of BIM application and adoption. A study conducted on Nigerian
construction industrypy, (Abubakar, lIbrahim, Kado, & Bala, 2014@veals thebarriersto the
adoption process of BIMIhe bariers wereassigned relative importance index to identify their

level of importance and resistandable 2).

Table 2: BIM adoption barriers in Nigerian construction industrgource (Abubakar et al.;
Abubakar, Ibrahim, Kado, & Bala, 2014b)

Barriers to the Adoption of BIM in the Nigerian Construction Industry
Barriers RIl Rank
Social and Habitual Resistance to Change 0.824 1
Legal and Contractual Constraints 0.791 2
High Cost of Training 0.783 3
Lack of Enabling Environment {Government Policies and Legislations) 0.687 4
Lack of Trained Professionals to Handle the Tools 0.665 5
Clients Not Requestingthe Use of BIMon Projects 0.657 &
Mo Proof of Financial Benefits 0648 7
High Cost of Integrated software/Models for all Professionals 0.64 2
Lack of standard to Guid Implementation 0.579 =]
Poor Internet Connectivity 0.555 10
Frequent Power Failure 0.477 11
Lack of Awareness of the TechnDIDE",r Amnnglndustw Stakeholders 0.408 12

Based on a survey byan & Damian (2008) the respondents had different
perspective in regards to the reasons and barrter8IM use within the Indian construction

industry(Figure 2)
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Figure 2: Reasons for not using BIM. Data source(Kumar & Mukherjee, 2009)

In order to seek innovative solutsio the chronic challengeisey facetheMalaysian
construction industry is focused on innovation to the egstonstructionsystens; as a resujt
preliminary Building Information Modeling adoption kingtried (Pour Rahimian, Ibrahim,
Imoudu Enegbuma, Godwin Aliagha, & Nita Ali, 2014incethe BIM model's successful
adoption isreliant onthe collaborative contribution of project teams, challenges such as people,
processes and technologmny slowthe adoption ratby theMalaysian construction industry. Most
of the scholars are in the processalrying out researches on helping industries to prepare and
raise their awareness regradBigyl adoption by the construction induss(Pour Rahimian et al.,
2014).As suggested by the literature, most of the BIM adoption/application chalarngsimilar

in developing countries’ construction industries with slight differences émmtry to country.

AreBIM Adoption Issuesthe Samefor both Developed and Developing Countries

As dbserved in the literature, industrialized countries are struggling with geekin
holistic approaches toward fully adopting BIM in their construction industries. Qotllbe hand
some of the developing countries are lagging developed countries innBiMmentationwhile

others have started with raising the awareness about BIM technology withieahstruction
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industriesLooking at the trends of barriers to BIM adoption in both industrialized and developing
similarities can be observedome of the perceived barridrsboth developed and developing

courtries(Table 3)

Table 3: Comparison of Barrieragainst BIM Adoption in Developed and Developing Countries.
Sources(Yusuf Arayici, Khosrowshabhi, Ptomg, & Mihindu, 2009)(Kumar & Mukherjee, 2009)
(Abubakar et al., 2014bjMcAuley etal., 2013)

Comparison of Barriers Against BIM Adoption in Developed and DevelopmmtTies
Barriers in Developing Countries Country Barriers in Developed Countries Country
Lack of awareness regarding
technology among industry Nigeria Lack of awareness Ireland
stakeholders
No technical expertise India/Nigeria Le_arnlng curve and unavailability of USA/UK
skilled personnel
Software and training cost Ind|a/N|ge_zr|a/ Software and training cost UK
Malaysia
No proof of financial benefits Nigeria Eg:teﬂtsare tangible to warrant its UK
Social and habitual resistance to India/Nigerid F|r_m_s are reluct_ant to Initiate sj[aff_
: training and revise work/organization UK/Ireland
changes Malaysia
culture change
Not familiar with technology India Lack ofresources Ireland
Owners do not request its use IndiaNigeria Lack of dgmand for use of BIM/ Less UK/USA
company investment (cost)
Legal and contractual constraints Nigeria Legal issues and contractual USA
agreements
Lack of enabling environment L Inexistence of standards and
iy - Nigeria ! USA
(Goverment policies and legislation) collaborative work processes
Clients not requesting the use of BIN Nigeria/Mala | Reluctance of the architects, engine¢ USA
in projects ysia and contractors
Lack of standards to guide Nigeria/Mala | BIM is more risky to warrant its
. ) . e UK/USA
implementation ysia use/Interoperability
Poor internet connectivity Nigeria
Frequent power failure Nigeria

What deserveattention is that companies who have adopted BIM are fully satisfied
with its proven benefits and no major drawbackportedby them Howevermany companies
with lesser experience are reporting drawbacks and batieirsy BIM implementationSince
construction firms do not have a clear understandindgastpractices oBIM availableto them,
most of the firmwacillate onadoping this cutting edge technology and bunigtheir capacity for

better production, efficiency and competition in the global market (Y Arayial., 2011) The
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absence of clear guidanaadclearer process of implementation as a hindrance may be true for

developing countries’ construction indueg

Need for the Study

The literaturesuggests that BIN& in arapid andpervasive dissemination stage within
the industrialized countries’ construction industries. It was wedctor its potental to address
the chronic challenges that traditional construction technology could not aid8ilglsemerged as
a result of struggles to automate and further elaborate construction agritestice®ver time
Although BIM is an ideal approach to more sophisticated solutions for a large number of
challenges in construction industry, there are still barriers and hindi@nogsts implementation.
When compared to its predecessor construction technologies, BIM is not only a profjwaares
but both a program and process which sets a unique perimeter of conditions for its troplanta
Companies willing to adopt BIMrefadng bothnew learningand workprocesss simultaneously.
BIM as a process requires team members wuodte collaboratively than ever before. This
collaboration in turn requires a robusiormation sharing process&ollectively, barriers to BIM
adoptionin developed countries comprjdautarenot limited to,alack of awareness, associated
costs, people’s attitudes, changes in work flamack of sufficient information in return on

investment, limited skifl within the industry and legal aspects of contracts involving BIM.

Some of the developing countries are shaginwjority of thesamechallenges within
their construction industriess those in developed countries relating to cost and time osefsin
a resultindustries in developing countries, smme extent, are using BIM to address these
problems. The literature suggests that, although some of the companies opitgvebuntries

have experienced surprising benefits of BIM use, adoption barriers have pedgrddy some
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others.Reviewing theconstruction industrieffom a few different countriesadoption barrier
similarities wereobserved within thascountriesThe similar barriers includéack of awareness,
lack of technical expertise, habitual and social resistances, program and tasis)glients not

requesting use of BIM, and legal aspects of contracts involving BIM.

Further comparison d@he barriers to the adoption of Blivbtedthat not only there are
distinct similarities of barriers to the adoption of BIM between industedlianddeveloping
countries’ construction industries, but also majority of these hindrances aed bletween both

developing and developed countries.

It is important to know that the companies who have fully adopted BIM are in their
apex of competencies and success while othersalather levelof adoption or no implementation
experienceat all, are reporting barriers and hindrandasng the implematation processThe
literature does not provide information on why these two different categoriesngjacies
(companiesvith full BIM adoption& Companies with lower level of implementation or no BIM
experience) and individuals (BIM professionals who have adopted BIM & individuals with no
BIM experience and knowledge) have different perceptregarding BIM adoption and may

require further study.

In a summary thditerature identifiessimilarities between barriers to the BIM
implementation in both developed and developing countridee literature also indicadehat
developed countries are adopting B#ia more rapid pace than developing countries, therefore,
it is important tdurtherexplore the experiences of risk takers or early adopters oft@vovide
industries in developing countries with in-depth information on presésowed for successful

BIM adoption by the early adoptef&his study will provide lessons that can be learned from early
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BIM adopters in terms of implementation procesgected challenges along the implementation
process and implemented solutioltsappears thatompanies that areiling to adopt BIM in
developing countries, if provided with lessons learned from successful adopliegnefit and

be will equipped for successful BIM adoption within their companies.
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Chapter Three: thodology

The adoption of BIM in developing countries is an area of importance to ensure that
when BIM is adoptedootential issues/problems are known and can be addressed prior to starting
the adoption process. The literature review foundttiexe are likenesses to tahgoptionof BIM

in both developed and developing countries.

Theaim of this researcis toexaminesarly BIM adopters lived experienceddentify
potentialissuesand trends construction company in a developing countigy encounter while
adopting BIM Thelived experiences adarly adopterappearto be the best data source for this
type of stuly which seeks to identify potential problems in BIM adoption in developing countries
based on actual experiences in develogmehtries.These lived experiences are invaluable to a
construction company in a developing country as they mayithehpify andmitigate a problem
prior to adoption of 8IM relatedsoftware According toCreswell (2013 the problems for which
theundersanding of individuals’ livecexperience and phenomena is essential, are the best suited
problems for phenomenological researtherefore, penomenological research mythology is

considered the best approach for this type of research

The identification of potential participants for the study was the biggestctbiia
this study There are several iterations of BIM type softwdeding back to the early 1990’s
therefore inding people who have not only usiis software’sut taken them to the next level
wascritical to this study. Thesearly adoptersinderstand the need for interoperability between
software’s, the need for increased computing power, and the need for some type of stdimhardiz
in the industry. They also understand the limitations of what early softwmaiengof BIM could

and could not do relative to supporting infrastructlitee processf finding potentidparticipants
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started with the identification of complex early projects that were buthe U.S.using BIM
which enabled those projects to be constructed. @wegeojects were identified the identification

of individuals that worked on the modeling of the projects was undertaken. This was dogke throu
a network dindividuals knownn the industry anthegraduate program the author attended. Once
several key individuals were identified the process of recruiting the indigiflalhe study was

done.

After obtaining permission from thengtitutional Review Board atColorado State
University arrangements were made to interview the participantssarpethenever possible and
by phone in other instances. The data was collected through an unstructdegdhi interview
with the research participants.all cases the interviews were recordedh the permission of the
interviewee}o be transcribed at a later date for analysis. The participants were also gigece ch
to review the transcripts to emsuthat they were comfortable with the informatithrey had
provided and provide feedback in cases\ythmay view as an incorrect transcription of the
recording At the end of the interview each participant was asked to identify anyonétheght

could benefit the research process; a snow ball sampidustrated in thdiagramin Figure3.
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Figure 3: Initial Participants Snowball Identification Diagram

Each interviewwas assigned a codéo avoid the use of individual identifiers
throughout the studfe.g, participanPl, P2...etc, July, 15, 2015). Field notegrethesecondary
data storage method in this research since memories are short and human mindsotgetl to f
quickly; field notes are crucial in qualitative/phenomenological reseafgtoenewald

recommendsdur types of field notes for phenomenological research (Groenewald, 2004):

1- Observational Notes: Also called the ‘what happened notes’ are deemed important to

emphasize the use of all the senses in making observations.
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2- Theoretical Notes: ‘attempts to derive meaniag the researcher thinks or reflects on
experience.
3- Methodological Notes: ‘Reminders, instructions or critique’ to oneself on the proces

4- Analytical Memos: Enebf-afield-day summary or progress reviews.

Once the data is gatherddycner's (1999kxplicaion process was followed as suggested by

GroenewaldGroenewald, 2004):

1. Bracketing seHpresuppositionNo position is taken for or against researchers’ presupposition.
Resarchers’ theoretical concept, meanings and interpretations are to be avoident&ongy
the unique world of participant. It is basically bracketing researchersopal views and
preconceptions.

2. Delineating units of meaningn this stage, the data and statements informative to the
researched phenomena were extracted. While bracksgtfguppositions considerable
amount of judgment calls were made while units of similar meanings were extracted

3. Form themesy clustering of units of meaninroupingthe units of meanings formed cluster
of themes. The meanings of clusters were further interrogated to estabtisthtbemes which
in turn, expressed the core of these clusters.

