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ABSTRACT

This paper examines the factors influencing the integration of Building Information
Modeling (BIM) into Industrialized Building System (IBS) projects to understand current
BIM integration practices among construction players, particularly IBS contractors in
Wilayah Persekutuan Kuala Lumpur (WPKL) and Selangor. It aims to explore the criteria
for technological adaptation and evaluate the level of technological adaptation for BIM-IBS
implementation. Consequently, a literature review and instruments to conduct a mixed-
methods approach were prepared to collect all required information. Subsequently, a
qualitative analysis of the data was conducted. The findings indicate that financial factors
consistently drive the most significant adaptation of BIM-IBS technology. The scores show a
strong belief that technical abilities and workforce readiness are necessary to align with the
demands of BIM-IBS (technical and individual around 4.0 with minimal variability), while
financial and organizational perspectives are elevated but erratic (0.57-0.65), underscoring
problems with governance and budgeting. In conclusion, experienced professionals are
better equipped for and more likely to embrace BIM-IBS adaptation. The results show that
the financial and organizational structures possess a strong foundation, both in structure
and employee mindset, for effectively embracing new technologies, which aligns with SDG 9
Industry, Innovation, and Infrastructure.

Keywords: Building Information Modeling, Industrialized Building System,
Technological Adaptation, Technology Readiness Index.

1. INTRODUCTION

The construction sector has regularly been marked by low productivity, fragmented project
execution, budget estimation exceeding, delays, and quality issues relative to other industries.
These obstacles have prompted the sector to investigate different building techniques and digital
tools to improve efficiency and performance. One approach is the Industrialized Building System
(IBS), which focuses on prefabrication, standardization and organized assembly techniques.
Previous research has shown that IBS can significantly improve construction quality, shorten
project timelines, and enhance sustainability outcomes [1, 2]. Consequently, IBS has attracted
greater interest from governments and industry players worldwide as a practical solution to
contemporary construction challenges.

The effective execution of IBS requires strong coordination among project collaborators, precise
information sharing, and integration across the design, manufacturing, and construction phases.
Conventional two-dimensional design techniques and disjointed information streams frequently
fall short of meeting the intricate demands of IBS projects. To address these constraints, Building
Information Modeling (BIM) has emerged as a revolutionary digital technology that can enable
integrated project delivery. BIM enables the development and oversight of smart digital models
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that assist with collaboration, collision detection, and budget management throughout the
building lifecycle [3]. Many studies have demonstrated BIM’s capacity to enhance communication,
reduce errors, and improve decision-making in construction projects [4, 5].

The combination of BIM and IBS is increasingly recognized as a key strategy for leveraging the
strengths of both frameworks. BIM offers a digital platform that facilitates design standardization,
prefabrication planning, production oversight, and logistics management, essential elements of
IBS projects. Additionally, BIM facilitates the enhancement of prefabricated elements by enabling
prompt identification of design issues and better synchronization between digital models and
real-world manufacturing workflows. Studies indicate that BIM-supported IBS can notably
enhance constructability, decrease rework, and boost project efficiency through improved
collaboration [6, 7].

Nonetheless, despite the acknowledged advantages, the use and incorporation of BIM in IBS
projects continue to be irregular, especially in developing and emerging construction markets.
Current research suggests that the integration of BIM and IBS is influenced by several factors,
including financial resources, organizational preparedness, technical systems, workforce skills,
sustainability focus, and technological preparedness [8]. Elevated implementation expenses,
absent management dedication, inadequate technical expertise, opposition to change, and a lack
of trust in new technologies are barriers to successful adaptation. These challenges emphasize
that integrating BIM with IBS is not purely a technological concern but also involves
organizational and human-centered changes.

Due to these challenges, it is essential to thoroughly investigate the factors affecting BIM
integration in IBS projects to aid in efficient decision-making and policy formulation.
Understanding these elements will help industry participants pinpoint facilitators and obstacles,
enhance technology preparedness, and encourage sustainable execution approaches. This study
seeks to explore the financial, organizational, technical, individual, and sustainability factors that
affect BIM integration in IBS projects, thereby enhancing both theoretical understanding and
practical implementation in the construction sector.

