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Abstract: This study aims to draw the scenario of the BIM research
field and investigates the relationship of BIM categories (technology,
process, and people) with critical success factors, stratified in four
life cycle phases (Design, Pre-Construction, Construction, and
Operation). The research design is a literature review (SLR) performed
through bibliometrics and content analysis. The findings showed the
theme evolution based on two motor themes that stood out, artificial
intelligence and construction supply chain; three niche themes
emerged, data exchange, lean construction, and smart contracts.
Finally, we verified the lack of studies focusing on enhancing BIM
research related to the Process and People BIM categories once the
Technology category has been more studied in the field.
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1. INTRODUCTION

BIM efficiently manages data exchanges throughout the
built asset life cycle, including the operational phase using
BIM-based tools, workflows, and standards (Patacas et
al., 2020). The building life cycle (BLC) comprises three
phases: Design, Construction, and Operation (Succar,
2009). In each phase, different critical success factors
(CSFs) emerge, with distinctive effects through the four
BLC phases (BLC) (Antwi-Afari et al., 2018).

The success of the BIM approach relies on three main
categories: technology, people, and process (Liu et al.,
2017). These categories are complementary, synergistic,
and can be implemented independently. However, the lack
of any of these dimensions will result in a more negligible
effect on successful project collaboration during BIM
implementation.

This study, therefore, aims to narrow these gaps by
answering the following research questions: RQ1) How has
BIM literature evolved in the last decades? and RQ2) What
are the BIM critical success factors (CSFs), considering
BLC phases and BIM categories? The study objective is
to draw a scene of the BIM research field, investigating the
relationship of the BIM CFSs, BIM categories (technology,
process, and people), and BLC phases.

This study contributes by depicting the body of literature
on BIM, mapping the core authors, keywords, and journals,
explaining the current theme evolution and intellectual
structure, and identifying patterns, gaps, and future trends.

Second, we focused on identifying how the BIM CSFs
relate to the categories: technology, process, and people.
We understood there is still a gap between design and
construction phases due to construction fragmentation.
This study included the pre-construction phase by
considering pre-construction as a relevant phase in the built
life cycle asset. As a result, we categorized the CSFs into
four main phases (Design, Pre-construction, Construction,
and Operation).

Our paper is structured as follows: Section 2 outlines the
research methodology detailing the sampling process
and data analysis developed through bibliometrics and
content analysis. Section 3 presents findings, and Section
4 summarizes the discussion and future agenda. Section
5 presents the research contributions and limitations and
proposes future work opportunities.

2 RESEARCH METHODOLOGY

The research methodology used to address the research
guestions was a systematic literature review (SLR).
The SLR consists in identifying and synthesizing all the
research evidence available concerning a specific subject
in organized, transparent, and replicable procedures (Littell
et al., 2008; Victor, 2008) in three main phases: planning
the review, conducting the review, and reporting the review
(Kitchenham, 2004). For meeting the research goal, we
performed the SLR by applying the following methods:
bibliometrics, content analysis, and cross-tabulation
of content analysis. The research methodology was
developed in five main steps as shown in Figure 1.
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FIGURE 1: RESEARCH METHODOLOGY STEPS

2.1 Sampling Process

A two-step sample process was developed, first in articles
and reviews from the Web of Science database, then a
backward snowballing towards the key references. The
sampling process started with an initial search in the Web
of Science core collection database. We conducted the
first search in February 2021 using the strings “Building
Information Modeling”, “BIM”, “Building Information
Modelling”, and the logical operator “OR” between terms,
which yielded 13,238 results. To select only papers from the
field of research, we applied the following filters: 1) Web of
Science category: “construction building technology” and
“architecture; 2) Document types: “articles” and “reviews”
(as in peer-reviewed); 3) Research area: “construction
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building technology” and “architecture”. As a result of this
filtering process, we obtained 1,378 publications published
from 2000 to 2020 for the final sample.

The sampling process was designed to develop a
qualitative approach via content analysis and a quantitative
approach through bibliometrics and cross-tabulation of the
content analysis. The quantitative approach concentrated
on running the data extracted from the Web of Science
database through network analysis software. For the
qualitative approach, we applied another filter to find a
reasonable sample. Due to the large sample of articles, we
considered selecting 50% of the most cited publications by
annual average.
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FIGURE 2: SAMPLING PROCESS

The 1,378 papers corresponded to 2,993 citations/per year.
Thus, choosing 50% of 2,993 citations/per year resulted in
119 papers. After this final filtering process, we created a
codebook for content analysis.