4. Summarize each interview individually and validate the information byirtfoemant A
validity check was conducted by returning to the informants to make sure the fumalame
nature of interview was captured accurately and fully.

5. In this stage, general themes for all the intervieweeincluded in a composite summary.

This process providi a wide spectrum oflata pertinent to the phenomena thfe individual

similarities of issueselating to the early adoptiasf BIM in a country.The analysis of this data
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will result in the identification obest practices and lessons |leaithat can be used to anticipate
issues/problems that could interfere with BIM adoption in a developing countriesuctiost

industry.

Data Sampling and Validation

The selection of the participants is one of the ingiapsaken towards data gatiey
and sampling. Determining the proper sample size for this research wasitseepeEnglander
argues thatsmall samplesizes, probably no more than 10 participardase most suitable for this
type of research while the minimum number of participants is limited to (Bregander, 2012)
Large samples can become unmanageable ther@iofeis study a total o$ix (6) participants
wereselected for data gatheringrpose Five participants contributed to the study are all currently
working with construction firms in different states the U.S. whilethe sixthparticipantis a
professor in Vietnam. All the participants have fingt-hand knowledgand experiencef BIM
applicatiors in construction projects and construction compaga@sg back to the first iterations
of BIM type software This process resulted iselecting informantghat appear to be a
representative sampté¢ early BIM adopters from which toterview. ParticipantgP5 & P6) were
interviewed over the phorsgnce travel to meet with them was not an optioatd funding issues.
Four informang (P1, P2, P3&nd P4 lived close enough to tlaithorto allow for a face to face

interview at theiplace of employment

Developing the open endedestiongo startthe interviewwasanother important step
in preparing for the interview. The questoteveloped for this researetere all open ended
unstructured questienwith the goal of starting the conversation where the interviewee tells about

their BIM related adoption experiences. Therealso usedo prompt additional information and

40



detail as needed throughout the interview prodagghenomenological researchstmportant to
contextualize the context of the phenomena that is being studied to capturerttewets lived
experiencgEnglander, 2012). Following the introduction of the topic #rednformed consent

processthe participantsvereaskedhe following open ended unstructured questions:

Interview Questions:

1. Why did you choose to adopt BIM?

2. What problems/issues did you encounter when you first adopted BIM?

3. If you were adopting BIM is a developing country, what issues would you anticipate needing
to overcome to make that adoption successful?

4. In your experience do you think that BIM adoption issues would be the same for evagtone t
wants to adopt BIM irrespective of working in a developed or developing country?

5. Please tell me about your experience about adopting BIM for the first tiroarpgojects and
when your first time occurred?

6. In your role as a GC, how easy or hard is it to work with local contraeitneyin developed
or developing countries that have not used BIM previously?

7. Excluding the potential lack of physical infrastructure in developing countries civalgenges
do these developing countries face when adopting BIM for the first time?

8. If you were working with companies/people in developing countries to adopt BIM for a project,
how different do you think the challenges are in this scenario with that of adopting BIM in one
of the industrialized countries

9. When your company works on projects where BIM is used what are the minimummeznpise

for infrastructure: equipment, programs, worker knowledge, etc.
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10.1f you are working on a BIM driven project with subcontractors that do not use BIM, how

would you structure your processes to accommodate this sit@atio

These types ainstructurespen ended questidrelpedstart the conversation withe
intervieweeallowing themto relive their experiences in great detail as experienced in the real life
applicationas a BIM early adoptemterviewswererecorded while the same time notesretaken
to record the important ideas or phrases that interviewee’s imply throughaétieir dr vocal

expressions.

All interview records and notes for specific participaméseclearly labeled and dated
using the coding scheme previously identifi€hce data collectiomvas done, all recorded
interviewsweretranscribed thoroughly before any analysis. All transcripteeiethen returned
to the participants for validation to make sure nothing is taken axgdniét in the written notes
or expresed different than participant’s original view and thoughts in order to capture the pure
phenomena. Soon after the participant validation processlatlacanalysisvas conductedvia

putting all general and unique theme®ia composite summary
AnalysisProcesandComposite Summary

According toCreswell(2013, p. 180jData analysis in qualitative research consists of
preparing ad analyzing the data (i.e., text data as in transcripts or image data anr@bias)
then reducing the data into themes through a process of coding and condensing the codes, and
finally representing the data in figures, tables, or a discus8imess many books on qualitative

research, this is the general process that researchérs use

After the data collection completion, the analysis process was startelisteitiing to
the interview recorithgs multiple times to make sutke author had &ll understandingf the
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interview discussions prior to undertaking thenscribing process. Trauthorthen started with

the transcriptionprocess whildorowsing through the transcriptions for full understanding of the
first impressionsas suggested b@reswd (Creswell, 2013, p. 180)In addition,the author also
took noteduring this process as suggesteddogswell underlinng anynoteworthy statements
and or speech marks thatpartunderstanding of how the participants experienced the phenomena
by browsing through the data collectedorocess called horizonalizatioAll the transcriptios,
together with the interview recordingserethenimported to Nvivo softwaréor facilitating the
analysigrocess. Meanwhile, the interviews transcriptions wadyalatedaccordingo the answers
given to thespecific interview questions for all three interviemvsorder tocompare theverall
experiencesnd ideasf the intervieweesor each questionrAs suggested bgZreswell (2013)

once the data organization is completed amdorperformedacontinuous analysis to gain am

depth understanding of the data in hand. Following this prdwdped theauthorin the coding
process as having a general understanding of the datdlledpresearcher index the data in a
morecomprehensive mannéfigure 4. During this process thauthorwas able to pré&dentify
comprehensive themes and indexes that were later used for the data in hand. After a f
understanding of the data and all the essential notes taken, the answers from ialieiviews to

each specific question was coded
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The step following the memoing and reading the data was forming codes and
categoriesvhich is the aggregation of the data into small pieces of comprehensive information as
suggestedby Creswell(Creswell, 2013, p. 1§3The coding or indexingrocess was started with
reviewing and pondering over the research question and then transfdnenirggearch question
to afocus prompta phase that guides the generation of codes to represent the relevant ioformati
in the data)All the codes were generated after fully understanding the data as g wheteas
in cases new themes were emerging, the researcher kept addicgde=to represent the new
emerging themes. Different approaches were undertaken to select code nanstarfoej some
of the code labels were selected‘@svivo codes or “code labels the researcher composed to

best describe the information as suggested by (Creswell, 2013, p. 185).

Once asignificant amount of informationaslabeled, theuthorstarted to classify the

labeled information into themes as suggested by (Creswell, 2013, pAl&Bjicient number of
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themes were generated to the besthe authds knowledge in order tassimilateenough
informationto answer each questiarhere all themes relevant to the questions were clustered or

aggregated into a single category under each interview quedtignse).
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Figure 5: Categories and fiemedllustration. Source(Nvivo)

Following the process of arranging the data into a family of themes or datetyr
each queson, theauthorstarted interpreting the dateollowing Creswells (2013, p. 186jormat,

when conducting qualitative researtg researcher employs data interpretation Whio/olves
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making sense of the data as lessons learned. Therefore, the researcher initiaiedgtgan

themes into larger units of abstractiormake sense of the data for each question.

In the final phase, the data was represented as packages of findings in textiaindrested in
Nvivo formats as suggestdaly (Creswell, 2013, p. 187)A graphicof the overall process is

represented i{Figureob).
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Figure 6: Data analysis spiral, source (Creswell, 2013, p. 182)

Limitations to the Study:

The majority of the participants were from developed countries; the U.S. inugarti€hrough
the snowball sampling method one participant was recruited from Viet Nam. Whitothd be
construed as a limitation the purpose in using phenomenolodgato about peoples lived
experiencess to look for those participants that have the lived experiences of earlgdBiption
Since most of the early adoption of BIM took place in the U.S. the participaniaeledets the
criteria of this methodology. Ehinternational participant did bring additional insight to the study

regarding early BIM adoption in Viet Nam
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The indexing (coding) process was conducted byatitéorwhile constantly trying to
bracketing selsuppositions to avoid introducing any bias to the analysis process. Considering the
smaller data sampl@acceptable in this type of research, the dataseasto the participants for
validation prior to writing the final version of the paper. This process took #ue mf using
multiple people ta@wode and analyze the data; a process known asratégrreliability. Based on
this process the author has provided sufficient safeguards into the data collectionlggid ana

process to ensure a high quality study.
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Chapter FourAnalysis

The purpose of thistudy was to identify the challenges/issues one may encounter
when adopting BIM in developing countri@e data collected to answer this question came from
early BIM adopters in developed countries; specifically the U.S, and one developiny cgigttr
Nam (Table 4) Through their lived experiences these early adopters can help those wishing to
adopt BIM in developing countries plan for and anticipate potential barriers they naynterc
when adopting BIM in their country. The insight from the early adopters witkhéarstl knowledge
in BIM adoption isa valuableresource for individuals and construction compawiéis1g to adopt
BIM. The main criteria for selecting the participants was first hand Bipéeence, from an early
adoptergerspective, on construction projects in both developed and developing countries and a
solid understanding of BIM or BIM expertisdaving these criteria in mind, the researcher was
able to identify 6 individuals who had not only extensive BIM knowledge but also have adopted
BIM in their companies in the United States and an individual with first hand BIM knosviadg

Vietnam.

Table 4: Participants Attributes

Participant Reviewed transcripts Developed Country
P1 Yes Developed Country
P2 Yes Developed Country
P3 Yes Developed Country
P4 Yes Developed Country
P5 Yes Developed Country
P6 Yes Developing Country
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The reason for setting such criteria for the resegatticipantswas to conduct
interviews with them in order to capture thered experiences relating tbeadoption oBIM in
theircompaty. Since this study is a qualitative phenomenological research, the inteasiewthe
main source of data where participants sinaring the pure phenomena they have been through
and what they could have done differently for better tesafltheir BIM application experience.
The informants who participated in this study come from different but intevdebmckgrounds
such as atutecture, construction and civil engineering. All the participdratge an extensive
background of using BIMFigure 7). One participant hagsedBIM since 2011, two of the
informants haveisedBIM since 2008, one participastartedusing BIMin 2006, one participant
startedusing BIMin 2001, andhe earliest adopter startading BIMin1997. The term BIM was

not coined at that time and the mostnmonly used program was Bentley Tri Forma.
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Figure 7: Participants by number of years of BIM experience

All the interviews were recorded by the researcher, with participant mprfse

transcription at a later time. All the parpants were given the same open ended or unstructured
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interview questions since they all were BIM experts wajipliedfirst hand BIM knowledge. Three
interviews took place; the first and third interviewsre/conducted over the phgeachwith one
(single) individual. The second interview was conducted with four particigaragroup in a face

to face settingMostof theparticipant'sresponses were labeled with the participant’'s names when
taking notes to make sure the researcher will accuratedgmexe thaecordedvoices in order to
assign accuratalentifiersto each individual’scommentsfor analysis purposes. The interview

transcriptions were alssent back to the participants for validation and accuracy confirmation.

The open ended questions were developed such that the participant’s perspdctive an
actualstory of the phenomena they experienced were drawn out. The researcher, asiarigpm t
notes during the interview, was repeatanyy previously undescribed or vague porsaf the
interview during the discussion to make sure they fully understood the phenomesaence the

author continually asked for clarification of thoughts during interview.

Interview Response Analysis:

The initial step of the analysis wiiscome to a complete and profound understanding
of the intervew discussions. The researcheliséened to the interview recordings in full, multiple
times, to gain a better understanding of the lived experiences and to bettestanteach
individual interview as whole. The goal while listening was to hear amkrstand the exact
meaning of what participants were saying. This not only helpeddki®or gain a profound
understanding of the individual interview data but also led to a more accurst&ipton of the
interviews. The actual writing press also contributed a lot to the analysis becaudheof
additional time spent on the subject and discussion around it. In order to avoid personal

identifications, participants’ names were assigned céiaes P1 to P6 where P1 indicagin

50



participant #1 and P6 indicating participant #6. The interview transcriptions weretosent

participants for validation and to confirm their accuracy after transmnipti

Why Did You Choose to Adopt BIM?