2. LITERATURE REVIEW
2.1 Financial and Organizational Factors Influencing BIM-IBS Integration

Financial and organizational elements are regularly recognized in the literature as key factors
influencing BIM implementation in IBS projects. The initial costs of BIM adaptation, such as
software purchases, hardware upgrades, training, and workflow modifications, are often seen as
a significant obstacle, especially for small- and medium-sized construction companies. Moreover,
senior management support is essential for promoting BIM-IBS integration by providing
strategic guidance, allocating resources, and fostering an innovative environment.

Organizational readiness, comprising clear workflows, collaborative practices, and supportive
policies, has been shown to greatly affect the success of BIM implementation. Researchers
highlight that, moving forward, BIM goes beyond a technological shift; it involves an
organizational change that necessitates process engineering and collaboration across different
functions [9]. Organizations that use integrated management structures and standardized
processes achieve better BIM functionality because they require designers, manufacturers, and
contractors to work together effectively in IBS projects. Organizations achieve BIM-IBS
integration success through their financial stability and organizational development.

The first financial cost of implementing BIM, which includes software purchases, hardware
upgrades, employee training, and system upkeep, will require organizations to make a major
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financial commitment. Organizations with strong financial capacity can better handle expenses
while their projects deliver long-term advantages, including reduced rework costs, improved
budget management, and increased project execution efficiency. The implementation of BIM-
enabled IBS processes becomes unachievable for small and medium-sized enterprises because
their financial constraints prevent them from adopting these systems, despite the evidence of
productivity increases.

2.2 Technical and Workforce (Individual) Factors Affecting BIM Adaptation in IBS

Two of those factors include technical skills and employee readiness, which are significant for the
successful integration of BIM in IBS programs. BIM-informed IBS requires advanced technical
infrastructure, including interoperable software platforms, reliable data exchange standards, and
accurate modeling protocols. Without effective technology systems in place, the true benefits of
BIM for design coordination and prefabrication cannot be realized. Earlier research indicates that
technical challenges like software incompatibility, absence of standardized BIM libraries for IBS
elements, and inadequate technical assistance can impede successful implementation [10].

The adaptation and actual use of BIM technologies by the workforce are just as important. Human
aspects, such as skills, knowledge, experience, human resources, and attitude towards
technology, significantly influence the implementation of BIM in IBS projects. Numerous studies
indicate that insufficient BIM knowledge and reluctance to adapt among professionals continue
to be significant obstacles, especially in conventional construction settings [11, 12]. Education
and continuous professional development are key to developing personal skills and confidence
with BIM tools. In IBS projects, precision and cooperation are crucial; thus, a skilled and
technology-literate workforce is important to support the integration of BIM-IBS.

The successful execution of BIM-IBS integration requires digital infrastructure elements,
matching software systems, and standardized data exchange protocols as essential components.
The BIM tools must deliver all required IBS features through support for modular coordination,
prefabrication detailing, clash detection, and accurate quantity take-offs. The implementation of
BIM-based IBS systems faces three main challenges: insufficient technological infrastructure,
software systems that cannot work together, and the absence of technical standards.

Workforce (individual) factors are equally critical because BIM depends on users who possess
knowledge, skills, and positive attitudes. Professionals with sufficient BIM expertise can utilize
BIM capabilities to enhance IBS operations, which involve design coordination, manufacturing
integration and construction planning activities

2.3 Sustainability and Technology Readiness in BIM-IBS Integration

Sustainability factors and technology readiness have gained increased attention with respect to
the integration of BIM and IBS. IBS is significantly associated with sustainable building practices,
as it reduces waste, enhances energy efficiency, and improves building quality. BIM increases
these advantages by providing enhanced sustainability analysis, assessments, and resource
management in early stages of design [13, 14]. It has been found through research that
organizations with a strong sustainability focus will use BIM as a resource to attain organizational
goals related to environmental and economic needs.