Subsequently, we analyzed the 119 articles qualitatively
and crossed quantitative and qualitative data to obtain
the results. Finally, we concentrated on data analysis
and results from the discussion. Figure 2 shows how we
developed the sampling process for data collection.

2.2 BIBLIOMETRICS

For drawing a scenario of the BIM research field through
bibliometrics, we examined the scientific database to
analyze the main patterns and important academic studies
based on citation analysis as a proxy of impact (Takey &

Carvalho, 2016). Bibliometrics is helpful to visualize the
relevance and the impact of themes, articles, authors,
and sources in the literature aligned with RQ1. Besides,
network analysis facilitates mapping the relationship
between keywords, authors, and references, which helps
obtain the relationship among the variables (Carvalho et
al., 2013).

To visualize and analyze the BIM scientific knowledge
in the literature, we explored a sample of 1,378 papers,
performing bibliometric analysis through VOSviewer
software (version 1.6.13 for Windows) and Bibliometrix-
Biblioshiny software (Aria & Cuccurullo, 2017).

We characterized the sample demographics in the initial
step by identifying the most relevant authors, documents,
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sources, countries, and institutions (Paul & Criado, 2020),
with the aim of descriptive statistics and Bibliometrix-
Biblioshiny software, drawing sources dynamics, and top
authors’ production over time.

Before performing this analysis, we sorted the metadata,
particularly regarding keywords; for example, we
identified nine different keywords for BIM (BIM; Building
Information Model; Building Information Model (BIM);
Building Information Models; Building Information Model
(BIM); Building Information Modeling; Building Information
Modeling (BIM); Building Information Modelling; Building
Information Modelling (BIM)).

At the second step, we mapped the relationship among
authors, references, and sources with the VOSviewer
software, performing three types of networks: co-citation
network, co-occurrence of keywords, and sources. Then,
in Bibliometrix-Biblioshiny software, we performed the
conceptual structure and intellectual structure analysis
(Ramos-Rodriguez & Ruiz-Navarro, 2004), running
thematic mapping, thematic evolution in selected time
slices, and a historiographic analysis.

2.3 CONTENT ANALYSIS

According to Duriau et al. (2007) “content analysis allows
rendering the rich meaning associated with organizational
documents combined with powerful quantitative analysis”.
In other words, content analysis is a structured and

systematic technique for compressing several words of
text into a volume of textual data in an organized manner
to identify the focus of the subject matter and to observe
emerging patterns in the literature (Giannantonio, 2010;
Weber, 1990). For content analysis, we structured a
codebook based on two main clusters of codes, namely:
BIM codes and CSFs (critical success factors) related to
the building life cycle phases (BLC) codes.

To develop the BIM codes, we extracted the top 10 papers
of the sample from the Web of Science database. Then, we
intensely studied each paper to create the BIM codes and
then improved them during the content analysis process.
The code analysis allows investigating the relationship
between codes through cross-tabulation, network analysis,
and core-periphery analysis, performed with the IBM SPSS
software, UCINET®6, and Netdraw software (Borgatti et al.,
2002).We created fourteen (14) BIM codes based on the
10 most cited papers, as illustrated in Table 1.

To create the CSFs related to BLC phases codes, we
first defined four main phases, Design, Pre-construction,
Construction, and Operation, as aforementioned in the
introduction. Then, based on a summary of 34 CSFs for BIM
implementation found in literature and gathered by Antwi-
Afari et al. (2018), we took the 34CSFs and distributed
them into, the four main phases based on our knowledge
categorizing each CSF into each BLC phase.

TABLE 1: TOP 10 MOST CITED PUBLICATIONS OF THE SAMPLE (1 IS THE MOST CITED AND 10 THE LEAST CITED)
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e Tittle Authors Journal
order
1 Building |nformat|on mode_llng (BIM) for existing buildings — (Volk et al., 2014) | Automation in Construction
Literature review and future needs
2 Building |r_1format|on m_odellng_ framework: A research and (Succar, 2009) Automation in Construction
delivery foundation for industry stakeholders
3 The project benefits of building information modeling (BIM) | (Bryde et al., 2013) Irlljt(ramatlonal Journal of
oject Management |
4 Building mformgtnon modellng.(BIM) and safety: Automatic (S. Zhang et al., 2013)| Automation in Construction
safety checking of construction models and schedules
Application areas and data requirements for BIM-enabled . Journal_of anstructlon
5 - (Klein et al., 2012) Engineering and
facility management
Management
6 Enhancing environmental sustalnabllllty over building life (Wong & Zhou, 2015) | Automation in Construction
cycles through green BIM: A review
7 A scientometric review of_ glob_al E_>IM research: Analysis and (Zhao, 2017) Automation in Construction
visualization
Mapping the managerial areas of building information nternational Journal of
8 . . . ) . (He et al., 2017) )
modeling (BIM) using scientometric analysis Project Management
Understanding the effects of BIM on collaborative design . International Journal of
9 N - . . (Liu et al., 2017) .
and construction: An empirical study in China Project Management
Identifying and contextualizing the motivations for BIM .
. L . . ; L International Journal of
10 implementation in construction projects: An empirical study | (Cao et al., 2017) .
in China Project Management
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3 RESULTS