This question waaimed to find out about the participants’ perspective on incentives
motivating companies or individuals to adopt BIM. Pondering over the anghenms seems to be
similar patterns of ideas observed between five participants reasoning Matoers an
environment of collaboration and innovation. P5 mentioned that BIM applied to a project is the
best thing ever from a designer’s perspective. P1 further explained that with Bvemti areas
of specialties could be explored, from site logistic coordination for projectsualization and
finally doing estimates even for people coming from an architectural backg®iMdherefore
facilitates a collaborative work environment while elevating individual’s skillaety of areas
in construction manageent, design and architecture. This participant also believes that BIM as
any other technology, alone will not solve any issues; it facilitates how to wbabaratively

and innovatively.

P2 believed the adoption of BIM within the company they were working for wdlg tota
reactionary to the trends of BIM application in the market in 2007. The concept instillee t
CEO at that time was “no BIM no business in the future”. The reactionary behavibe of
company’s CEO towards adoption of BIM implies the history of BIM in the market tand i
enticement potential for the business owners before 2007 which bolsters the argunotioisus s
that BIM implementation and adoption process has been slower than anticipated. Bhtkighl
that their company did not adopted BIM until 2007 making them late adopters as thiethest

market had adopted Blh 2000. P2 during the interview felt that the inherent characteristic of
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the use of BIM as a tool day generates processes thatiaiduilding a building faster and more

efficiently thus enticing companiedapt it.

The participants’ responses to the question depend on the view of the participants from
the experience and phenomena they have been through. Observing the response from P6, the
benefits hherent with the use of BIM resulting in participant’s transition to BIM is thaM, &lves
a lot of time and money. The participant further explained that documenedctieatugh the use
of BIM are veryuseful and can easily be understood by clients and the team. The phenomenon
explained by this participant aligns with the reported benefits of BIM inxis&rey literature. For
example, one of the reasons that P6 likes to use BIM was that many impraqgtiests by clients
now can easily be coordinated and dropped from consideration due to the easy undestanding
depiction of the client’s requests in early stages of the design as wb# asd of 6D BIM in
facility management. Overall, it was obged that participants in developed countries are more
transitioned towards collaborative and multigenerational working environmdnth W best
supported through the application of BIM whereas the participant from a developing country
highlights the inhieent benefits that BIM technology can offer rather than the processes generated

by BIM.

A word frequency query was generated separately for each question in Nvivo to
identify words most frequently used by participants. The frequency ofdraswvould imply two
concepts, one, the word is athused by all participants dodthe participants wereepeatedly
insisting on a concept or concepts. The contexts in which these words were usedmwagd to
draw a general understanding of participants’ agreement on these coimcégsvad frequency

qguery, the higher the frequency of words used, the léingewvordsaredepicted inFigure 8 The
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words frequency queries emerged fromttteemesdentified in Nvivo while the grouping of words

was limited with synonyms.
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Figure 8: Word Frequency Querfpr this questionSource (Nvivo)

As depicted iffigure § in response to this question, participants had used coltadyora
in the context of BIM is fostering collaborative environment whereas thisrfacterges as one
of the resistances against the use of BIM as well. The different specialtyikeeasethanical,
visualization, preconstruction estimates and coordinam@nsome of the benefits participants
realized through the use of BIM. P6 mentioned “understanding” in the context of products
produced by BIM are more comprehensive and that clients’ increased understeditigengroduct
gained from BIM is a significarfactor in the success of BIM application in developing countries.

P6 also mentions BIM saving time and money. This was a unique response that otheamiartic
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did not touch on thus not visualized boldly in the word frequency query whereas this mbaistiv

been reported by other studies repeatedly.

What Problems/Issues Did You Encounter When You First Adopted BIM?

The question was intended to highlight the phenomt&aral®g out as a preliminary
challenge to early adopters. Interestingly, it was aleskthat one of the challenges that still persist
in most of the companies represented in this study, even in developed countries, eframate
work habits like being used to doing things on a regular basis. Four of the participanésexkpre
that a colld@orative work environment, inherent with the use of BIM for successful results, was a
challenge until people got used to BIM and working collaboratively. P1 feels thatbawaition
and working together with people in order to receive theiribuy essetial. Most importantly,
these collaborations require ample effort from BIM users to constantiyataltheir work to
receive the buyn needed from parties vital to the project. Lacking collaboration skills and a
complete understanding of their work will result in others rejecting the usivofA3 elucidates
that collaboration becomes a hurdle when everybody within the team is noBulgimy if only
a few people are using it. P2 notes that a lack of collaboration between themcgxpeople that
arenot using technology with the newly out of schetldents results in an information gap. To
ensure that BIM information flows downstream constant coordination needs to be mealinii
confirms that the habit of working in a transparent and collaborative environment inlvéhent
the use of BIM is challenging for most of the people as it takes time to transttiorofd to new

habits.

Another hurdle discussed by the participants tivasisconception around BIM. Four

of the participants statetle misconception arounihe termBIM was a hurdle. P2 explained that
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a lack of education seems to have resultedmisaonception about BIM. A majority of the people
using Revitperceive that they are doing BIM just because they use Revit and Revit nikans B
In other cases people claim to know what BIM is as they know what BIM standsfortunately,
BIM needs profound understanding of the tool and process not a simple definition. &lseades

to be further exemplified by P3 stating that

(P3) “So, there is something lost in translation where design teams and a lot of people
are not really looking into the issues that they should be finding because they think the
model is going to find it for them and it is not happening.”
Understanding any tool or program, obviously is important in order to select theoogfdr the
right purpose. In regards to BIM, this understanding seems to be transitioned to individuals
perceptions that can play a deterrent role toward the adoption of BIM. Thepaattinthe third
interview highlighted that there is a lot of misconception around BIM in both developed and
developing countries. P5 explains the phenomena that when in graduate tahowlere not
supported in use of BIM as their employer thought BIM woulke tdhem away from the design

process. This highlights a scenario where the concept of BIM was surroundesicbyceptions

that played a blunting role in the adoption process.

Another deterring factor in successful BIM application was brought up asiation
sharing. Two of the participants during the second interview believed that infmmsharing is
something like extrapolation of successful results of BIM implementat@nexperienced BIM
implementation hard without all possible partners doing it and sharing the infamngaterated
from the model; information sharing is vital for doing BIM correctly. P1&xglthat a BIM model
needs to be a shared platform that everybody contributes to; they state thatthisnigoing
deterring factor in aobust and advanced market. The reason behind not sharing all kinds of
information is a lack of trust and companies and designers are afraid of mitusie pfoprietary
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information. In order for information to be shared in its entirety, it needsrtarsthe design level

and be shared and evolved throughout the life of the project.

BIM continues to be a robust AEC cutting edge technology, and requires good
operators with construction knowledge for effective utilization, said by P1. Tuegdhapeople
with 2D drafting experience might be able to use BIM for 3D visualization whdogandividuals
with better knowledge of building systems, things in BIM mean more to them and it raagibe
for them to do it right. P1 noted that most of the people with 2D drafting experience usgf mos
the Autodesk products. However, when it comes to BIM, they get confused in how to gneindiff
trades together in the BIM even though a lot of the information comes from tlee ssanmce
software (Autodesk). Therefore, this scenario may imply a lack of consetruitthndamental
knowledge. As brought up by P5 throughout the discussion, selecting random individuals for
training is not a wise decision and that benchmarking and assessmeiiabkioreelecting the
right resource since BIM is very organic and people using BIM need to bevergalienefit from
the suppleness of BIM in terms of its creativity. P6 also point out that besidesetre cl
understanding of BIM, prior knowledge of the subject for which BiMitilized is crucial therefore

the successful use of BIM requires a good understanding of the construction knowledge.

Hesitation regarding reliance on new technology may not be something new in the
market until used, tested, and the results observed by the future users. The conaspads D)
due to the sophisticated and advanced nature and performance of BIM, seem to be meee resis
than normal. P5 explained that with BIM you always have to convince people and obtain buy
from them as you contirally sell the benefits of the process; you need to market and sell your
work. This is a challenge because if you do not continuously market your work and fail

collaboratively go through your work with new adopters, it could become a turn off tepeopl
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As observed in théigure 9 collaboration was the word used by participants in
different contexts referred to as both a benefit and a hurdle for BIM users. Thisntnhere
characteristic of BIM sets the baseline for successful BIM adoption einiieuraging information
sharing that in turn leads companies to the highest level of accuracy and coordinafii@nesftdi
trades possible when properly used. As sedfigare 9, “understanding” and “misconception”
were words used by participants in different contexts. Some of the participaheve that it is
important to understand what exactly BIM is capable of and how it can be used ctheope’s
expectations may differ on what BIM is actually capable of. P6 also higérdighat gaining proper
BIM knowledge requires extensive edtion and experience that comes over time and that BIM
trainings need to be considered in phases in accordance to its specific use. Doilhdnsip wi

individuals train well in specific areas and gradually build a complete knowledjdlof
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If You Were Adopting BIM in a Developing Country, What Issues Would You

Anticipate Needing to Overcome to Make that Adoption Successful?

The aim of this question was to seek the participants’ observation on crgiced isne
may encouater when adopting BIM in a developing country. Interestingly, two of thecjatits
(P1 and P2) not only identified fundamental issues that appear to be dominant, but also continue
recommendig approaches needed to overcome these challenges. P4 started with noting that one
of the main issues is the large amount of data sharing and transfer that mey meffuspeed
internet access; dial up type networks may not serve the purpose. P3 recommendeoundsk ar
when high speed internet is not available and that issues related to slow netwmdrksovercome

through scheduled and structured meetings when coordinating with different groupsiduaisli
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working on the project. It is important to note that none of the participants mentisnes o any

kind that cannot be dealt with in regards to the application of BIM in developing countries.

Based on their experiences everyone suggested parallel solutions and approaches for
new successfuhiplementation of BIM in a developing country. P1 suggestedtieabf the first
things to set up would be a protocol on how the building is to be modeled showing how it can be
segregated into smaller pieces. This would allow for easy information shadnigaasfer and
show that these smaller pieces can be put back together once the informatioeds Ehay
further explained that not everything needs to be modeled in BIM, especially mtevitwat model
usually does bring value back over the resesimeeded to create the model. P2 share their view
as to setting a goal for specific jobs in theibeopg by helping people understand what will be

accomplished by using the tool.

They further prescribed starting with smaller pieces of the job ratheatlvaving its
use companywiddzor example, in the first job using BIM, while it might be a lgoggect start
with a BIM application for mechanical room to make sure all parts and pieces agetieeto In
the next job this scope can be expanded to include more areas of the project includinghgcheduli
and so on and probably on the third or fourth job you would be able to fully utilize BIM throughout
your projects. P1 believes that starting small would allow for more manageabésses for new

users.

P6 has somewhat of a different perspective in regards to BIM applicatios fesue
the new users in developing countries thay be ingrained from people’s understanding and level
of awareness in developing countries. P6 observes that the vital issale# understanding of

BIM and it's challenging to distinguish with traditional 2D CAD use in somescddes conveys
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their perspective on people’s perception about BIM and what BIM is realBbapf. This
information gap and general awareness aBdMt may instill a negative perception about BIM
throughout construction industries in developing countries. A salient factor for assfudc
adoption they think is the need to elevate the owners’ knowledge about 6D BIM and how the
information can signitiantly impact owners as part of the facility management. They further
remarked that owners’ btig would result in having the designers apply BIM in their designs

which is a great initial place to start with BIM adoption on a project.