Technology readiness, commonly assessed with the Technology Readiness Index (TRI), indicates
users’ enthusiasm, creativity, and uncertainty regarding the implementation of technologies.
Studies suggest that elevated optimism and creativity enhance BIM adaptation, whereas unease
and uncertainty may hinder implementation [15, 16]. In IBS projects, the preparedness of
technology influences stakeholders’ views on the practicality and user-friendliness of BIM.
Organizations that proactively address user issues through training, support, and change
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management are more likely to achieve sustainable, enduring BIM-IBS integration. Therefore,
sustainability objectives, alongside advanced technology readiness, foster a conducive
environment for effective BIM implementation in IBS initiatives.

Organizations with strong sustainability goals are therefore more inclined to BIM-IBS integration
as part of their long-term development strategies. Organizations reach technology readiness
when they establish their capacity to implement and operate advanced digital technologies. The
process of BIM-IBS integration becomes easier when organizations have high technology
readiness, including a strong operational technological framework and team members who can
drive innovation.

2.4 Technology diffusion

“Technology diffusion” refers to the spread of new technology within a community, organization,
or company, and to the exchange of resources, knowledge, and skills to enhance the adaptation
and use of the technology. Various factors might influence its diffusion, such as the benefit of the
new technology, compatibility with the prevailing technology, availability of resources and
support, and the social and cultural context in which the technology is to be implemented.
Understanding these factors is essential for successful implementation and moving toward new
technology.

The crucial elements that define the rate and extent to which a technology will be diffused include
relative advantage, which calculates how preferable the technology is to what already exists;
compatibility, which considers how easily the technology can be implemented alongside existing
systems and processes; complexity, which denotes how difficult or easier the technology will be
to implement and understand; trialability, which refers to how easily or how feasible it will be to
pilot and test the technology before full implementation; and observability, which defines how
easily others may notice the benefits that the technology may bring.

The spread of technology is enhanced by multiple channels, such as communication networks,
social factors, government regulations, and market forces. Understanding these elements and
processes is crucial for efficiently encouraging the adoption and successful implementation of
new technologies, resulting in greater efficiency and better outcomes across industries.

3. METHODOLOGY

Data were collected through a mixed-methods approach, focusing on qualitative (semi-structured
interviews) and quantitative (questionnaires). Semi-structured interviews were conducted
online via Google Meet. Prior to conducting an online interview via Google Meet, a set of semi-
structured questions was developed to ensure that all relevant information on the criteria for BIM
adaptation in construction projects, particularly IBS projects, would be collected. This will help
to improve the questionnaire at the final stage using results from the interview. A sample size of
five was suitable for this qualitative analysis. Five BIM specialists with professional experience in
the construction sector were chosen as participants in this qualitative study. The criteria for
participant selection were based on: a) Participation in IBS (precast concrete) construction
projects; b) possessing knowledge of BIM; ¢) having over 5 years of experience in the construction
industry; and d) being open to participating in a semi-structured interview. Figure 1 shows the
flowchart of the method.
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Figure 1: Flowchart of the method.

Additionally, the data collection utilized a questionnaire survey method employing a quantitative
approach. The survey was developed following a thorough examination of the current literature
concerning BIM implementation in IBS projects. The output from the semi-structured interview
was also used to verify the potential criteria and the questionnaire’s relevance regarding BIM
adaptation. A pilot study was conducted involving responses from 30 participants, which helped
to enhance the questions prior to the actual survey. The questionnaire was completed based on
insights from the pilot study. The completed questionnaire is made up of three sections: (a) the
respondents’ general information, (b) research objective 1, and (c) research objective 2. In parts
B and C of the questionnaire, the barriers were ranked using a Likert scale (1-strongly disagree,
2-disagree, 3-neutral, 4-agree, 5-strongly agree).

Table 1 presents the respondents’ demographic profile for the semi-structured interview. The
demographic profile includes years of work experience in the construction industry, gender, and

higher levels of qualification.

Table 1: Respondents’ Demographic Profile (Semi-structured Interview) (n=>5).

Demographic Profile Frequency Percentage (%)

Years of Working Experience in the
Construction Industry
Less than or equal to 5 years

[

5-7 years 20
8-9 years - -
More than or equal to 10 years 4 80
Gender
Male 4 80
Female 1 20
Higher level of qualification
Assistant Engineer 2 40
Senior Engineer 1 20
Professional Engineers 2 40
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It was discovered that 80% of the participants were men, whereas 20% were women.
Additionally, 20% of the participants had 5-7 years of work experience, whereas the remaining
80% possessed more than or equal to 10 years of work experience.