3.1 Sample Demographics

The annual number of publications has significantly
increased publication patterns since 2009, which could be
explained by the globally rising trend of BIM adoption. The
publications surveyed were published from 2002 to 2021
(see Figure 3).

Based on Web of Science data, we observed the number
of publications has massively risen from under 40 to
more than 280 publications in 10 years (2010-2020), as
illustrated in Figure 3a. Furthermore, there was a relevant
expansion in the number of citations in the last 10 years,
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a: Publications per year

starting from nearly 100 citations/year in 2010 and growing
sharply up to 8,000 citations/year in 2020 as observed in
Figure 3b.

In our sample, five countries stood out with the highest
number of publications and citations. The most productive
country is the USA (549 articles), followed by China
(470), the United Kingdom (315), Australia (224), and
South Korea (190). However, in the top 5 most productive
affiliations in the sample, the first one is Curtin University
in Australia, three are Chinese universities (The Hong
Kong Polytechnic University, University of Hong Kong, and
Tsinghua University) and one from South Korea (Kyung
Hee University).
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FIGURE 3: PUBLICATIONS EVOLUTION PER YEAR

3.2 Bibliometrics

3.2.1 Key authors, documents, and references

For depicting the intellectual structure, we draw the
historiographic, which explores the paths through the top
30 documents, applying the local citation score (Schoggl
et al., 2020). Figure 4 shows the historiographic developed
from 2006 to 2017, starting with (G. Lee et al., 2006) and
finishing with (Santos et al., 2017).

FIGURE 4: NUMBER OF NODES = 30. (NOTE:
EXTRACTED USING BIBLIOSHINY).

After identifying the top documents, we surveyed the core
authors, considering both productivity and citations over
time (see Figure 5). Note that while some authors stood
out in recent years, such as Hosseini and Edwards, others
have consistently influenced the field for more than a
decade such as Eastman, Sacks, and Lee.
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FIGURE 5: TOP-AUTHORS’ PRODUCTION OVER TIME.
(NOTE: EXTRACTED USING BIBLIOSHINY).
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Legend:

Lines represent the authors’ timeline.

Bubble size is proportional to the number of documents.
Color intensity is proportional to the total citations per year.
According to Carvalho et al. (2013), co-citation networks
allow observing the relatedness of items based on the
number of times they are cited together in the sample.
The network permits us to understand the affinities of
researchers, the intellectual structures of the knowledge
body, and how research groups are related to each other. A
co-citation network is shown in Figure 6, where each node
represents a reference and the links between references
denote the collaboration established through the co-citation
in the articles.

The most cited reference in the co-citation network analysis
was C. M. Eastman et al. (2011) (green cluster) with 228
citations, who developed The BIM Handbook: A Guide
to Building Information Modeling. The top-five following
authors were: Azhar (2011); Succar (2009); Volk et al.
(2014); S. Zhang et al. (2013) and C. M. Eastman et al.
(2008). Other significant cited references were Becerik-
Gerber et al. (2012); C. Eastman et al. (2009) and Azhar
etal. (2011).
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FIGURE 6: CO-CITATION NETWORK. (NOTE:
APPLYING VOS VIEWER SOFTWARE)

Thus, the pattern of the relationship among top authors,
references, and keywords are depicted in Figure 7. It could
be noted that most authors explore BIM general themes
and Industry Foundation Classes (IFC). However, facility
management, Edwards and Marzouk), sustainability
(Chan), life-cycle assessment (LCA) (Fischer), and virtual
reality (Sacks) are explored only by a few authors. (Based
on the local cited reference score, the most influential
reference is C. M. Eastman et al. (2008), as mentioned
before.

Reerences Suthes Keywords

Intelectual Roots - ~ Research Topics

FIGURE 7: RELATIONSHIP AMONG TOP AUTHORS,
CITED REFERENCES AND KEYWORDS

3.2.2 Trend topics and thematic evolution

According to Zhao (2017), "keywords present the core
content of articles and show the development of research
topics over time”. During the VOSviewer configuration
process, we chose full counting and “Author keywords” with
a minimum of five occurrences by keyword representing
4,865 keywords; 347 met the thresholds.