P5 sees the BIM agtion issues from a technology and human perspective in
developing countries. They believe that challenges associated with cultulbelandors vary
throughout different geographical regions. kmstance,n Asia working in a collaborative and
transparenenvironment would be a challenge because BIM results in a very trangparesds
that may jeopardize peoples or stakeholders’ benefits. P5 further added that@momsptibe a
salient factor why designer, engineers and other stakeholders do nat wapiement BIM. Also,
from the technology perspective, they suggest that resources may not be a himnelie ase big
companies from the U.S outsourcing their design work to some developing countrieturitresy
noted that some of the big companies have branches in developing countries. This mdwsare that t
are talents in developing countries working for the big names therefore; itfisl@geloping

countries have the opportunity to utilize these tools.

The interview data of all three intervietes this question was coded in Nvivo in order
to observe the word frequency participants have used. As observedHigunel10, the word
repeated m&t often by the participants fgeatr. Observing the context, it is supporting the

participants’ view and suggestion that a successful BIM implementation statlavith a small

60



project or piece of a project and then gear all the efforts towards dengliye process to

achieving that goal.

Not starting small was brought up as a deterring factor by participants. Giespa
individuals not having a smaller and clear goal as their initial start may expgefaélure as the
amount of effort required for bigger job and or for bigger projeéts no goal may become
unmanageable for early BIM users. The word small was used alternativagtieas most of the
contexts to suggest that when first time users achieve their first small goalnextheb they can
add a little more scope in order gradually increase their knowledge, experieaeel physical
infrastructure. The word “understand” was used in the context of understandingpwlaae using
the tool for and setting that as your goal. It was also used by one partinig@mtontekof BIM
users needing to understand BIM explicitly and that the owners needdméewvard of the
usefulness of BIM 6D in facility management so that they would requirersgsigpply BIM in
their projects. The words data, transfer and internet weseiaéxl repeatedly by owners to signify

the requirement of initial infrastructure when starting BIM for the first time.
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In Your Experience Do You Think that BIM Adoption Issues Would Be the Same
for Everyone that Wants to Adopt BIM Irrespective of Working in a Devélope

or Developing Countries?

Considering the approaches and steps discussed within this question, five pésticipa
aligned in a positive view of BIM adoption. P4 stated that although downfalls and cuwuks w
be encountered during the adoptpocess, overathdoption issues would still be the same in both
developed and developing countries. They reasoned further stating that all compentesve
adopted BIM have experienced the same infrastructure and knowledge dexrgigpotess and
that the same approaare taken no matter where. P1 confirms this idea and adds that no matter
which geographical location an adopteinswe validate cost benefit analysis of the adoption.
Therefore, we always encounter resistance on investisgmething doing the same job we have

done without it.

Another generic barrier they mentioned was information sharing. P3 gave an example
of a struggle as obtaining everyone’s bayby provingits worth it and that the first job would
always be a mass of challenges; this wo@algeneric issue everywhere. This scenario requires
a firm commitment of someone in a higher position in the company pushing througlu¢fyestr
and believing that BIM adoption is the right way and will result in significaringa at the end.

P2 believes that every company has the three same issues regardirmptiol g adoption; it is
technology, culture or processes. Fatanceyou have the technology or not, you have the culture
and how easy that allows for adoption, or if you have the processes for whae ymirgy to do.
They exemplified that for a company doing clash detection where they do not havedbsses;

it is an automatic turn off.
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The participant from the developing country (P6) also reflected on such issags bei
the samen both developed and developing countries. They further stated that they have been to
many developing countries and found that some of the developed countries adoption challenge
are the same. However, in U.K, due to pervasive dissemination of BIM throughout the ¢immstruc
industry, the challenges compared to other countries are less as the adoption aatioapplic
BIM is strongly recommended and supported by the government entities. Redb &gt adoption
issues and resistances no longer exist in developed countries and that most otlthygedev
countries are accepting and demanding the use of Bi¥hrtunatelymany developing countries
still have their ways to go regarding challenges associated with BIM adophiey remarked that
in developed countries if you are not using BIM, you are behind. Pondering over this perspective,
it may imply that there were challenges to BIM adoption in developedreesinthereas they can
be overcome gradually as is probably the case with the organizationrticgoat is working
with. This scenario was further supported by stating that the adoption issues apde\auntries

no longer exist and the current hurdle is how to collaborate and what is next or in the future.

The responses from all three interviews to the question were analyzed through
conducting a word frequency query to see what words had been repeatedly useitipgrna.
The words with larger frequency also support the themes developed through comparigon of th
interviewee’s responses. As observeBigurell, the word “saméwas used mostly in the context
of BIM adoption issues and the processes followed toward BIM application arsathe
irrespective of being a developing or developed country. Some of the other words like
“technology”, “people” and “processes” were utilized in the context of genstiessanherent with

BIM application everywhere. The words “adoption” and “developingie used most repeatedly

as they represent the core concept that discussion was circling aroundvethuestion.
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Figure 11: Word Frequency Query for this questj@ource (Nvivo)

In Your Role as a GC, How Easy or Hard it is to Work with Local Contractors,
Eitherin Developed or Developing Countries that have Not Used BIM

Previously?

This question was discussed with participants to get their insight on real world
scenarios typically found in the construction business, in companies that work coiNabpra
large projects asontractors, and with subcontractors where BIM can be utilized to its fullest
potential. Based on five participants’ experiences, this phenomenon was explained toftib@ne
daunting hurdles that can be overcome as a result of signiéffarts, wse decision making and
taking a feasible approach to adoption. This part of BIM application may bevserashegative
towards BIM application for most of the companies; five of the particigedexperience in this

area and discussed irgsting lessons and remedies to this issue.
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P2 described their experience in working with partners with no previous experience as
difficult. They indicated that as a general contractor (GC) makinghbiee to adopt BIM was
difficult but when it came teonvincingsubcontractors to use BIM they ran into resistance if the
subcontractor did not see any value added to their bottom line. This resulted in the ¢xs de
on being reimbursed by subcontractors when they were required to do thengpoideli
sulkcontractos. The participant further explained that for most of the jobs, the GC would accept
the liability for getting the job done efficiently and quickly. P1 shared thagierience of working
with a BIM enabled subcontractor as being the most effiailetreasonable option for them. They
further explained that with subcontractors that do not have previous BIM exgeeribey fight

through the subcontractor frustration and help them enable and elevate thetycapaci

The participant also believes tha developing countries dealing with this challenge
may require extensive education and awareness initiatives. Another remedgteddgy the
participant was that some of the modeling efforts can be outsourced and this optprove
more efficient f the outsourcing is done with companies in different time zonesXamnple f
you send something at the end of the day to a company located in diffiererzibhe, early the
next day you will have the product back as companies located in differergdimaeare working
when you are not. P2 further explained that in developing countries working withistpeners
is a good strategy. On projects where the developing country firm is perforragigphithe work
it is always wise to reach out to theaséigic partner for information and knowledge. This strategy
allows for sharing the cost of training; an acceptable strategy to increaseetiall performance
of the current and future projects. P3 suggested that if companies do nothausarcapabiies,

they can hire someone do it for them.
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It was also noted in the second interview that it's always daunting to work withrgartne
not capable or in the same level where you are. P5 believes that it is going to be hakdathwvor
companies with no previous experience with BIM use, but it is something that can beoerc
They further explained that the sophistication and frustration involved within tmarszevould
be similar in both developed and developing countries. P6from a developing charey their
experience that working with such companies and people is extremely haydufther explained
that sometimes companies pay for the training of their staff and in some tbas¢rained
individuals cannot show success and the companiesriosey and a potential barrier to further
adoption is created. These scenarios may need further study to determingaihieaave a high

level assessment and benchmarking process for selecting individualsrimgtrai

The frequency query for this question shows the most repeated words by pédicipa
are “companies” and “modelFigurel2. This highlights the interrelationship of the words; similar
to how companies use BIM and BIM is used by companies. The most important word found was
“hard” in the context of it is hard to work with companies with no previous BIM expariand
to make tle decision of whether the GC needs to do the modeling for the subcontractahdrav
do it themselves, or find a third party for doing it. This decision is hard as outsoureiBgM
function could be demoralizing to the company without experience. If companies put it enoug
effort and work with their strategic partners persistently, theyacdumeve the level of success
needed to perform better in future projects. The words “strategic”, tpesand “done” are also
used in the same context of supporting the idea of “possibility” and dealinged@harios where
a partner company does not have previous experience of BIM. As obsereguie 122, The
most repeated words by siyiparticipantsvere“together” and “efficient’and weremostly used

in the context of companies being mefécient if they work together with their partners.
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Figure 12: Word Frequency Query for this questi@ource (Nvivo)

Excludingthe Potential Lack of Physical Infrastructure in Developing
Countries, What Challenges Do These Developing Countries Face When

Adopting BIM for the First Time?

This question was intended to seek participants’ observations on different issues other
than the obvious issues of physical infrastructure in developing countries in order tfy ident
specific issues inherent to BIM application in developing countries. Thrtbe piarticipants (P1,

P3, and P4) pointed bthe lack of experience and skilled resources. P1 explained that besides a
lack of experience and resources, the confidence in the outcome would be a challelogéeas pe
initially doubt what you are dong.P3 added that turning the final product or models something

useful for field crews is also something companies struggle with.
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P5 seemed to agree that the lack of experience and resources is a more prominent issue
than others whereas P5 viewed those issues a bit differently. They explaingediiatin
developing countries are more resistant to working in a collaborative environment anddgewl
sharing due to a lack of soft skills. They did not see technical skills to be an inteltesegehar
different than developed countries if the skills and resources are provided to sugabadratbn

and knowledge sharing.

P6 pointed out the misconceptions surrounding BIM and noted that both legal and
social supports are the prominent determining factors. Based on this view it could éstesiigg
that any misconception about BIM is an outcome of lack of experience and knowledge about BIM

as observed in views of participants from the second interview.

The word “collaboration” was the most repeated word by the study participaise
133 Although, in both developed and developing countries, collaborative work environment is a
prominent impediment, the level of resistance based on participants’ views wouldhbeihig
developing countries. The word “collaborative”, FiguBs Wwas mostly used in the context of less
collaborative and going over the information with subcontractors collaboratively. ePeopl
developing countries are less agreeable to work in collaborative environment. oftdle w
“information” is also used repeatedly in the context of companies’ and peopletamesi to
sharing information and that it is important to turn the information in the BIM motielseful
information for peoplén the field. The word “knowledge” was equally mentioned in the context
of knowledge sharing as a resistance, the challenge is not the technicaldgeoladé, of how to
work together. Also, the words skills and experience are used in the context @f $slallshand

experience to fight the initial resistance to the use of BIM. As stated priyiatiansparent work
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environment and corruption in developing countries were the two challenges highlightezl by t

participant from developing country.

Figure 13: Word Frequency Query for this questj@ource (Nvivo)

If You Were Working WitRompanies/People in Developing Countries to Adopt
BIM for a Project, How Different do You Think the Challenges Are in This

Scenario with That of Adopting BIM in One of the Industrialized Countries?

P1 felt this situation would be more challenging due to factors like the first cost of
developing the infrastructurenabling technogy andobtaining the proper resources in those
countries. P4 added along that recruiting experienced people is different in develmpitges
where the candidate pool might not have the baseline knowledge or experience and would need to
be educated as a beginner level. P3 explained that as part of explaining to peopeuvdrat
doing, companies may need to develop lessons learned for training purposes; thes r@quir
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resouce commitment by the compar01int02 added to the discussion that people asked to
implement BIM for the first time will ask for eviden@s cases that clients and owners have
realized profit through the use of BIM. This is usually a hurdle becauseeugte in U.S are not
willing to share proprietary information that may impact their profitabilityey further explained

that in developing countries, you need to show examples of work products to show people how

you do it and what the benefits are in order to have people buy-into the application.of BIM

As part of the suggested solution, P4 added that when selling your products, itis bette
to show people product examples similar to what you are planning to do s=ling a
sophisticated or larger@duct down to the level of product you are trying to sell would be
challenging for people. P2 added the suggestion that when implementingnBdeVeloping
countries, share your plans with Autodesk and they will help you succeed with your BIM

implementaion as they have great plans and resources available.