Likewise, 40% of the respondents were professional engineers, 20% were senior engineers, and
the remaining 2 participants were assistant engineers. Demographic examination indicates that
they possessed significant professional experience, qualifications, and expertise. Therefore, they
were deemed appropriate candidates to be interviewed for this research study.

Table 2: Respondents’ Demographic Profile (Questionnaire Survey) (n=98).

Demographic Profile Frequency Percentage (%)

Years of Working Experience in
the Construction Industry

Less than or equal to 3 years 14 14.29
4-6 years 31 31.63

7-9 years 27 27.55

More than or equal to 10 years 26 26.53

Gender
Male 74 75.5
Female 24 24.5
Education

Certificate 1 1.02
Diploma 14 14.29
Degree 70 71.43
Master 12 12.24

PhD 1 1.02

CIDB Grade

G4 6 6.12

G5 20 20.41

G6 16 16.33
G7 56 57.14

State of Organization

WPKL 36 36.73
Selangor 62 63.27

Like Table 2, the profile emphasizes a predominantly male workforce (74) comprising 24 women,
demonstrating a solid educational foundation: 70 hold a Degree, 14 a Diploma, 12 a Master’s, 1 a
Certificate, and 1 a PhD. CIDB qualifications show a majority at G7 (56), with 20 at G5, 16 at G6,
and 6 at G4. Experience skews towards mid to senior levels, with 31 individuals in the (4-6 year
range), 27 in the (7-9 year range), 26 in the 10 years or more range, and 14 with 3 years or less.
Geographically, 62 participants hail from Selangor, while 36 are from WPKL. A total of 98
individuals are participating. Overall, the data suggest a highly skilled, almost senior cohort with
strong CIDB qualifications, concentrating in specific domains, while also highlighting
opportunities to improve gender diversity, maintain a steady influx of younger talent, and align
training and succession plans with regional market dynamics.

3.1 Validity

Validity in research refers to the extent to which a study accurately measures what it intends to
measure and whether its findings, conclusions, and interpretations are appropriate and credible.
This study applies validation techniques to ensure that the instruments measure the intended
variables and that the results accurately represent the target population. Data validity refers to
how well the collected data align with established academic research practices [17]. Validity is
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essential because it prevents researchers from unintentionally measuring variables that are
outside the scope of the study [18].

There are four main types of validity: face validity, content validity, criterion validity, and
construct validity. Face validity and content validity are primarily qualitative evaluation methods
that assess whether the research instrument appears appropriate and adequately covers the
study domain. In this study, both face validity and content validity were employed due to their
simplicity and effectiveness in preliminary qualitative assessment. These validation processes
were conducted through expert evaluation, during which the survey structure, clarity, relevance,
and item representativeness were examined. An expert panel typically consists of individuals
with specialized knowledge in a particular field who assess whether the instrument effectively
measures the intended constructs.

Face validity and content validity serve as the initial steps in ensuring that the questionnaire
items align with the variables being measured. To enhance the credibility of the instrument, two
university lecturers were selected to review and evaluate the questionnaire, as supported by [19].
These lecturers were chosen due to their research experience and professional expertise in
construction, particularly in relation to IBS and BIM. Sufficient time was provided to allow them
to thoroughly assess the questionnaire items based on their specialized knowledge.

Based on their feedback, several questions were modified because some items contained
ambiguities, errors, or overlapping meanings. Certain terminology was refined to improve clarity
and ensure ease of understanding for respondents. Additionally, some existing items were
removed as they did not align with the study objectives, and new items were introduced to better
capture the intended constructs. The lecturers also provided recommendations regarding the
pilot study process, including suggestions on questionnaire distribution and response analysis.
Their evaluation confirmed that all components of the theoretical constructs were adequately
addressed. All feedback and recommendations were incorporated into the revised questionnaire,
which was then used for the pilot study.