Figure 8 shows the most high-frequency keywords
were BIM, design, management, construction, system,
implementation, performance. BIM (red node) appeared
as the main node of the network followed by design,
construction, and management (blue nodes). Building
information modeling (orange and light blue nodes)
represented a noticeable number of total link strengths and
occurrences. According to Yalcinkaya and Singh (2015),
Building Information Modeling (BIM) has emerged as one of
the key streams in the construction industry, and received a
considerable amount of attention by researchers within the
last decade, with an accelerated increase in the number of
publications.

FIGURE 8: CO-OCCURRENCE NETWORK. (NOTE:
APPLYING VOSVIEWER SOFTWARE)
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Time Slice |

FIGURE 9: THEMATIC EVOLUTION OVER TIME (NOTE:
EXTRACTED USING BIBLIOSHINY).

To identify the core concepts and topics over time, we
performed a Thematic Evolution analysis using Biblioshiny,
exploring asymmetric time slices because the literature
evolution has had a craggy curve in recent years, as shown

Time Slice 2 in Figure 9.

S New topics have emerged as niche themes lately,

particularly data exchange, lean construction, and smart

- contracts, while two motor themes stood out, artificial
,‘ intelligence and construction supply chain.

3.3 Content Analysis
B 3.3.1 Understanding the BIM approach in Academia

< ) BIM codes analysis first started with the understanding of

e > BIM research areas of study in the field. We established
eleven major areas of study to classify the field of BIM
research of each article. Table 2 summarizes a descriptive
statistical analysis of BIM research (code B1) which is
presented by number and subcode name (research area);
number and percentage of the paper’s occurrence classified
into each research area, and the authors corresponded to
each BIM research area.