P5 believed that there will be no difference in the application of BIM between
industialized and developing countries. Of course there are challenges but theynaréogbe
the same as challenges fodustrialized countries that can be overcome as was the case for
developed countries. P6 felt that in developed countries, because lafvh@and government
support, challenges are not as intense and persistent as is for developing countrikgthEney
explained that some of the developed countries strongly support BIM and it is hardtfpeoyie
with no BIM experience and knowledge to find satisfying jobs in the industry. Theusexbstvord
identified in the analysis of this question was “infrasture” that encompasses the physical and
knowledgeinfrastructure, whiclwas highlighted as a challenge in developing coun{fegire
16). Reasons involved with the infrastructure challenges was highlighted as thecidtiadf
technology and trainings.
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Some of the participants used the word “Haadexpress their feelingf BIM adoption
in developing countries as being harder in comparison with developed co(fitige14). Some
of the participants felt that BIM agtion would be harder in developing countries while some

others felt it would be the same as in developed countries.

Text Search Query - Results Prewview

lot of money . This is very —_ L~ todo, | am sure you

—— ard =< _

Yes it 1s going to be © but | thank it 15 something

Figure 14: Text Querywith Participant’sexample, Source (Nvivo)

The word “show” was mostly used in the context that companies do not want to show
or share their profit realized from the use of BIM; they don’t want others $eizgpportunities
(Figurelb). Also, the word “show” was used in the context of showing people the success of using
the tool to encourage them and companies in developing countries how BIM can work by using

similar projects as encouragement.

Text Search Query - Results Preview

it, sell them the project similar to what you \ = them and what is your outcome . Because if you
you would want to have a work product to ‘/- show < people to say, here is what we want to
#1: you will get the question a lot that - ~ me the case study where it saved the owner

Figure 15: Text Querywith participants’example, Source (Nvivo)
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Figure 16: Word Frequency Query for this question. , Sou(bkivo)

When Your Company Works on Projects Where BlIMsisdwhat are the
Minimum Requirements for Infrastructure: Equipment, Programs, Worker

Knowledge, etc.?

This question aims to identify, based on lived experiences, the basic infrastructur
requirements that every company has to provide prior to implementing BIM. P1 anottP2
commented that an initial successful step towards selecting any BIM reifxgesdructure would
be to identify what you want to do with the tool. This initial step would streanttie process of
determining the software programs required for the initial goal you hav®2erovided the
example that if someone’s first objective for BIM application is only visuadizathe Revit

software program will suffice the purpose. P1 contributed that doing thetépstbased on a
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desired goal would result less immediate infrastructure requirements. Whereas, if the first step
selected is preonstruction coordination, far more staff, product, training and bigger computers
will be required. P2 further explained that with a smaller initial goal, a middhegto level
computer with at least 4G ram and Revit software would be all that needed to stafiowdver,

the complexity of the project would impact this baseline equipment requirement ey
visualization as the initial step a very attainable goal would be to start with thersiei|
animation; the foundation and interior partitions do not need to be modeled for this stemarl his
requires a lot less effort, is going to be more manageable, and can be dioRewtitvhich helps
keep the cds low. Once the initial goal is achieved, you may want to add in some clash detection
system coordination software like Navisworks. This addition will increassttrage capacity
requirements and impact computing speed. P2 went to a more detailed level of infororation f
clarity by giving an approximate cost of $13,000 USD to start with a very loel & BIM

implementation.

P1 further explained that human resources are also important. If a company does not

hire someone with BIM experience they will need to support the training okangs) and that

will take time to gain a proper level of understanding the tools. P2 clarifies thesprimwards

full BIM adoption and that it might be the fourth job when the original midlevel congwutér

no longer serve the purpose and the company needs to either upgrade their systeiaecsyper

high level computers. P3 added to the discussion that it is always better to providesconvjibt
capacity a bit over the minimum limits set by Revit to allow fornown needs. This idea was
supported up by P1 reasoning that it is important to make sure computers asesfagt;and

inefficient machine will frustrate people and impede implementation.
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P5 also believes that it is important to set people with righipetent necessary to
perform the job as a way of ensuring success. They also believe thapBtidlists, maybe from
outside the company, need to figure out what they need and coordinate their regisinsitin the
company. Based on their experience #élso important to train people to be flexible with use of
BIM and focus on what it is that they are trying to produce. Prior to startingdyaftyt is important
to conduct team discussions and identify all the deliverables and set expechatibeis opinion

identifying expectations is more important than the tools used to achieve thtaggpec

P6 also believes that the minimum requirement for adopting BIM includes a compute
software, and server and that outsourcing theiadd developing countries is important in order
to expand the capability of the software. They further stated that praopardgreor BIM operators
may take over a hundred hours making it important for trainers and companies to adjust the

trainings in different models devels to meet the needs of the BIM team.

Several words were frequently used in the discussion of this qudR&en, software,
tools, Server, and resourcegereall used to describe the initial infrastructure required to start
with BIM (Figure18). The word “irst” was the most repeated word in the figure followed by the
word “goal”. The word “first” was used synonymously in different contexts suctvizes, you
want to do first, my fist piece of BIM is, start pretty simple, what | want to do is the first step, and
do the first step before you start drafti(lggure 17). In reviewing the context and subsequent
explanation by the participants of this high reference to “first”, it is importafiirst’ identify

that what you are going to do with BIM. Doing so will not only determine the sedtpr@gram
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you may require but also help ensure that the BIM application or adoption progessgito

succeed with a very low first cost.

Text Search Query - Results Preview

am going to take this , you must have a PC

do first . Because that ( setting . Because that ( setting first goal )

have three answers for you . ~ . Participant #1 : picking what
"~ goal ) ‘<—

back to the visualization = ~ is going to determine

you need , for example = ' my - = grasp is pre - coordination , then

“ Junior modeler , senior modeler , discipline

o _ < , In this case |
~ piece

of BIM is going

would need . But if ~

allow you to take ~ S
> that -
first step and do =

first

to impalement BIM for = =, 1 am going to
> the

wanttodois —

~ and do that first
) step G )
to do anything else ( If T into BIM at a

trainings in a couple models , = of BIM is going

what you want to do “ time , it is not one

Figure 17: Text Querywith participants’example, Source (Nvivo)

Another important theme that emerged during analysis was pertinent to sedisg go
Most participants strongly believe that setting an initial goal is one of the mastampconcepts
in adopting BIM. This in turn, will determine how much and what software or other infraseu
you require to achieve that initial goal successfully. Other comments thdtiegact a successful
adoption and full implementation of BIM in both developed and developing countries include

workarounds, determination of the deliverables and outsourcing.
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Figure 18: Word Frequency Query for this questj@ource (Nvivo)

If You Are Working on a BIM Driven Project with Subcontractors that Do Not
Use BIM, How Would You Structure Your Processes to Accommodate this

Situatiorn?

This question saht participants’ view on dealing with situations where the
subcontractors and partners are not BIM enabled as is typically the case inidgvedomtries
and to share their experience on successful handling of this situation. P4 desciiltbads tha
circumstance requires additional work on the general contractor side asdéssitates decisions
on whether you want to model what they cannot, and the identification of criticalveness
general contractors are willing to help the subcontractors by building the modtletin. P2 also
supported the idea of identifying the critical areas and only paying atteotithrode areas of

concern. If this is not done the GC may expect the subcontractors to do the wholamadaitheit

77



will be vexing for them. P1 shared their experience that although they do not model for the
subcontractors, they bring the subcontractors together in the same room wekklgea3D
visualization. During this process the subcontractors pay attention and sihetfeewitwhere each
elenents of electrical, plumbing and mechanical routs are going to go. They &tatex that this

has been very beneficial exercise for all parties to better coordinate and solkanpraind
meanwhile help train the subcontractors. P3 explained theirierperon a project where the
subcontractors were unable to do the clash detection. They indicated that theyndatigieg

with too many clashes detected and then gathered the subcontractors andonghtttie model

with them which was painful but resulted in no problems during installations. P2 didnidiefor
contractors it is Building Information Management as they are managngftirmation and

model whereas the subcontractors are required to do the modeling for them.

P5 shared the view that it is important to reach out subcontractors and analyze the
situation in order to figure out a reasonable approach for a solution. They furtedrtstdtthey
have long term trainings for their subcontractors to educate them on how to coosadidate
collaborate better since both parties rely heavily on each other and therésomithwhile long
term Investment. P6 explained that in these scenarios, it is better to modehir&@ly stages for

subcontractors’ technical use and remodel only for clash detection.

The word “model” was highlighted as most commonly used by the participants in the
context of finding out if the GC is going to do the modeling for the subcontractors, haging t
subcontractors do the modeling, or if subcontractor will hire someone to do for theran3wer

to this questiomnfluencesthe GC’s decisiommakingprocesgFigure2l).
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Text Search Query - Results Preview

we coordinate all those models in one master ~ . We are motivated in every case where we

to help ( concentrate ) or you may want to - ~ and manage the information . We don't want to

us, we won't do it for them or =2 model| €~ should be provided to us Participant #1 : they

Information Management . We just want to manage _> ~ it for them and in the rest of
the

for 90 % of the job , 90 % of = ~ for them . but when it comes to duct

Figure 19: Text Query with participants example comments. Soulkbgv¢)
Participants, as illustrated, strongly suggest coordination and informatiomgstvih
subcontractors as given in the examples, coordination will result in problemficdeioin

meanwhile significant training to the subcontractors in terms of collaboratidrkr@owledge

enhancemer(Figure20).

Text Search Query - Results Preview

walk through it would be essential . Participant #2 : The > < and identifying the area of trouble ( critical ) and concentrating

: . _ coordination ; :
to duct routing and plumbing and all ; a typical for us is that we are getting together weekly

Figure 20: Text Querywith participants’example Source Nvivo)
The other word used most repeatedly in the quetgres’, this word was used in the context of

identifying the areas of problem, critical areas and the areas that need @aimehir the GC.
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Figure 21: Word Frequency Query for this question. Sourb&/iyo)
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Chapter Five: Summary of Results and Discussion

The goal of this study was to provide answers to theaudstions established to
support the main question of the study “Are there similarities between Bddtian issues in
develgped and developing countries? 4b, what lessons can be learned for Constmct
Companies in developing countries that want to adopt’BIMe main question of the study was
narrowed to a total of ten (10) sub-questitmsollect sufficient data required to answer the main
research questiorin order to address the first part thle main research question “Are there
similarities between BIM adoption issues in developed and developing counthie20} sub
guestions were further synthesized into four new sub quedtbowing the analysis of the ten
sub questions. The new four sgbestions are more geneacdencompassetthe responses from
all (10) sub-questiong.he four new sulguestions then resulted in a comprehensive response to
the first part of the main research questiare there similarities between Bl adoption issues in

developed and developing countriesRigre22)

In orderto provide lessons learned from early adoptexperienceso the corpanies
wishing to adopt BIM in developing countries, all the best practices, remeagggssions and
approaches that early adopters have either practiced or merited were extractee foaiytred
responses. fe summary responses warendensednto four naturally occurringategories of
lessons learned or best practi¢Egyure 22). At the end of this chapter, lessons learned or best
practiceswill be outlined as a result of condensing the analyzed interigsponsesnto four
categories education requirements, basic infrastructure requirements, sound practices and

working with no previous BIM experience partners.
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Figure 22: Breakdown of the data into two main parts: part A and B of the main research
guestion.

Summary of results

Why Did You Choose to Adopt BIM?