3.2 Reliability

Table 3 shows the scale of reliability and Cronbach’s alpha coefficient. Cronbach’s alpha coefficient
is used to determine whether measurement items in a questionnaire maintain internal
consistency and assessment reliability.

Table 3: Scale of Reliability and Cronbach’s Alpha Coefficient [20].

Cronbach’s Alpha Coefficient, a Level of Reliability
<0.50 Unacceptable
0.50 - 0.59 Poor
0.60 - 0.69 Questionable
0.70-0.79 Acceptable
0.80 - 0.89 Good
20.90 Excellent

The alpha value needs to be 0.50 or higher, as lower values indicate that the items fail to measure
the same construct and require modification or elimination. The range of 0.50 to 0.59 indicates a
poor rating because it shows the items do not maintain sufficient consistency. The alpha of 0.60
to 0.69 is questionable, as the scale needs development to improve reliability. The alpha value in
the 0.70-0.79 range indicates acceptable reliability, as research purposes require consistent item
measurement. The range of 0.80 to 0.89 indicates good reliability, as all items exhibit high internal
consistency. The alpha value of 0.90 or higher demonstrates excellent reliability because it shows
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extreme consistency, which allows researchers to trust that their measurement instruments
accurately assess the intended construct.

Table 4 shows five factors, including financial, organizational, technical, individual, and
sustainability elements, to evaluate BIM-IBS readiness. The internal consistency of the
measurement items was assessed through the application of Cronbach’s alpha coefficients. The
overall reliability score for all 20 items is 0.844, which falls within the good reliability range,
indicating that the instrument is reliable and suitable for further analysis.

Table 4: Reliability Coefficient of the Variables Factors.

. No. of Cronbach’s .
Variables Original Items Alpha Coefficient Scale Rating
Financial Factor 4 0.905 20.90 Excellent
Organization Factor 4 0.718 0.70-0.79 Acceptable
Technical Factor 4 0.833 0.80-0.89 Good
Individual Factor 4 0.729 0.70-0.79 Acceptable
Sustainability Factor 4 0.740 0.70 - 0.79 Acceptable
TOTAL 20 0.844

The financial factor showed excellent reliability, as indicated to its Cronbach’s Alpha of 0.905. The
financial readiness assessment, which included both investment capacity and cost factors,
demonstrated strong internal consistency, as it successfully measured financial readiness for BIM-
IBS implementation.

The organizational factor achieved a Cronbach’s Alpha value of 0.718, which falls within the
acceptable reliability range. The study found that management support, organizational structure,
and organizational policies together defined organizational readiness. The technical factor yielded
a Cronbach’s Alpha of 0.833, indicating good reliability. The items assessing technical
infrastructure, software availability and system integration demonstrate strong consistency and
reliably measure the intended technical constructs.

The individual factor obtained a Cronbach’s Alpha value of 0.729, which is also considered
acceptable reliability. The assessment of workforce capabilities through BIM-IBS requires
consistent measurement across all three areas: workforce skills and knowledge, and willingness to
adopt the system. The sustainability factor had a Cronbach’s Alpha of 0.740, indicating an
acceptable level of reliability. The items that assess environmental, economic, and long-term
sustainability show consistent measurement performance.

Table 5 shows the reliability assessment results for four technology readiness dimensions:
optimism and innovativeness, discomfort and insecurity. The overall Cronbach’s Alpha for all 20
items is 0.803, indicating good reliability and confirming that the instrument is suitable for
assessing technology readiness among the respondents.

The optimism dimension had a Cronbach’s Alpha of 0.825, indicating good reliability. The
assessment results demonstrate that the particular items that evaluate positive technology benefits
and efficiency improvement create strong internal assessment stability. The innovativeness
dimension achieved a Cronbach’s Alpha of 0.860, indicating good reliability. The assessment results
show that the test items successfully measure how willing test participants are to adopt new
technologies, including BIM-IBS.
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Table 5: Reliability Coefficient of the Variables of TRI.