TABLE 2: BIM RESEARCH DESCRIPTIVE STATISTICAL ANALYSIS

BIM research N. of
Codes ST papers % Authors
BIM ontology (linked (Deng et al., 2016; Karan & Irizarry, 2015; S.-K. Lee et al., 2014; X. Li et al., 2017; C.-S. Park
R1 |data: semagn};ic web 14 1205 €L al., 2013; P. Pauwels et al., 2011; Pieter Pauwels et al., 2017; Santos et al., 2017; Succar,
technolo ) 2009; Succar & Kassem, 2015; Succar et al., 2013; Vanlande et al., 2008; Yalcinkaya &
9y Singh, 2015; S. Zhang, Boukamp, et al., 2015)
R2 Eclil\ljlclgtitgﬁ AEC 4 3% |(X. Lietal, 2017; Santos et al., 2017; Yalcinkaya & Singh, 2015; Zhao, 2017)
(Arayici et al., 2011; Barlish & Sullivan, 2012; Bradley et al., 2016; Cao et al., 2014; Cao
et al., 2015; Chen & Luo, 2014; Eadie et al., 2013; Franz et al., 2017; Gu & London, 2010;
R3 BIM in the AEC 25 21% Hartmann et al., 2012; Hosseini et al., 2018; Y. Jung & Joo, 2011; G. Lee et al., 2006; X. Li et
industry al., 2017; Love et al., 2015; Miettinen & Paavola, 2014; Monteiro & Martins, 2013; Porwal &
Hewage, 2013; Sacks, Koskela, et al., 2010; Santos et al., 2017; Singh et al., 2011; Succar,
2009; Succar & Kassem, 2015; Succar et al., 2013; S. Zhang, Boukamp, et al., 2015)
(Ding et al., 2014; Dossick & Neff, 2010; C. Eastman et al., 2009; W. Fang et al., 2018; V.
Safety (construction Fang et al., 2016; Guo et al., 2017; K. Kim et al., 2016; X. Li et al., 2017; C.-S. Park & Kim,
R4 |safety rule and code 18 15% |2013; JeeWoong Park et al., 2017; Santos et al., 2017; Solihin & Eastman, 2015; Yalcinkayal
checking) & Singh, 2015; J. Zhang & Hu, 2011; S. Zhang et al., 2013; S. Zhang, Teizer, et al., 2015;
Zhou et al., 2012)
(Akbarnezhad et al., 2014; Azhar et al., 2011; Basbagill et al., 2013; Bynum et al., 2013;
Sustainability Doan et al., 2017; El-Diraby et al., 2017; Iddon & Firth, 2013; Ilhan & Yaman, 2016; Jalaei
R5 |(energy, acoustic, 18 15% |& Jrade, 2015; X. Li et al., 2017; S. Liu et al., 2015; Lu et al., 2017; Santos et al., 2017,
energy simulation) Schlueter & Thesseling, 2009; Shadram et al., 2016; Soust-Verdaguer et al., 2017; Wong &
Zhou, 2015; Yalcinkaya & Singh, 2015)
I(:ei?s“t% ml?ur}%giﬁn;ent (Becerik-Gerber et al., 2012; X. Li et al., 2017; Motamedi et al., 2014; Parn et al., 2017,
R6 g buldings, 13 11% |Pishdad-Bozorgi et al., 2018; Santos et al., 2017; Volk et al., 2014; Wetzel & Thabet, 2015;
reconstruction, : :
erformance control) Yalcinkaya & Singh, 2015)
BIM technology (Bosché et al., 2015; Du et al., 2018; J. Jung et al., 2014; M.-K. Kim et al., 2015; M.-K. Kim|
R7 applications (Laser 14 12% et al., 2016; Klein et al., 2012; X. Li et al., 2017; C.-S. Park et al., 2013; Santos et al., 2017,
scalnni/ng, \girtual 0 Tang e;al., 20)10; C. Wang et al., 2015; X. Wang et al., 2013; Xiong et al., 2013; Yalcinkaya|
reality/UAV & Singh, 2015
H-BIM (Historic
R8 |Building Information 4 3% |(Bruno et al., 2018; X. Li et al., 2017; Santos et al., 2017; Yalcinkaya & Singh, 2015)
Modeling)
Innovation Chien et al., 2014; Dave et al., 2016; C. Z. Li et al., 2018; X. Li et al., 2017; Love et al., 2013;
(3D-priting, critical (Chienetal., 4; Dave etal,, 2016; C. Z. Lietal., ; X. Lietal, ;Loveetal, ;
R9 10 8% |Sacks, Radosavljevic, et al., 2010; Santos et al., 2017; Son et al., 2015; Wu et al., 2016
success factor, Lean Yalcinkaya & Singh, 2015)
construction, LPS) y an.
(Asl et al., 2015; Borrmann et al., 2015; Deng et al., 2016; Dong et al., 2014; Gerrish et al.,
Intelligence 2017; Gocer et al., 2015; Goedert & Meadati, 2008; Grilo & Jardim-Goncalves, 2010; Habibi,
(interoperability, 2017; Ham & Golparvar-Fard, 2015; Irizarry et al., 2013; Karan & Irizarry, 2015; C. Kim ef]
R10 building 31 26% al., 2013; H. Kim et al., 2013; J. B. Kim et al., 2015; Kumar & Cheng, 2015; S.-K. Lee et al.,
performance, 2014; N. Lietal., 2014; X. Li et al., 2017; H. Liu et al., 2015; Negendahl, 2015; Jaehyun Park
construction & Cai, 2017; Pieter Pauwels et al., 2017; Pinheiro et al., 2018; Redmond et al., 2012; Sacks|
simulation) et al., 2017; Santos et al., 2017; Vanlande et al., 2008; C. Wang et al., 2015; H. Wang & Zhai,
2016; Yalcinkaya & Singh, 2015; Zhong et al., 2017)
R11 E‘I"B?ﬂ'glg&';”%’ﬂ[t‘? g | 705 |Aniletal, 2013; Davies & Harty, 2013; Han & Golparvar-Fard, 2015, 2017; X. Li etal., 2017;
scale) ! Santos et al., 2017; X. Wang et al., 2014; Yalcinkaya & Singh, 2015)
% in 119 articles
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From cross-tabulation, we observed a strong relationship
between BIM ontology (R1) and BIM in the AEC industry
(R3), and BIM ontology (R1) and Intelligence (R10).
Additionally, there was a significant relationship between
BIM ontology (R1) and Safety (R4), and BIM ontology (R1)
and BIM technologies applications (R4) as illustrated in
Figure 10.

FIGURE 10: BIM RESEARCH NETWORK (NOTE:
APPLYING THE UCINET SOFTWARE)

After analyzing BIM research fields, we focused on
understanding BIM adoption classified into macro, meso,
and micro-categories. Based on Liu et al. (2017), we first
classified BIM macro-categories named by Technology,
People and Process focused issues. Second, we
subdivided each macro-category into meso categories.
Third, we subdivided each meso-category into macro-
categories as can be seen in Table 3, Table 4, and Table 5.