While discussing this question with participants, there were no divergent views
observed whereas, based on the individual experiences, somehow unique reasonewéne gi
informants to explain their experience on that vi@wable 5). It is interesting to observe the
uniqueness of reasons, benefits and overall drivers towards BIM adoption from differen
perspectives. Also, further scrutiny of the responses reveals a uniqueness of theephetiiil
fosters environment of collaboration and innovation” and the concept of “no BIM no business in
the future” from participants in developed countries. These responses not only signify th
importance of BIM but also an incentivizing factor to the companies for Bidgt@on. P5 denotes
BIM importance in saying “BIM fosters environment of collaboration whereas adoEentive
factor of elevating knowledge in different areas of specialties and that d&radesignés

perspective it's the best thing ever”. Pondering over all these reasonspadmipants’
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experiences, they align with the previous studies done on BIM benefits and thaoBiMials

are vast and pervasive in regards to its use in AEC industry.

More enticing is the clear difference of notions observed between developed and
developing countries’ BIM professionals. Participants from developed counédes ® be
transitioned towards BIM in order to further augment their construction pradticaddres the
challenges of collaboration, coordination of different trades and to produce documa¢iaissist
the projects throughout their life cycle. The participant from the develaoiugtry looledat the
BIM adoption purpose from a slightly dissimilar perspective “BIM saves @ Imoney and time”
and that the “documesitreated by BIM are more useful for the project team”. Noticing this
viewpoint, it can be perceived that companies in developing countries are in the stagsalet
construction chénges are rudimentary traditional construction practices. Ther#ierprimary
step towards enhancement are efficient practices that can save time and nibtiegt amore
comprehensive construction documents be produced to run construction businesses mo

efficiently in developing countries.
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Table5: Summary of responses of why respondents choose toBidtibpt

Participant Response
P1 e BIM fosters environment of collaboration and innovation
e Get to the level of accuracy andordinate multiple disciplines
e No BIM no business in future
P2 e Reactionary to the trend of BIM application in market in 2007
e BIM fosters environment of collaboration and innovation
e No BIM no business in future
e Saves time and money
P3
P4
P5 e Different areas of specialties could be explored from site logistic
coordination to visualization and estimates in preconstruction phas
e From a designer’s perspective, it is best thing ever
e BIM alone does not solve issues, it facilitates how to work
collaboratively and innovatively
P6 e BIM saves significant time and money

Documents created by BIM are more useful and easy to understan
the project team

d by

What Problems/Issues Did You Encounter When You First Addpitd@

Although trivial differences can be observed in participants’ views regarding

challenges encountering new adopters, no contradicting views were witn@sddd 6).

Therefore, it appears that when experiencing BIM application for the firet these challenges

are most likely encountered in both developed and developing countries and companies need to be

aware prior to its application. Also it is impant to note that the misconception around BIM

stands out as the major factor that participants consensually agree uptiniZay this factor, it

most likely emerges due to lack of education, lack of construction knowledge and people’s

expectation fronBIM which ties back to the BIM education.

Collaboration is an inherent characteristic for the successful use oflB3dnds out

as a deterring factor stated by four participants in companies trying to implBtivefor the first
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time. The participarfrom the developing country does not reference collaboration as a prominent
hurdle which may imply that developing countries are in the tool learning phase faher t
realizing its high level application and efficient use as a collaboration tooimpgtant to notice

that information sharing is inherent to collaboration and transparent work environmietiisa
factor is also underlined by participants as a deterring factor for corspaos likely due to the

lack of trust or fear of misuse of infoation.

Lack of construction knowledge for BIM users also turns out to be an obstade sinc
BIM requires a sound knowledge base of construction in order to be efficientlydititiappears
that people with a lack of construction knowledge experienidisutties with the use of BIM.
This might be due to people’s unrealistic expectations of BIM or they cannot providataccur
information input to the model due to lack of construction knowledge. This issue imigsesias
observed in both developed addveloping countries’ participants’ views. Although obtaining
people’s buyin was not highlighted as a hurdle by all or a majority of the partitspéarstill may
emerge as a prominent factor to first time BIM users. This is becauseBiiirigr the first time
requires rigorous changes in a companies’ work process and peopikiag styles. BIM users
typically need to convince people by marketing and selling their workakyg multiple
approaches so that they can get peopleibwand support BIM pplication. Although doing so
will not promote productivity and direct paffs, a failure to obtain buyh may surface as essential

unwillingness towards BIM application.
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Table 6: Summary of Reponsetwhat problems/issues did respondents encounter tiegn

first adopted BIM?

Participant

Response

P1

Collaboration and working with people to obtain their louys
essential and requires ample effort

Lack of collaboration results in others rejecting the use of BIM
Collaboration and working in transparent environment is challengin
for people until getting used to.

BIM model need to be a shared platform that everyone contributes
and this is a deterring factor in a robust and advanced market due
lack of trust regarding misse of information

Use of BIM requires a good base of construction knowledge

g

to it
to

P2

Lack of collaboration between experienced and new graduates
Lack of education results in misconception around BIM

BIM implementation is hard without parties sharing pertinent
information of the model

When it comes to BIM people get confused how to put different tra
together

des

P3

Collaboration becomes a hurdle if everyone is not using BIM
People are using BIM as a crouch where they don’t know where
different pieces of buildingome together

People do not think of fining issues within the model as they think t
program will find it for them and it is not happening

P4

PS5

Collaboration and working together

Design oriented school was not supporting BIM as they were thinki
BIM will take them away from design process

Selecting random individual for BIM training is not a wise decision

benchmarking and assessment is crucial prior to selecting individu
training.

ng

AS
al for

With BIM you have to always convince people and you need to obtain

people’s buyin and its challenging

P6

There is misconception about BIM in both developed and developi
countries
Prior knowledge of subject for which BIM is utilized is craici

therefore, successful BIM adoption requires construction knowledg
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If You Were Adopting BIM in a Developing Country, What Issues Would You

Anticipate Needing to Overcome to Make That Adoption Successful?

Observing the responses from the participants, as a first step towardsi@ilba in
developing countries, it is important to know who is trying to implement BIM. If tbegss of
transitioning towards BIM isnandatedat the industry levedby the goverment | believe general
awareness ahcreating opportunities for BIMpecific education would serve a vital purpose in
incentivizing people towards BIM us&landating BIM in the industry level may require a
different approach that involves legal aspects and BIM standards for BIM use ig/hiot within

the scope of this study.

If the BIM adoption procesis initiated in a compangr individual level, the issues
identified by P6, P5, and P4 along with the remedies suggestablig/ would be a better starting
point.| believe the issues identified and the remedies suggestetigipanty Table7) may play
a rigorous role in the adoption process. Setting up protocols to determine unique and bh@nagea
work packages and gearing processes in an effort to achieve that single goedisacatccessful
implementation. The scheduling of structured meetimigsre high speed internet is not available,

is a suggestetkasibleapproach for companies individuakin the early stagesf BIM adoption.

Since the discussion in the context of this specific question was circling on personal
experiences from projects that participants have worked on, | think, theaapps suggested by
P1 and P2 appear to be the best fit the context of the discussion. At this point in timpidgvel
countries appear to be in an emergent juncture of BIM adoption. Companies in developing

countries that are seeking to transition to BIM should start small and exXpainadapacity of
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physical and knowledge infrastructure job by job. Until that hapesgpears tht collaborating

with teams seems to be more feasible with lesser effort in this scenario.

The best practice appears to be gaining support for BIM adoption, at both the company
and individual levels, through increased education and an overall incrélasgeneral awareness
about BIM and what it can add to the company. In many cases this may take time to convince
people within the company that a successful transition to BIM will increase theettivepess
and performance of the company. The adoption of BIM in an entire developing courdfles A
industry may require more rigorous and inescapable efforts oriented to gewarahess,

collaboration, transparent work environment issues, and the availability of high spzadti

Table7: Summary of responses foif “You Were Adopting BIM in a Developing Country,
What Issues Would You Anticipate Needing to Overcome to Make That Adoption Successful”

Participant Response
e Early on set protocol on how the building is to be mode&lezdlow
P1 information sharing and data transfer through segregating the model to
smaller work packages and easily integrated back as a complete model
e You don't need to model everything that does not bring value back
e Starting small is more manageable
e Corsider BIM as a range of human abilities and processes
P2 e Set smaller goal and gear all the efforts and process to accomplish|that
one goal
e Expand its use job by job
P3 e Setting up scheduled and structure meetings when high speed inte
not available
P4 e High internet speed required for sharing large amount of data
P5 e Cultural barrier of working in collaborative and transparent environr
e Provide people with opportunity to use the tool
¢ Needing to understand exactly what BIM is capable of prior targga
P6 with BIM
e Elevate owners’ knowledge about BIM 6D for facility management as
owners can convince designers start with BIM
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In Your Experience, Do You Think That BIM Adoption Issues Would be the same
for everyone thatwants to Adopt BIM Irrespective of Working in a Developed or

Developing Country?

Summarizing the responses given by participants, five of them believe tHat Bl
adoption issues for people wanting to adopt BIM in either developing or developed countries
would be the sam@able8). Participants exemplified some of the issues like cost benefit analysis
validation prior to making any decision to transition into a new technology, issuestwecul
technology, obtaining people’s by, learning curven a first job and related challenges, and
other slight differences inherent to the projects. The best practice sppsapport the notion that
all these challenges will esti for anyone adopting BIM regardless of the development status of

the country.

Although P5 believes that developed countries have long passed the adoption issues
and now they are dealing with issues such as collaboration and high efficiency ofilgd&tiah,
developing countries are still experiencing adoption challe(igse8, P5). On the other hand
most of the studies identified in the literaureview and the overall context of the interview
comments in this study support the ongoing issues against BIM application evenlopéegve
countries. It does appear there are companies that have fully transitiondd em@®Imay have

already passed tlaloption hurdles in developed countries.
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Table 8: Summary of responses to similarities of BIM adoption issues in both developed and
developing countries

Participant Response

P1 e Adoption issuesre the same as no matter where we are, we alway
validate the cost benefit analysis

P2 e Yes, as every company has the same issue of technology, people
culture regarding this technology

e |tis the same. For example obtaining people’s iougnd expecting a

P3 : o g
lot of challenges in therkt job are generic issues

P4 e Although there would be some downfalls andvegrwhere the overall
adoption issueare the same

P5 e In developing countries, adoption issues no longer exists whereas
developing countries still have adoption challenges.

P6 e Adoption issues are the same in both developed and developing
countries.

In Your Role as a GC, How Easy or Hard it is to Waevikh Local Contractors,
eitherin Developed or Developing Countries That Have Not Used BIM

Previously?

Five out of six participnts agree that it is hard to work with partners that do not have
previous BIM experienc€Table9). Surveillance of the responses show that partitgpat the
same time recommend remedies to address the challenges to this scenario. As steted in
responses, companies need to evaluate the options for working relationships with esmgani
no BIM experience and select the most feasible one fagitira@tion. For instance, if companies
do not have irhouse BIM capabilities they can either outsource or hire someone do it for them.
Working with strategic partners has helped companies for better transitidesaer training costs.
Working with strate partners is another option which could result imettereliance and work

environment that in turn results in a more successful and efficient use of BIM.

It also appears that some companies do not have a benchmarking and assessment

process in place@tmeasure the individual's construction knowledge. When individuals with non-
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construction related backgrounds are trained in BIM, they typically arasnsticcessful which

could create an additional BIM adoption barrier as observed in the response from P6.