No. of Original Cronbach’s Alpha

Variables Items Coefficient Scale Rating
Optimism 4 0.825 >0.90 Good
Innovativeness 4 0.860 0.70-0.79 Good
Discomfort 4 0.877 0.80 - 0.89 Good
Insecurity 4 0.906 0.70-0.79 Excellent
TOTAL 20 0.803

The discomfort dimension reported a Cronbach’s Alpha of 0.877, indicating good test reliability.
The items that evaluate user experiences of being overwhelmed or unable to control new
technology demonstrate consistent assessment results. The insecurity dimension had a Cronbach’s
Alpha of 0.906, demonstrating excellent reliability. The assessment results show that the test items
evaluating data security problems, system trustworthiness, and technological trust exhibit
extremely strong internal assessment stability.

4. RESULTS AND DISCUSSION

4.1 Qualitative

Table 6 elaborates on the broader factors that affect technology adoption for BIM-IBS,
highlighting financial, personal, organizational, sustainability-related, and technical factors.
According to the overall scores, organizational (33) and financial (37) factors rank highest among
all the criteria, followed by sustainability (13) and technical considerations (11). According to
this weighting, participants believe that adequate funding, institutional capabilities, and internal
management procedures are critical to implementing BIM-IBS. Sustainability, on the other hand,
is acknowledged but receives less attention, indicating that stakeholders prioritize immediate
practical concerns over long-term environmental objectives. Scholarly works frequently highlight
this prioritization, citing organizational structure, leadership support, and financial viability as
critical elements impacting moving forward [21].

Table 6: Document analysis of Criteria Technology Adaptation with variables.

IV(P1) IV(P2) IV(P3) IV(P4) IV(P5) Total

RQ1: Criteria Technology

Adaptation 20 12 32 21 14 99
Financial 13 3 8 7 6 37
Individual - 2 2 1 - 5

Organization 5 4 16 8 - 33
Sustainability - - 3 4 6 13
Technical 2 3 3 1 2 11
Totals 40 24 64 42 28 198

According to panel-wise contributions, Panels 3 and 4 produce the highest totals (64 and 42),
with Panel 3 placing a strong emphasis on organizational and technology adaptation criteria. This
suggests that these groups provided more thorough insights into the technological frameworks,
internal structures, and workforce capabilities, all of which are essential components of a
successful BIM-IBS transformation. While sustainability-related input is clearly present, it seems
to be secondary, indicating that respondents may see sustainability benefits as supplementary
rather than primary adaptation motivators. Prior to addressing sustainability aspects,
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construction companies often view BIM adoption through the lens of cost-effectiveness and
operational enhancement, according to prior research. Generally, it shows that the adoption of
BIM-IBS involves a mix of economic, organizational, and competency-related factors, with
financial and organizational preparedness being the most important aspects.

Table 7 shows the ratings given by respondents from five interview panels regarding aspects of
the Technology Readiness Index (TRI), which acts as a measure of their technology readiness to
interact with BIM-IBS technologies. The components of TRI optimism, innovativeness, insecurity,
and discomfort indicate attitudes that can either facilitate or obstruct the adaptation of new
digital tools.

Table 7: Document analysis of Technology Readiness Index with variables.

IV(P1) IV(P2) IV(P3) IV(P4) IV(P5) Total

RQ2: Technology

Readiness Index 3 3 4 2 2 14
Discomfort 1 1 - - 1 3
Innovativeness 1 2 1 - - 4
Insecurity 2 1 3
Optimism 1 1 1 1 1 5
Totals 6 7 8 4 4 29

As mentioned in Table 7, discomfort and insecurity (both 3) are at relatively moderate levels,
optimism (5) and inventiveness (4) are the most prominent characteristics among participants.
This suggests that most participants have a favorable attitude toward BIM-IBS, along with a sense
of potential benefit and interest in digital transformation. These findings align with broader
research on technology readiness, which emphasizes how positive attitudes toward technology
significantly influence adaptation patterns [22].