TABLE 3: BIM MACRO CATEGORIES DESCRIPTIVE
STATISTICAL ANALYSIS

code @) PMTacrecasoy | wot |
MacC1 | Technology-focused issues 94 79%
MacC2 People-focused issues 13 11%
MacC3 Process-focused issues 50 42%

TABLE 4: BIM MESO-CATEGORIES DESCRIPTIVE
STATISTICAL ANALYSIS

code(@3)| M T e | papers | *
MesCla IT capacity 79 66%
MesC1lb | Technology management 58 49%
MesC2a Attitude and behavior 7 6%
MesC2b Role taking 11 9%
MesC3a Communication 35 29%
MesC3b Leadership 3 3%
MesC3c Trust 16 13%
MesC3d | Learning and experience 13 11%

TABLE 5: BIM MICRO-CATEGORIES DESCRIPTIVE
STATISTICAL ANALYSIS

code 8] M T s | papers| *
MicClal software functionality 61 51%
MicCla2 software immaturity 8 7%
MicCla3 compatibility 34 29%
MicC1lbl |model creation management| 14 12%
MicC1b2 | model sharing management 48 40%
MicC2al designer attitude 6 5%
MicC2a2 reluctance to initiate new 5 1%

works flows
MicC2b1 | The emergence of new roles 5 4%
MicC2b2 confliction obligations 7 6%
MicC3al information exchange 22 18%
MicC3a2 |direct access to collaboration 9 8%
MicC3a3 organizational structure 18 15%
MicC3a4 business purposes 11 9%
MicC3ab different requirements 3 3%
MicC3b1l third party as a leader 1 1%
MicC3b2 |direct participants as leaders 3 3%
MicC3cl trust effects 12 10%
MicC3c2 affecting trust 2 2%
MicC3c3 experience 5 4%
MicC3cl inadequate BIM skills 6 5%
MicC3d2 learning approach 7 6%
MicC3d3 organizational learning 7 6%

% in 119 articles

The descriptive statistical analysis showed Technology-
focused issues (MacCl) were the most BIM macro-
category studied with 79%, followed by Process-focused
issues (MacC3) with 42%, and People-focused issues
(MacC2) with 11% of our sample. In the BIM meso-
categories, we noticed the most representative ones
were: IT capacity (66%), Technology management (49%),
and Communication (29%). Concerning the BIM macro-
categories, we observed Software functionality (51%),
Model sharing management (40%), and Compatibility
(29%) as the most studied of the sample.

From the cross-tabulation, we recognized a stronger
network between Technology (MacCl) and Process
(MacC3) in comparison to the Technology and People
(MacCz2) network, and the Process and People network as
illustrated in Figure 11.

MAY/AUGUST 2022



BIM CRITICAL SUCCESS FACTORS IN DIFFERENT LIFE-CYCLE PHASES

FIGURE 11: BIM MACRO-CATEGORIES AND MESO-
CATEGORIES NETWORK (NOTE: APPLYING UCINET
SOFTWARE)
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FIGURE 12: BIM MACRO, MESO, AND MICRO-
CATEGORIES CODE TREE (NOTE: APPLYING UCINET
SOFTWARE)

In the BIM meso-categories network, we primarily observed
a robust relationship between IT capacity (MesCla) and
Technology management (MesC1b) and a considerable

relationship between these two meso-categories with
Communication (MesC3a).

Figure 12 shows a code tree analysis between BIM macro,
meso, and micro-categories. As previously observed in the
descriptive statistical code analysis, Technology-focused
issues (MacC1) composed the most notorious BIM macro-
category compared to People and Process-focused issues.
From the code tree analysis, we identified IT capacity
(MicCla) and Technology management (MicC1lb) as the
most relevant meso-categories and Software functionality
(MicClal) and Model sharing management (MicClb2)
as the most representative macro-categories related to
Technology-focused issues (MacC1). Communication
(MesC3a) represented the most mentioned meso-category
and Information exchange (MicC3al) and Organizational
structure (MicC3a3), the most studied macro-categories
related to Process-focused issues (MacC3).

3.3.2 BIM macro-categories relationship with CSFs in
the BLC phases

Since our secondary research goal was to investigate
the correlation of BIM macro-categories with CSFs in
the building life cycle phases, we crossed technology,
process, and people as BIM macro-categories codes with
the four CSFs codes using UCINET software. The CSF
codes were categorized into the design, pre-construction,
construction, and operation phases as previously defined
in the methodology research.

The analysis showed Process (MacC3) BIM macro-
category has more significant correlations with CSFs codes
than to Technology and People. Figure 13 illustrates the
relationship between Technology with CFS codes in each
building life cycle phase. The network analysis showed
stronger correlations between CSFs D12 with the design
phase; CSFs PC4 and PC6 with the pre-construction
phase; CSFs C4 with the construction phase and CSFs O1
with operation phase compared to the other correlations
between technology and CSFs in each BLC phase.