Table9: Summary of responses to how hard it is to work with local contractors with no previous
BIM experience

Participant Response

e With subcontractors that do not have previous experience, we fight
through the frustration

Pl ¢ In developing countries, this challenge may require extensive education
and awareness initiatives
e Working with partners with no previous experience is difficult
e Making the choice to adopt BIM and then do it by the subcontractor was
P> a hard decision
e It would be easy to work always with strategic partners and elevate| their
knowledge to where you want to be and share the cost of training with
them so that you both can learn together
p3 ¢ If companies do not have in-house capabilities, they can outsource
hire someone do it for them
P4

e Although it's hard to work with partners with no previous BIM

P5 experience but it can be overcome and the frustration is similar in Qoth
developed and developing countries

e Itis extremely hard to work with people with no previous BIM
experience

P6 e Sometimes companies pay for their employees training, when trained

individuals cannoshow success, it results in creating a potential barrier

to further adoption

Excluding the Potential Lack of Physical Infrastructure in Devehgpi
Countries, What Challenges do These Developing Countries Face When

Adopting BIM for the First Time?

As observed in in participants’ responses, lack of experience, knowledge and esource
stand out as more noticeable challenges that holistically can be referred to as lamkiletige
infrastructure(Table 10). Knowledge infrastructure seems to face similar barriers for BIM

implementation in both del@ed and developing countri¢éowever,developed countries have
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been addressing these challenges in both the long and short terms and thegsacemgpicuous
as they were initially. Moreover, some of the developing countries araoyetware of the
knowledge barrier as thegre as just starting the journey of transitioning to BIM. Therefore,
knowledge can be regarded as a generic barrier that companies may encounter Instegear
of BIM adoption. In all countries it appears that the best practice is for compadegeiop their

knowledge infrastructure over time.

Collaboration is another areas of potential concern in the BIM adoption process. P5
believes that businesses in developing countries may encounter more refistacmepanies in
a developed country when it comes to collaboration. This situation may be intlusnéactors
like, cultural differences, corruption (atatedby some of the participants) where people are not
in favor of transparent work environment and unwilling to share information and knowletige wit
others.These phenomemaay still exist in developed countries but at a lower level of intensity as

collaboration is an inherent requirement of BIM use.

Lack of experience and skilled resources are chgdlenwith deeper roots in
developing countries. This may stem from the time it takes to disseminate techfology
developed to developing countries over timeddition,there are typically resources in developed
countries which foster experience and knowledge development. There is also the component of
technology emergence as a result of the advancement of practices in the AE@mdsistwhole.

Based on the resources of developed countries they tend to be, more resourcefubjvéhlevel
of sphistication and expertise. Overall, when technology disseminates to developingespuntr

resources and knowledge do not necdystnllow at the same pace of technology dissemination.
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As stated by P6, there is lack of social and legal support to thefuBIM in
developing countries. Two alternatives to increase each of areas emerged ine#rehres
government and stakeholders to support and raise general awareness regddiagdBthe
adoption of a legal framework. The later would pose its own set of issues for theyinBost
instance, it would be more challenging for industries with basic BIM knowledgé#ytdransition
to BIM. In other cases just the use of BIM would ensure failurer&fbre, a gradual transition
into BIM at both the individual and company level maybe a better approach for degelopi

countries.

Table 10: Summary of responses to challenges faced in developing countries to BIM adoption

Participant Response

P1 e Lack of Experience and skilled resources

P2

p3 e Transforming the model information into the useful product to the f
crew

P4 e |Lack of Experience and skilled resources

P5 . Developin_g countries seem to be more resistant against working i
collaborative environment

P6 e Misconception around BIM

e Lack of social and legal support to the use of BIM

If You Were Working With Companies/People in Developing Countries to Adopt
BIM for a Project, How Different Do You Think the Challenges Are in This

Scenario with That of Adopting BIM in One of the Indiedized Countries?

The challenges to adopting BIM in developing countries appear to be more intense
than those in developed countries based on the participants respbaisiesl1). Factors that
support this statement include: the unavailability of tools and services, iregrexperienced
people, upgrading technological tools, education most likely starting at a elgwel, resource

commitmentfor lessons learned and all the extra efforts to address the cultural andobah
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barriers as well as shifting the work processes will require additiostbod effort. The factors
recruitment, upgrading technology, and education are more reachable and etei&ieton
developed countries. In additiothe use of BIM in developed countries is becoming pervasive
and companies with BIM capabilities are more favored to work with by genettahctons and

owners, therefore, use of BIM pays off its i@litcost.

All these challenges were encountered long ago by companies in developed countries.
Gaining experience and building complete infrastructure to support BIM eghiags that will
build over time. Foinstanceexperience cannot be gained in adee of doing something therefore
in the initial step, there are recommended approaches that companies followwtitistaiv for

reduced effort, better managing, less infrastructure and initial capital.

Table 11: Summary of responses to BIM use challenges in developed vs developing countries

Participant Response
e Itis more challenging in developing countries due initial cost of
P1 infrastructure and education
e Prior to adopting BIM, people may ask for proprietary information
effecting profitability
P2
P3 e Resource commitment to produce lessons learned as part of trairn
e Due to lack of experience and education, developing countries m
P4 require more education started from scratch
e Show people similar product to what you are selling to them as pe¢ople
cannot scale up or down other product to the level of their project
P5 e No difference
e There are challenges but can be overcome
P6 e Challenges in industrialized countries are not as intense
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When Your Company Works on Projects Where BIM is Used, What Are the

Minimum Requirements for Infrastructure: Equipment, Worker Knowledge ?

P1 and P2 both insist on determining the primary goal of what youtwaahieve
with BIM as vital initial step prior to selecting or thinking of initial infrastructuredesl for BIM
adoption Tablel12). To reach itgull potential the adoption of BIM encompasses all trades in the
AEC industry. As such there is an enormous infrastructure requirement ass wed meed for
experience, knowledge of construction and technology, resources and miodifafdtaditional
processes already in place in the companies. The challenges of experience daddea@ven
for large companies, may be too extreme to tackle in the first job as explaitielgarticipants.
On the flip side of this scenario, all companies build up ®epee and knowledge over time
including their physical infrastructure. Therefore, the recommendation tihgtaimall and setting
initial goals may help decrease companies in developing countries from intetisgidmusiue to
a lack of knowledge, physical infrastructure and experience. This will alsogrefsout the cost

associated in developing the needed infrastructure for complete BIM adoption.

For the smaller initial goals, an off the shelf computer with 4 G ram, Revit software
and a human resource with BIM knowledge would be all that a company needs &ntgdt $he
second step will gradually expand into training the design and managearantated providing
the individuals with the right tools to perform their job. This development amdnigaprocess
would expand with each new project and probably by the fourth project the company might be

able to fully transition to BIM.

All the participants agree on the need to provide the computer, software and tools for

BIM use.However there are avide range of choices of computers and software that could result
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in wide range of costs. laddition,there is the need for training and experience that companies
may not be able to provide as new adopters of .BlMe emerging best practice is to staniad
with computers, software, and people and grow into additional resources in egcnycatethe

need requires.

Table 12: Summary of responses to the minimum infrastructure requirements for BIM use

Participant Response

P1 e Whatyou want to do first will determine the requirement for initial
infrastructure Computer, Software

e Whatyou want to do first will determine the requirement for initial

P2 infrastructure
e Medium to high level computer with minimum 4 G raRevit
p3 e Provide computers with little stronger capacity Autodesk sets for i
products
P4
P5 e Right tools to perform the jofComputers & Software)
e Computer
P6 e Software

e Add in outsource

If you are working on a BIM Driven Project with Subcontractors that Do Not
Use BIM, How Would You Structure Your Processeacmommodate this

Situation?

Based on their experiences participants have taken different approaches t@worki
with nonBIM subcontractors. The approaches typically illustrate project speoffidittons and
overall company procedures and processes towards efficient and unigqumsdhutihe problem
(Tablel3). ForinstanceP1, as a GC, prefers letting subcontractors perform the bulk of modeling
work and has weekly coordination meeting in an effort to visualize the modatentify any
problem areas and to guide them with recommerajgatoaches to address any issues. This

approach may best fit situations where subcontractors are enabled to somwiéxtena use of
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BIM. The early identification of critical problems in this scenario meguire a high level
assessment from peopletivsound construction and BIM knowledge. This approach may also be
feasible in cases with a protocol with subcontractors that the GC will onlygeémainformation

and subcontractors are held responsible for doing the modeling work.

P2 and P4 both agréeat it is hard to work with subcontractors with no previous BIM
experience. A better approach to this would be to identify the project\vaitbasitical problem
and help them with modeling those areas. The recommendation from P5 also infereeagree
with P2 and P4 and reaches out to the subcontractors and analyzes the situatios antviimait
the problem is. These comments both infer that when subcontractors are not Blst earabl
cannot utilize BIM, modeling for subcontractor becomes a critical issue. Therefor
subcontractors are new userddf1, a more feasible approach would be to coordinate with them
to make sure they are on the right track to prevent potential delays and moaoldisreviile
simultaneously identifying the areas of riskttiveay require high level experience and knowledge.
This approach may result in a more controlled and conducive collaborative environrakimges

in a successful implementation of the modeling process.

As suggested by P6, subcontractors with no preespsrience should not necessarily
be forced to do any modeling work. The project can run partially with BIM and 2D products such
that the export of 2D products can be for subcontractors while the GC can use BIM models for
clash detection during installati. The result will be a smoother implementation process until the

subcontractors gain sufficient experience and are BIM enabled.
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Table 13: Summary of responses for a structured process for working with non-BIM contractors

Participant Response
- We do not model instead hold weekly coordination and doing
P1 ) L . :
visualization to identify the areas of problem for subcontractors
- ldentify critical areas and pay attention to those areas of concern
P2 - For contractors it is building information management where subs do
the modeling
P3 - Once we did the whole modeling and went through with subs whi
was painful
P4 - This situation requires additional effort in GC’s part
- ldentify critical areas that subs need help with
P5 - Reach out suband analyze the situation to take necessary measu
P6

Findings of the FouNew Research Sub Questions

The main purpose of the study was to answer the main question of “are there
similarities in BIM adoption issues in developed and developigptries that have/are trying to
adopt BIM? If so, what lessons can be learned for those wishing to adopt B fimst time in
developing countries?” In order to validate a comprehensive answer ficsthgart of the main
research questiorthe lig of 10 initial sub questions was restated4gsew sub questions after

the initial (10) sub question analysis. These new questions are:

e Why was BIM adopted in developed countries?

e Whatproblemswere encountered by industries in developed countries during the adoption

process of BIM since its inception?

e What developing countries have adopted, or are currently trying to adopt BIM and what

adoption issues did they face?

e Are the adoption issues the same today for developing countries that have adigpasd B

they were for developed countries when they adopted BIM?
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The initial merging of the initial 10 sub questions was done to consolidate thgmgrieends in
the sub questions. In turn the answers to these new four sub questions will suprsttghe
of thecentral research questitare there similarities between BIM adoption issunedeveloped

and developing countries?”.

New Research Sub Question One: Why Was BIM Adopted in developed

countries?

Based on the participant’s experiences a suggested list of causes that hawezedenti
participants to adopt BIM in developed countries is shfvable14). These reasons may not be
generalized to all AEC companies in developed developing countries but may highlight the

realities that most of the companies perceived to support BIM adoption.

Table 14: BIM implementation incentives

BIM Implementing Incentives
BIM fosters environment of collaboration
Get to the level of accuracy and coordinate multiple disciplines
Trend of market “No BIM no business in future”
Elevates knowledge in different areas of AEC specialties
BIM saves significant time and money
Documents produced by BIM are more useful to the team involved in project

New Research Sub Question Two: What problems were encountered by iaslustri

in developed countries during the adoption process of BIM since its inception?