When the panel distribution is closely examined, Interview Panel 3 stands out as having the
highest overall score (8) among TRI indicators, particularly when it comes to the insecurity
category. This suggests that those in Panel 3 are more confident and prepared to use BIM-IBS
procedures in their work. The ratings in panels 1, 2, 4, and 5 are moderate but generally balanced,
suggesting varying levels of readiness among the larger stakeholder group. These diverse trends
align with the literature on BIM, which often emphasizes disparities in preparedness stemming
from organizational demands, technological anxieties, or skill gaps. Furthermore, the presence of
mild discomfort and insecurity highlights the ongoing learning process associated with BIM-IBS
integration [23]. In summary, Table 7 indicates that, despite positive attitudes, the industry still
needs targeted training and support systems to improve overall technology preparedness.

Table 8: Mean and Standard Deviation of Variables.

Variables Mean Std. Deviation
Financial 4.6148 0.57007
Organization 4.1352 0.65327
Technical 4.0357 0.05317
Individual (Workforce) 4.0587 0.05240
Sustainability 3.9821 0.05028
Optimism 4.2372 0.05528
Innovativeness 4.0944 0.58714
Discomfort 4.0867 0.60507
Insecurity 4.1811 0.62978
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The descriptive statistics indicate that all variables had notably high average values, reflecting
overall favorable perceptions among participants. The financial aspect has the highest average
score (4.6148), indicating that organizations are financially equipped, and, according to [24], this
will help them to be inclined to invest in new technologies. The organizational, technical, and
individual (workforce) factors exhibit high average values exceeding 4.0, indicating that internal
management support, technical infrastructure, and employee competencies are sufficiently
strong to facilitate technology adaptation. The small standard deviations for the technical and
individual factors indicate that respondents have a high level of consensus on these elements [25].

The sustainability aspect (Table 8), though slightly lower, remains high at 3.9821, indicating good
awareness and acceptance of sustainability issues in the construction sector. On the Technology
Readiness Index (TRI), high mean scores for optimism and innovativeness indicate that
respondents’ usual outlook is very positive and that they are ready to adopt new technologies.
Simultaneously, high averages for discomfort and insecurity indicate that, while the respondents
are very open to the acceptance of technology, some apprehensions and misgivings still linger.
The results indicate a high readiness for technology adaptation, supported by financial stability,
organizational capacity, technical readiness, and a general positive attitude among employees.

5. CONCLUSION

In conclusion, the synthesis of the three tables has provided an integrated understanding of
technology adaptation and readiness in the construction industry. In relation to RQ1 - Criteria for
Technology Adaptation, the results show that the most significant criteria are financial and
organizational, suggesting that the availability and utilization of financial resources, as well as
strong organizational structures, are key determinants of technology adaptation. This result
supports the assertion that organizations’ commitment and financial readiness are the most
significant facilitators of the adoption of advanced construction technologies. Despite the lower
indication by the two criteria, technical and sustainable considerations are also significant,
pointing to the importance of technical expertise and the increasing need for sustainable
construction practices. The lowest result was recorded for the individual criterion, suggesting
that although human capability is important, it is considered somewhat less significant than
financial and organizational criteria at these stages of adaptation.

Regarding RQ2 (Technology Readiness Index), the findings show that optimism and
innovativeness are the dominant dimensions, reflecting generally positive attitudes toward new
technologies and a willingness among industry practitioners to explore innovative solutions.
Previous research supports this finding by demonstrating that positive beliefs about the benefits
of technology and personal innovativeness significantly enhance readiness and adaptation
behavior. However, discomfort and insecurity, although less pronounced, suggest that some
respondents continue to experience uncertainty, fear of complexity, and perceived risks
associated with technological change. Such psychological barriers have been widely reported in
construction-related technology studies, particularly in environments undergoing digital
transformation.

The descriptive statistics also support these findings, as all factors recorded high average scores,
especially the financial, organizational, technical, and personal factors, which clearly indicate a
high readiness level for technology adaptation. The high average score recorded under optimism
and innovativeness clearly shows positive attitudes towards adapting technology, but the
moderate average score of discomfort and insecurity shows that training and change
management programs need to be conducted to ensure the success and sustainability of
technology adaptation in this industry. The outcome of this analysis clearly shows that technology
adaptation in this industry is facilitated by strong financial and technological readiness and
positive attitudes among employees. Therefore, to ensure success and sustainability, efforts
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should focus be addressing technical issues and reducing employee discomfort and insecurity
through capacity-building and support mechanisms.
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