By cross-tabulation, we observed a narrow correlation
between People (MacC3) and CSFs codes in the building
life cycle phases represented in Figure 14. In turn, we
noticed an expressive network between Process (MacC3)
and CSFs codes represented by the links in Figure 15. The
network analysis showed stronger correlations between
CSFs D1, D2, D3, D4, and D12 with the design phase;
CSFs PC2, PC4, PC6 with the pre-construction phase;
CSFs C4 with construction phase compared to other
correlations.

PAGE 41

FIGURE 13: CORRELATION OF TECHNOLOGY BIM
MACRO-CATEGORY WITH CSFS CODES (NOTE:

APPLYING UCINET SOFTWARE)

FIGURE 14: CORRELATION OF PEOPLE BIM MACRO-
CATEGORY WITH CSFS CODES (NOTE: APPLYING

UCINET SOFTWARE)

FIGURE 15: CORRELATION OF PROCESS BIM
MACRO-CATEGORY WITH CSFS CODES (NOTE:

APPLYING UCINET SOFTWARE)

4. DISCUSSION AND FUTURE RESEARCH
AGENDA

By addressing Research question 1 (How has BIM been
approached by Academia in the last decade?) we observed
that BIM research has been more focused on topics related
to technology than compared to processes and people in
the last decade. We understood there is still a gap in the
field to develop research exploring BIM not only as of the
technology itself but as an integrated process in the building
life cycle phases. We understand that BIM technology itself
cannot solve construction problems commonly faced by
the AEC industry.

There is a need for rethinking design and construction
processes integrated with BIM solutions that rely on
BIM-trained professionals. BIM adoption would require a
change in the existing work practice (Porwal & Hewage,
2013). Thus, we consider Process and People as important
macro-categories and as strong research streams to be
developed in the BIM field.

Operational and management themes have been neglected
compared to product themes in the field (Hosseini et al.,
2018). For Barlish and Sullivan (2012), Organizational
and project management functions can be affected by the
implementation of BIM. By understanding there is a need
to better integrate design and construction interface, we
recognize the importance of developing new studies in
the BIM research field allied to solutions of construction
management methods, which can be able to diminish the
lack of integration between design and construction phases
in a more collaborative work environment.

We recognize there is a gap of knowledge between design
and construction interface in the AEC industry. We hence
considered the Pre-construction an important phase to be
investigated and understood for reducing the fragmentation
between design and construction phases. Thus, to better
discuss this gap, we suggest a future research agenda
presenting key findings and unsolved questions related to
the Pre-construction phase by BIM macro-categories, as
illustrated in Table 6. To discuss future research agendas,
we selected papers from the content analysis database
classified as BIM in the AEC industry (BIM research code)
and Pre-construction CSFs code. We here present the
main key findings and unsolved questions related to the
Pre-construction phase codes categorized by BIM macro
categories.
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ixerg;?;' Key findings Unsolved questions Ref.
BIM-servers should provide technical features to support information sharing, communication . .
. . ) ; ) - The success of the BIM-server depends on its collective .
media, process management, exploration space, privacy, and flexible system configuration. adoption by the stakeholders. who are expected to Singh et al.,
BIM-server technologies should not be limited to functional and operational requirements only a nii ate)i/n the coIIaboratior’1 activities p 2011)
Technol because AEC projects are mostly multi-organizational and multi-disciplinary. P P ’
echnology —
MacC1 The BIM model is still not able to fully meet all the users’
The choice of modeling tool should not be constrained by the type of object needs (Monteiro &
Itis essential to use a structured system of IDs and layers to ensure the consistency of workflows. The approach to design has to change to adjust to these Martins, 2013)
The success of the quantity takeoff process is highly dependent on parameters. new tools, frameworks, and standards for structuring the '
use need to be developed and optimizing performance
The benefits of the BIM framework involved: (1) Return metrics: change orders, RFls, and Large n ee_d for managgnal effectiveness for BI.M success Barlish &
Organizational and project management functions affect the
schedule; and (2) Investment metrics: design costs and contractor costs. ga 1 proj g Sullivan, 2012)
BIM implementation
The need for guidance on where to start, how to work
Identified technical tool functional requirements and needs, and non-technical strategic issues through thg legal, procurgment, and cgltural chgllgnges
for BIM adoption BIM adoption would require a change in the existing work (Gu & London,
. . practice 2010)
There are varying levels of BIM adoption from country to country Need for greater collaboration and communication across
disciplines, data organization, and management
Process Insights into how different types of institutional forces can be better manipulated to facilitate the The need to consider BIM adaption as a complex activity (Caoetal,
MacC2 diffusion of BIM in the construction industry P P 2014)
Performance measurement is a prerequisite for ensuring that PPPs are delivered by the project There has been limited use of BIM within PPPs (Love et al.,
goals. 2015)
Knowledge (of property level variable), reasoning (in
Developed a framework to evaluate promising areas and to identify driving factors for practical ontology variable), and cost-effective approaches using (Y. Jung & Joo,
BIM effectiveness structured BIM properties are the promising areas for 2011)
advanced BIM
BIM technology adoption should be undertaken with a bottom-up approach rather than a top- . . . -
down approach for a successful change in management and in dealing with the resistance to Successful BIM ado_ptlo_n needs an |r_nplementat|on strategy (Arayici et al.,
change. and professional guidelines are required for that. 2011)
BIM is most often used in the early stages (design and pre-construction) with progressively less . L .
use in the later stages (constructic))/n an% op(eratign) P ) prog y Lack of expertise within the project team and external
L - . organizations (Eadie et al.,
3D models are less significant compared to the increased collaboration, management aspects Need for educational and professional develooment for BIM 2013)
of the process, reduction of waste, and accuracy in the impacts of BIM. trainin p P
Lack of industry expertise and training provides an opportunity for education providers. 9
’\I:;lzc‘):[élg Understanding how delivery decisions influence the integration and development of project Determine the effect of team integration and group cohesion (Franz et al.,
teams and make building owners aware of how decisions affect the project performance on both sustainability and safety performance. 2017)
Focuses on a building object behavior (BOB) description notation and method, developed as a Clear communication and collaboration between domain .
shorthand protocol for experts, consultants, and software developers are essential (G. Leeetal,
- S . A . . for the success of any advanced parametric modeling 2006)
designing, validating, and sharing the design intent of parametric objects. -
system for project development.
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5. CONCLUSIONS AND LIMITATIONS