A total of (10) problems were identified by participants during the courseiofitee
BIM implementation(Table 15). These problems may not bridge all the issues companies may
have encountered while adopting BIM but appear essential to understand and preparettor prior

transitioning to BIM.
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Table 15: Problems encountered by first hand BIM users in Developed countries

Problems Encounterdsy FirstHand BIM Users In Developed Countries
Obtaining people’s buin
Collaboration/Lack of collaboration results in people’s turn off
Working in transparent environment
Information sharing due to the fear of information misuse or loss of benefit
Solid base of construction for efficient use of tool
Lack of education
Misconception around BIM
e Use of BIM not supported by some schools due to misconception about BIM
e Selecting random individuals for pursuing BIM training by companies
e You always need to market and sell your work and convince people

New Research Sub Question Three: What developing countries have adopted, or

are currently tryingto adopt BIM and what adoption issues did they face?

As observed the challenges encountered in both developed and developing countries
are pretty similar from the participants’ perspecti(fesble16). Some of the challenges like initial
cost involved in BIM application was not highlighted for developed countries. This might be due
to the availability of resources in developed countriesthat companies realize that “BIM pays
off” and is therefore excluded from being viewed as a major hurdle. On the gpptaple may
still doubt if the cost involved with BIM adoption will pay off and that perception maydavhile
until companiesn developing countries experience the same phenomena as their counterparts did
in developed countries. The rest of the issues faced in developing countriempittglign with

that of developed countries per fhgticipants’experience and perspective.
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Table 16: Developing countries issues and current technology

IssuesOne May Encounter Adopted Technology Other Than BIM

¢ Initial costs of physical and
knowledge infrastructure

e Sharing of model and proprietary
information

e Resourceommitment to produce
lessons learned

e Misconception around BIM

e Lack of construction knowledge with
BIM users ¢ Revit and other Autodesk products

e Lack of experience and skilled
resources

e Transfer model to useful information

e More resistanagainst working in
collaborative environment

e Lack of social and legal support

e Owners’ lack of knowledge about
BIM and its use in facility
management

New Research Sub Question Four: Are the adoption issues the same today for
developing countries that have adopted BIM as tiveye for developed

countries when they adopted BIM?

Among all participants, only P5 does not explicitly reference the similarifies o
adoptions issues between country classificatf@able 17). They believe that developed countries
have already passduktchallenges and struggles of adoption to a point they are fully resolved. The
rest of the participants consensually agree the adoption issues are the samépedearmal

developing countries. This concept has been repeatedly reported in previoussasvae.
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Table 17: Similarities of issues in developed and developing countries

Responses Similar?
Adoption issues are the same since wherever we are, we validate cost bene Yes
analysis
Every company has the same three issdi¢gschnology, people and culture Yes
regarding this technology
It is the same. For example, obtaining people’s buy in and expecting challen Yes
the first job are generic issues
Although there would be some downfalls, where overall adoption isseed| the Yes
same
In developing countries adoption issues no more exist where it is still valid fg ves
developing countries
Adoption issues are the same for both developed and developing countries Yes

Summary of th&our New Research Sub Questions

Witnessing the summaries of all four new sub questibmsexplicitly observedhat

the issues encountered by first hand BIM adopters are sifidblg 15& Table 16. This scenario

was further scrutinized by observing participants’ exphegws. As depicted in Table 17),

participants agree on the similarities of BIM adoptissuesin both developed and developing

countries. Having that said, when similar issues or hurdles are encountered bgrfd<sBIM

adoptersn both developed and developing countribe approaches and experiences from early

adopters from both developed and developing countries may serve as best practcgsrierib

problems of BIM adoption in developing countries.

Lessons Learned

The lessons learned from the participants’ views and experiences on Bibatpplin individual

and company level was summarized in four main categories.

e Sound practices

e Infrastructurerequirements
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e Educationrequirements

e And working with partners with no previous BIM experience

The majority of sound practices emerged in response to the question “If you were
adopting BIM in a developing country, what issues would you ipatie needing to overconte
makethat adoption successful”. This question geared participants view towards respondeg t
more plain and most likely issues that participants have been thooughat seems to be best

approacHrom the participantgerspective Table18).

Table 18: Sound practices

Sound Practices

e Determine what do you want to do first with BIM

e Determine thesoftware, data storage and other infrastructure requirement after
determining what you are going to do first

e Early on develop a protocol on how the building will be designed to be fragmented into
manageable packages for ease of information sharing and can easiggb&ted into
a whole model at the end or set up structured meetings for work arounds when no high
speed internet is available

e Start small or set a smaller goal to be more manageable

e Do not model everything when starting first or avoid modeling elements that do ot
bring in value

e Expand its use job by job

Considering sound practices for new BIM users, basic physical infrastrustare
inherent requirement. In order to start from a rudimentary level, it is impostahbbse the right
tools that is not only cost effective but also sets the basis for sound and gradoaemegnt as
companies expand their capacitie®t¥ use. Participants merit basic infrastructure for new BIM

users Table 19).

103



Table 19: Infrastructure requirements

Infrastructure requirements

e Medium to high level computer with at least 4 G or more ram

e Software

e Either high speed internet or break the model down to manageable piecasthat
put together easily at the end

e Add in outsourcing

e Upgrade computers as expanding the use of BIM over time or project wise

Prior to the start of BIM, companies and individuals need to consider BIM education
and experience for successful implemé&aota In order to assure successfuplementation by
new adopters, companies need to make sure that individuals taking BIM educationramgistrai
have sound construction knowledge. BIM, unlike the traditional construction technologie requi
sound construction knowledge. The informatiomable20 suggest education requirements as

part ofthe best practices for first time BIM users

Table 20: Education requirements

Education Requirements
e Make sure to fully understand BIM and its capabilities
e Perform high level assessment and benchmarking prior to selecting individuals for
BIM training
e Make sure BIM user has sound construction knowledge

Once companies consider sound practices, they can easily pick up the right tool and
infrastructure while having the competent trained individuals identifiedmwiitte company. Since
construction business is mostly carried out cooperatively, companies mostlywilompartners
and business counter parts. Therefore, it is essential for companies to know deélitige
situations where partners are not BIM endblehis scenario seems to be very challenging that

takes a while for BIM enabled companies to bring their business partniensoBiM experience
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to the level where BIM enabled companies are. Participants suggest somepfaties that may

help companies deal with such scenariab({e21).

Table 21: Working with partners with no previous BIM experience

Working with Partners with No Previous BIM Experience

e Decide on your effort with subcontractor
o0 Do the modeling for them or have them do it
0o Outsource the model
o Or hire experts do it fahem
¢ |dentify critical areas or areas with more risk and pay attentionose #reas
o Do the modeling of the critical areas
o Help them through coordination and do some visualization together as well as
offering solutions
e Or reach out the subs most often and analyze the situation and what they need
o Maybe export the 2D models for their technical use and remodel for necessary
visualization and clash detections to make sure all parts and pieces of & specifi
area comes together

| believe these lessons leadngould help companies in developing countries vaith
smoother, cost effective and successful transition towards BIM adopiwovever,these lessons
may not encompass the entire aspect of successful BIM adoption whereas eaerbézgd in
terms of vith steps towards successful adoption as most of these issues have praotieally
encountered by BIM professionals with first hand BIM knowledge in some of¢deim to large
size companies. Most of the participants contributing in this study had themmgh these
situations in developed countries and since the adoptions issues were consensudllypagree
be the same everywhere, the same approach would also apply to successful itaptamen

irrelative of being irmdeveloped or developing country.
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Discussion

As observed throughout the course of analysis and summarization, the responses were
re-aggregated to develop the overall lessons learned from the early adopter or risk taker
perspective An important point to be noted was to see if all tlagtipipants agree on the
similarities of issues that early adopters may encounter in BIM apiplicin developing countries.
Further view of the participants although highlighted that BIM implementatiay encounter
intense resistance in developing coig® than developed countries where remedies were

highlighted from the BIM expert perspectives éxpected scenarios in developicmuntries.

As summarized throughout the process, the most important lekatmsw BIM users
in developing countries magonsider prior to the implementation process were, sound practices,
immediate infrastructure requirements, education requirements, and woikingartners with

no previous BIM experience.

Sincethe study focused ahelived experiencef earlyadoptersthe lessons learned
may be generalized tthe application of BIMat acompany or individual levelsy developing
countrieslt is also important to note that legal aspects of BIM and mandatingaBg¥cation in
the industry level may requifarther studiesThe results of the study will fill the gap of starting
BIM implementation in developing countries construction industries as previougssstuave
highlighted the unavailability of clear understanding of the best practicescdhatructio
companies would follow as a road map towards successful BIM application whicdsbted in

companies dithering or being hesitant to adopt this technology.

Although, it is quié challenging to avoidc personnel bias influenoy the analysis

process singeghe authothada goodunderstanding of the current BIM application challenges and
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status in both developed and developing countries through conducting an in depth literature
review. Every effort was made to bracket selppositionsvhen analyzinghe data in hand as the

only source of information for explicating and analyzing the data. To maintain a kijhofe
validity the author sentfollow-up inquiries to the participants asking them to validate the

transcriptiongor accuracy and completeneggtte data throughout the study process.

Significance of the Study

| believe more profound studies and researches will be required to sinimd@iffundamental
approaches for BIM standard, and legal aspects of contracts involving BIMs&sghrameters
may significantly differ based on different geographic locations and dveallatory difference
from one country to anotheFhe study will add significant valugy helping construction firms in
developing countries successyumplementBIM by providingbest practices and lessons learned

by early adopters of BIM. The study will help construction firms understand.

¢ BIM implementation issues are the same in both developed and developing countries

e Companies in developing countries can take the same appsotaken by early

adopters for successful BIM implementation

e Successful BIM implementation will help construction companies are facing

e The lessons learned will help construction firms take informed decision regatting B
usecompanies in developing coursi to address most of the modern day challenges

construction

e BIM use in developing countries will enhance construction practices and overall

company’s construction knowledge that in turn will support countries’ economy.
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These lessons learned or best peastiwill help construction firms in developing countries in the
process of successful gradual transition to BIM. Taking these appraaayagquire much less
effort whereas meanwhile companies will experience a gradual enhancement iorattakand

knowledge sharing practic€$able22).

Table 22: Lessons Learned

Sound Practices

e Determine what do you want to do first withiB

e Determine the software, data storage and other infrastructure requirenhen
determining what you are going to do first

e Early on develop a protocol on how the building will be designed to be fragmented into
manageable packages for ease of informati@ring and can easily be integrated into a
whole model at the end or set up structured meetings for work arounds when i
speed internet is available

e Start small or set a smaller goal to be more manageable

e Do not model everything when starting first or avoid modeling elements that do not bring
in value

e Expand its use job by job

Infrastructure Requirements

e Medium to high level computer with at least 4 G or more ram
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Software

Either high speed internet or break the model down to manageable pieces that c3
together easily at the end

Add in outsourcing

Upgrade computers as expanding the use of BIM over time or project wise

Education Requirements

Make sure to fully understand BIM and its capabilities
Perform high level assessment and benchmaikiiog to selecting individuals for BIN
training

Make sure BIM user has sound construction knowledge

Working with Partners with No Previous BIM Experience

Decide on your effort with subcontractor

o Do the modeling for them or have them do it

o Outsource the model

o Or hire experts do it for them
Identify critical areas or areas with more risk and pay attentionase treas

o Do the modeling of the critical areas

o Help them through coordination and do some visualization together as we

offering solutions

Or reach out the subs most often and analyze the situation and what thé&jaybed
export the 2D models for their technical use and remodel for necessary viswaliza
and clash detections to make sure all parts and pieces of a specific area comes |

N be put

{

Il as

i
ogeth

109



Further Research

The potential areas of future research identifiethieyauthor arebased on the access
to the data from developing countries construction industries. Since some of the knowniesmpa
in developed countries are outsourcing their models to the developing countries for more
economical product point of view, it is suggested that further research should be mseel foc
accessing a large number of construction companies in developing countries taefiptbes the
issues anBarriers against BIM implementation. In order to share the experiencesycdapters
in developing countries and comparing those approaches to the result of this study would be of
great value that would help construction firms choose the best supedaapes among the

successful set of recommendations and practices.
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