This study provided an overview of the BIM approach in
Academia in the last decade. A total of 1,378 articles were
collected from the Web of Science database. Bibliometrics
mapped the main clusters of BIM research and the relevant
authors in the field. We performed a co-citation network, co-
occurrence of keywords, and citation network by sources
to identify the current status and future trends of BIM in
Academia.

Based on the first research question and the main
research goal, we acknowledge that BIM is still a relevant
topic in the field and its approach has been concentrated
on understanding BIM as a technology compared to the
process and people BIM macro-category. About the BIM
approach in Academia, the findings showed Intelligence,
BIM adoption in the AEC industry, Safety, and Sustainability
as the research topics most studied in Academia in the last
decade.

Concerning BIM macro-categories, Technology was the
most representative BIM macro-category followed by
Process and People. This denotes the majority of the
articles analyzed were dedicated to the development of
information technologies in the AEC industry. Therefore, the
BIM approach has been mainly focused on topics related
to interoperability; building performance; construction
simulation; construction safety and code checking; energy,
acoustic, and energy simulation in Academia.

The second research question and research goal allowed
observing the relationship of BIM macro-categories with
critical success factors in the building life cycle phases.
We noticed that Process had a stronger correlation with
CSFs compared to Technology and People BIM macro
categories. Particularly, we noticed 9 out of 34 CSFs had
stronger link correlations with the Process BIM macro-
category, five of which were related to the design phase,
three with the pre-construction phase, and one with the
construction phase.

In conclusion, after crossing and analyzing the data from
bibliometrics, content analysis, and cross-tabulation, we
suggest the importance of developing studies focused
on the enhancement of BIM research related to Process
and People BIM macro-categories, once the Technology
BIM macro-category has been more studied in the field.
In addition, data analysis also showed the relevance
of studying design and construction interface with the
evidence that the most significant subphases in the
building life cycle were Analysis, detailing, coordination,

and specification which is the last subphase of the design
phase and, Construction planning and construction
detailing as the first subphase of the construction phase.

Finally, this study has some methodological limitations:
First, the data was collected only from the Web of Science
database. Second, data has limitations regarding the
adoption of search strategy, search strings, and logical
operators. Third, the data analysis can have some
bias based on our authors ‘knowledge and perception
regarding the topic’. As future works, we suggest a broader
investigation with other research databases adopting the
codes created in this study, besides an analysis of critical
success factors for BIM in the building life cycle subphases
to understand the potential research gaps between those
subphases.
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